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Preface

We introduced the first edition of the textbook Surgery: Basic Science and Clinical Evidence
two years ago. It is the first evidence-based surgical textbook and as such signaled a new fo-
cus in surgical education and practice. We want to thank the many residents, program direc-

tors, and surgeons who have used the text and recommended it to colleagues. We also wish to thank
the authors for their comprehensive chapters; our collaborative efforts resulted in enthusiastic and sup-
portive reviews in many journals, including the New England Journal of Medicine, the Journal of the
American Medical Association, and Archives of Surgery. The publisher was also honored with the Best
Clinical Medicine Book 2000 by the Association of American Publisher’s Professional/Scholarly Pub-
lishing Division. An enormous amount of work from the authors, editors, and publisher resulted in
Surgery: Basic Science and Clinical Evidence; we are proud of the fruits of our labor and grateful for
your support of our endeavor.

We have heard from many of you, however, that a condensed, more portable version of our textbook
would be of use to busy medical students, surgical residents, and practicing surgeons who need access
to authoritative, evidence-based information during the course of their hectic workdays in the clinic and
at the bedside. Thus, we have addressed these requests with the book you are holding in your hands, Es-
sential Practice of Surgery: Basic Science and Clinical Evidence—an easy-to-use, companion spin-off 

v i i

FIGURE 1.  First meeting of the editorial board, October 1997 (Left to right: Stephen F. Lowry, Sean J. Mulvihill,
Laura Gillan, R. Randal Bollinger, Jeffrey A. Norton, Robert W. Thompson, Harvey I. Pass, and Alfred E. Chang).
(Photo courtesy of Barbara Shapiro.)
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of our parent text. Essential Practice continues to emphasize the evidence-based practice of surgery.
Working together with the contributors and my six coeditors, Dr. Randall Bollinger, Dr. Alfred Chang,
Dr. Stephen Lowry, Dr. Sean Mulvihill, Dr. Harvey Pass, and Dr. Robert Thompson, along with UCSF
department of surgery research resident Dr. Michelle Li, we have edited 57 of the most critical chapters
from Surgery: Basic Science and Clinical Evidence into concise, abbreviated formats for quicker refer-
ence while retaining the most critical elements and best available evidence from the literature. Based on
our discussions with residents and housestaff, we have focused on streamlining information from the
larger volume with quick reading and referral in mind. The level of information covered in Essentials is
intended to be ideal for board review or student courses in surgery as well as being useful for busy med-
ical students, residents, and surgeons who want to read a more compact and portable but still very in-
formative text. If the reader needs more information or has questions regarding certain issues, he or she
may refer back to the parent textbook, Surgery: Basic Science and Clinical Evidence. We urge you to
use the two books in cooperation with one another.

Again, we thank you for your enthusiastic support of Surgery: Basic Science and Clinical Evidence.
Together with my six co-editors, we sincerely hope that all medical students, residents, and surgeons
will embrace the evidence-based approach in Essential Practice of Surgery: Basic Science and Clinical
Evidence and use it in the surgical care of their patients.

Jeffrey A. Norton, MD
San Francisco, CA
October 2002
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Evidence-Based Surgery
Robin S. McLeod

The term evidence-based medicine was coined by Sack-
ett and colleagues1 in the 1980s. They defined it as
“the conscientious, explicit, and judicious use of cur-

rent best evidence in making decisions about the care of in-
dividual patients.” The practice of evidence-based medicine
means integrating individual clinical expertise with the best
available clinical evidence from systematic research. In short,
evidence-based medicine means systematically searching for
the best evidence rather than relying on expert opinion or
anecdotal experience. In addition, Sackett and colleagues rec-
ognized the importance of the clinical expertise that most
physicians possess and were explicit in stating that the evi-
dence must be integrated with clinical acumen. Finally, the
preferences and values of the patient must be considered in
the decision making.

There are five linked ideas central to the practice of evi-
dence-based medicine (EBM). First, clinical decisions should
be based on the best available scientific evidence; second, the
clinical problem, rather than the habits of protocols, should
determine the type of evidence to be sought; third, identify-
ing the best evidence means using epidemiological and bio-
statistical ways of thinking; fourth, conclusions derived from
identifying and critically appraising evidence are useful only
if put into action in managing patients or making health care
decisions; and finally, performance should be constantly eval-
uated.2

Ultimately, there are many reasons to practice evidence-
based medicine. First, most physicians want to do the best for
their patients on an individual basis. To do so, one must be
abreast of the current knowledge in the area. Second, patients
are better educated and informed and are challenging physi-
cians’ views. Patients have access to the medical literature and
can often cite it. Finally, if physicians wish to play a role in
policy decision making and allocation of resources, they must
have the evidence to justify the introduction and maintenance
of these programs. Thus, physicians can no longer rely on their
anecdotal experience.

Are We Practicing Evidence-Based Medicine?

It has been shown that even high-quality information pub-
lished in the literature is often not applied by practicing physi-
cians. Multiple studies have demonstrated varying rates of
adoption of treatments that have proven to be effective in ran-
domized controlled trials (RCT).“Convincing” evidence is of-
ten difficult to come by, but seems to be even more difficult
to apply.

Requirements for Practicing 
Evidence-Based Surgery

Rosenberg and Donald have outlined some of the steps in-
volved in the application of evidence-based practice.3 First,
the clinician must clearly identify and articulate a question
that has arisen from clinical practice. External evidence is
then sought, usually by performing a focused search of the
literature. The information thus retrieved is subjected to crit-
ical appraisal, and finally the newly acquired knowledge is
implemented in clinical practice. Thus, the necessary ele-
ments to practice evidence-based medicine are production and
dissemination of high-quality evidence and retrieval and crit-
ical appraisal of the evidence. The remainder of this chapter
discusses these two major issues.

Providing the Evidence

Various hierarchies have been proposed for classifying study
design.4,5 In simplest terms, studies can be classified as case
series, case-control studies, cohort studies, and randomized
controlled trials. The case series is the weakest and the ran-
domized controlled trial the strongest for determining the ef-
fectiveness of treatment (Table 1.1).
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Case Series

Case reports (arbitrarily defined as 10 or fewer subjects) and
case series are the typical surgical studies. There is no con-
current control group, although there may be a historical con-
trol group. Patients may be followed from the same inception
point and followed prospectively, not necessarily for the pur-
pose of the study but in the normal clinical course of their
disease. Typically, data from patient charts or clinical data-
bases are reviewed retrospectively. Thus, the outcome of in-
terest is present when the study is initiated. Despite the lim-
itations of this study design, the importance of results from
case series should not be minimized. It is because of careful
observation that innovations in surgical practice and tech-
niques have been and continue to be made. However, results
from case series should be likened to observations made in
the laboratory. Just as those observations should lead to gen-
eration of a hypothesis and performance of an experiment to
test it, a randomized controlled trial should be performed to
confirm the observations reported in a case series. Case se-
ries are plagued with biases such as selection and referral bi-
ases, and because data are not collected specifically for the
study they are often incomplete or even inaccurate. There-
fore, incorrect conclusions about the efficacy of a treatment
are common, and the mistake that surgeons make is relying
solely on evidence from case series.

Case-Control Studies

The case-control study is the design used most frequently by
epidemiologists to study risk factors or causation. There are
two groups of patients: the case group is composed of sub-
jects in whom the outcome of interest is present, whereas it
is not present in subjects in the control group. Controls are
selected by the investigator rather than by random allocation,
so the likelihood of bias being introduced is real and thus
there is a risk of making an erroneous conclusion. Generally
the controls are matched to the cases with respect to impor-
tant prognostic variables other than the factor that is being
studied. It is important to match the subjects to avoid an in-
correct conclusion about the significance of the factor being
studied, but it is equally important not to overmatch the con-
trols so a true difference is not observed. In case-control stud-
ies, as in case series, data are collected retrospectively. Thus,
the outcome is present at the start of the study.

Cohort Studies

Cohort studies may be performed retrospectively or prospec-
tively. There are two or more groups, but subjects are not ran-

domly allocated to the groups. One group receives the treat-
ment or exposure of interest, while the other group of sub-
jects receives another or no treatment or exposure. The in-
ception point may not be defined by the study, and the
intervention and follow-up may be ad hoc. However, the out-
come is not present at the time that the inception cohort is
assembled. There is less possibility of bias than in a case-con-
trol study because cases are not selected and the outcome is
not present at the initiation of the study. However, the like-
lihood of bias is still high because subjects are not randomly
allocated to groups. Instead, there is some selection process,
either by the subject or by the clinician, that allocates them
to groups. For instance, subjects may be allocated to groups
by where they live (when the effect of an environmental toxin
is being studied), by choice (when a lifestyle factor such as
dietary intake is being studied), or by the physician (when a
nonrandomized study of a treatment intervention is being per-
formed). Retrospective cohort studies differ from prospective
cohort studies in that data analysis and possibly data collec-
tion are performed retrospectively but there is an identifiable
time point that can be used to define the inception cohort.
Such a date could be date of birth, date of first attendance at
a hospital, etc. Cohort studies typically are performed by epi-
demiologists studying risk factors where randomization of pa-
tients is unethical. Although cohort studies are more power-
ful than case-control studies, subjects are not randomized, so
the cohorts may potentially be biased. An example of a co-
hort study is the use of a database to follow patients who have
had a mucosectomy versus no mucosectomy in restorative
proctocolectomy to determine the long-term outcome.

Randomized Controlled Trials

The RCT is accepted as the best trial design for establishing
treatment effectiveness. There are several essential compo-
nents of the randomized controlled trial. First, subjects are
randomly allocated to two groups: usually a treatment group
(in which the new treatment is being tested) and a control
group (in which the standard therapy or placebo is adminis-
tered). Thus, the control group is concurrent and subjects are
randomly allocated to the two groups. Second, the interven-
tions and follow-up are standardized and performed prospec-
tively. Thus, it is hoped that both groups are similar in all re-
spects except for the interventions being studied. Not only
does this guard against differences in factors known to be im-
portant, it also ensures that there are no differences caused
by unknown or unidentified factors. This latter point is es-
pecially important. Statistical techniques such as multivari-
ate analysis can be employed to adjust for known prognostic
variables but obviously cannot adjust for unknown prognos-
tic variables. There are multiple examples of studies show-
ing differences between groups that cannot be accounted for
by the known prognostic variables.6

Where differences in treatment effect are small, the RCT
may minimize the chance of reaching an incorrect conclu-
sion about the effectiveness of treatment. There are, however,
some limitations to RCTs. First, RCTs tend to take a long
time to complete because of the time required for planning,
accruing, and following patients, and finally analyzing results.
As a consequence, the results may not be available for many
years. Second, clinical trials are expensive to perform, al-
though their cost may be recuperated if ineffective treatments

4 CHAPTER 1

TABLE 1.1. Hierarchy of Study Designs.

Random
Prospective allocation of

Control group follow-up subjects

Case series No No No
Case-control study Yes No No
Cohort study Yes Yes No
Randomized controlled Yes Yes Yes
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are abandoned and only effective treatments are imple-
mented.7 Third, the results may not be generalizable or ap-
plicable to all patients with the disease because of the strict
inclusion and exclusion criteria and inherent differences in
patients who volunteer for trials. As well, not all patients re-
spond similarly to treatment. Fourth, in situations where the
disease or outcome is rare or only occurs after a long period
of follow-up, RCTs are generally not feasible. Finally, the
ethics of performing RCTs is controversial, and some clini-
cians may feel uncomfortable with randomizing their patients
when they believe one treatment to be superior even if that
opinion is based only on anecdotal evidence.

There are elements common to all randomized controlled
trials, as outlined in Table 1.2. The first and perhaps the most
important issue in designing a RCT is to enunciate clearly
the research question. Most RCTs are based on observations
or experimental evidence from the laboratory. Always, RCTs
should make biological sense, have clinical relevancy, and be
feasible to perform. The research question determines who
will be included, what the intervention will be, and what is
to be measured. Frequently, a sequence of RCTs will be per-
formed to evaluate a particular intervention. Initially, a rather
small trial that is highly controlled using a physiological or
surrogate endpoint may be performed. This trial would pro-
vide evidence that the intervention is effective in the opti-
mal situation (efficacy trial). However, it might lack clinical
relevance, especially if the endpoint were a physiological mea-
sure. However, if it were positive, it would then lead to an-
other trial, with more patients and a more clinically relevant
outcome measure. If this second trial were positive, a very
large trial might be indicated to assess the effectiveness of the
intervention in normal practice (effectiveness trial). Such an
example would be studying the effect of a chemoprevention
agent in colon cancer. Initially, the agent might be prescribed
to a group of individuals at high risk for polyp formation (e.g.,
patients with familial polyposis coli) for a short time, with the
outcome measure being a rectal biopsy for proliferative
changes. A subsequent trial might observe polyp regression in
this same cohort of patients, with subsequent trials aimed at
the prevention of significant polyps in average-risk individu-
als who were followed for several years. As one can see, the

selection of subjects, the intervention, the duration of the
trial, and the choice of outcome measure may vary depend-
ing on the research question. Ultimately, however, investi-
gators wish to generalize the results to clinical practice so the
outcome measures should be clinically relevant. For this rea-
son, quality of life measures are often included.

Although there are elements common to all randomized
controlled trials, there are issues of special concern in surgi-
cal trials.8 The issue of standardization of the procedure is of
major importance in surgical trials. Standardization is diffi-
cult because surgeons may vary in their experience with and
ability to perform a surgical technique; there may be indi-
vidual preferences in performing the procedure, and techni-
cal modifications may occur as the procedure evolves. More-
over, differences in perioperative and postoperative care may
also impact the outcome. There are two issues related to stan-
dardization of the procedure. First, there is the issue of who
should perform the procedure: experts only or surgeons of
varying ability. Second, there is the issue of standardization
of the procedure so it is performed similarly by all surgical
participants and it can be duplicated by others following pub-
lication of the trial results. The implications of these two is-
sues differ, and strategies to address them also differ.

The first issue is analogous to assessing compliance in a
medical trial. Thus, if the procedure is performed by experts
only in a very controlled fashion, it is analogous to an “effi-
cacy trial.” The advantage of such a trial is that if the proce-
dure is truly superior to the other intervention, then this de-
sign has the greatest likelihood of detecting a difference. The
disadvantage, obviously, is that the results are less general-
izable. As with most issues in clinical trials, there is no right
or wrong answer. If the procedure is usually performed by ex-
perts, then it probably is desirable to have only experts in-
volved in the trial. On the other hand, if a wide spectrum of
surgeons usually perform the procedure, it would be appro-
priate not to limit surgical participation.

No matter how many surgeons are involved in the trial
and that investigators want to mimic routine practice, there
must be at least a certain amount of standardization so that
readers of the trial results can understand what was done and
duplicate the procedure in their own practice. There are sev-
eral strategies to ensure a minimum standard. First, all sur-
geons should agree on the performance of the critical aspects
of the procedure. It may not be necessary that there is agree-
ment concerning all the technical aspects, but there should be
consensus on those details deemed to be important. Further-
more, if there are aspects of the perioperative and postopera-
tive care that impact on outcome (e.g., postoperative adjuvant
therapy), these should be standardized. Teaching sessions may
be held prior to starting the trial and feedback given to sur-
geons on their performance during the trial. As well, obtain-
ing documentation that the procedure has been performed sat-
isfactorily (for example, through postoperative angiograms to
document vessel patency or pathology specimens to document
resection margins and lymph node excision) may contribute
to ensuring that the surgery is being performed adequately. Fi-
nally, patients are usually stratified according to surgeons or
center to ensure balance in case there are differences in surgi-
cal technique between centers or surgeons.

Blinding is often a difficult issue in surgical trials. It may
not be an issue if two surgical procedures are being compared
but is a major issue if a surgical procedure is being compared
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TABLE 1.2. Elements of a Randomized Controlled Trial.

1. Stating the Research Question
2. Selecting the Subjects
3. Allocating the Subjects
4. Describing the Maneuver

a. The interventions
b. Minimizing potential biases
c. Baseline and follow-up maneuvers

5. Measuring Outcome
a. Assessing treatment effectiveness
b. Assessing side effects and toxicity

6. Analyzing the Data
7. Estimating the Sample Size
8. Ethical Considerations
9. Administrative Issues

a. Feasibility of the trial
b. Administration of the trial
c. Data management
d. Funding issues



with a medical therapy. There is often a placebo effect of
surgery. The lack of blinding is especially worrisome if the
primary outcome is a change in symptoms or quality of life
rather than a “hard” outcome measure such as mortality or
morbidity. In these situations, if a hard outcome measure is
also measured and it correlates with the patient’s assessment,
there is less concern about the possibility of bias. Assessments
may be performed by an independent assessor who is unaware
of the patient’s treatment group. Finally, if criteria used to
define an outcome are explicitly specified a priori, it may min-
imize or eliminate bias (e.g., criteria to diagnose an intraab-
dominal abscess). Investigators may also choose in this situ-
ation to have a blinded panel review the results of tests to
ensure that they meet the criteria.

The issue of timing of trials is difficult. Most surgeons
would argue, that a learning curve exists in any procedure
and that modifications to the technique are made frequently
at its inception. By including these early patients, one would
almost certainly bias the results against the new procedure.
The introduction of laparoscopic cholecystectomy and the
initially high rate of common bile duct injuries is a good ex-
ample of this. On the other hand, it may be difficult to ini-
tiate a trial when the procedure is widely accepted by both
the patient and the surgical community. The paucity of RCTs
testing surgical therapies supports this latter contention. This
dilemma arises because, unlike the release of medical thera-
pies, there is no regulating body in surgery that restricts per-
formance of a procedure or requires proof of its efficacy. Prob-
ably, RCTs should be performed early before they become
accepted into practice, recognizing that future trials may be
necessary as the procedure evolves and surgical experience
increases. This plan is analogous to medical oncological tri-
als in which trials are being planned as one is being com-
pleted. On the other hand, the procedure must be established
adequately, because one certainly would not want to invest
a large amount of money and time in a trial that produced re-
sults having no value at its completion.

Finally, patient issues may be of greater concern in surgi-
cal trials. In a medical trial, patients may be randomized to ei-
ther treatment arm with the possibility that at the conclusion
of the trial they can receive the more efficacious treatment if
the disease is not progressive and the treatment is reversible.
Surgical procedures, however, are almost always permanent.
This point may be of particular concern if a medical therapy
is being compared to a surgical procedure or the two surgical
procedures differ in their magnitude or invasiveness. Patients
may have a preference for one or the other treatment and there-
fore refuse to participate in the trial. There also tends to be
more emotion involved with surgery, and patients may be less
willing to leave the decision as to which procedure will be per-
formed to chance. Surgeons themselves may feel uncomfort-
able in discussing the uncertainty of randomization with pa-
tients requiring surgery.9 Thus, accruing patients for surgical
trials may be more difficult than for medical trials.

Outcome Studies

Health services research, which includes outcomes research,
has been defined by the Institute for Medical Studies as “a
multidisciplinary field of inquiry, both basic and applied, that
examines the use, costs, quality and accessibility, delivery,
organization, financing and outcomes of health care services

to increase knowledge and understanding of the structures,
processes and effects of health services for individuals and
populations.”10

Health service research includes all types of evaluations
including studies using the randomized controlled trial design.
Outcomes research has been used to describe many different
types of research. The term outcomes studies is usually used
to describe those studies in which outcomes are assessed in
large cohorts of patients, often using data from administrative
databases. These cohorts may include patients registered in a
HMO, those living in a specific geographic area, or some other
defined group. Thus, outcomes studies, using the previously
discussed hierarchy of study designs, are cohort studies. The
strength and rationale for outcome studies is that they focus
on populations or large groups of patients to minimize the se-
lection and referral biases that are found in small institutional
series. In addition, outcomes studies often use patient-based
or patient-derived evaluations of care. The hope for the out-
comes movement was that the information derived would im-
prove decision making by clinicians, health care administra-
tors, and patients and thereby lead to a cycle of improved care.

The number of outcomes studies evaluating surgical pro-
cedures in all disciplines has increased exponentially in re-
cent years. While these have an important role, they should
be viewed as being complementary to RCTs. Generally, a
RCT is needed to establish the effectiveness of a treatment.
The strength of the RCT is that conditions are tightly con-
trolled to minimize bias and the risk of making an incorrect
conclusion. However, because of this restriction, they also
may lack generalizability. Variations in structure and process
variables are minimized in RCTs, whereas outcomes studies
try to determine what role these factors play in routine care
because there is no control over the selection of patients and
the practice of physicians.11 Optimally, outcome studies can
be used to determine whether services work as well in rou-
tine practice as they did in trials.

Although RCTs are the standard for determining treat-
ment effectiveness, another potential role for outcome stud-
ies is in those situations where RCTs are not feasible (e.g., a
rare condition) or are not ethical. The availability of large ad-
ministrative databases and ready access to this information
with modern computers and statistical software packages has
allowed outcome studies to be performed. These databases
have several important limitations. First, the data within a
database may be inaccurate or incomplete. Second, the data-
bases have usually been set up for administrative purposes
and therefore clinically relevant data such as comorbid ill-
ness may be limited. Occasionally, it may be possible to link
the administrative database to a clinical database that con-
tains clinically relevant data. Alternately, additional infor-
mation can be garnered by abstracting medical records or in-
dividual patient records. Finally, like clinical trials, outcome
studies tend to be as good as the rigorousness of the method-
ology of the study. Thus, before embarking on the study, a
hypothesis should be formulated, outcomes specified (e.g.,
length of stay, reoperative rate, readmission rate) plus co-
morbidities or risk factors (e.g., gender, age, hospital, surgeon)
explicitly defined. Testing the database to ensure accuracy is
also an important step. Finally, multivariate statistical tests
and logistic regression analyses are performed to adjust for
possible known confounders (i.e., control for the case mix).

There are several limitations of outcomes studies. Out-

6 CHAPTER 1



come studies are essentially observational studies, lacking the
rigorous control of variables as in a randomized controlled trial.
Thus, there is the risk of bias. If recognized, adjustments can
be made in the analysis. However, unidentifiable factors may
bias the results. Thus, inferences must be made cautiously
because there may be unmeasured variations in the patients,
practitioners, and processes that are the real explanation for
differences in outcome. Second, often the available databases
used have been set up for another purpose (such as health care
delivery) and clinically relevant data may be limited. Opti-
mally, patient-relevant outcomes such as quality of life
should be measured. However, endpoints may be limited to
length of hospital stay, operative mortality, reoperation rates,
and readmission rates. In addition to the limited number of
endpoints, comorbidity data may be inadequate or inaccu-
rately recorded. Furthermore, it may be impossible to know
whether a comorbidity was present preoperatively or occurred
following surgery, which may limit the ability to adequately
adjust the data for varying levels of risk or disease severity.
Third, outcomes studies can only assess the impact of patient
variables and practice patterns on the process of health care
delivery. Because patient preferences are not recorded, their
impact cannot be assessed but such certainly play a major
role in both decision making and outcome. Finally, there may
be large fluctuations in outcome from chance alone for low-
frequency procedures, and rates may not be stable statisti-
cally.

The confusion surrounding outcome research includes not
only these different design characteristics but also that the
term has been applied to at least two other kinds of studies:
assessing small area variation and assessing the relationship
between volume and outcome.

Small Area Variation

Area variation describes the phenomenon of differences in the
rates of medical and surgical services observed among geo-
graphic regions (so-called large areas). These variations have
been recorded among countries, states, and provinces and
among counties or health services areas (so-called small ar-
eas). These findings elicit concern because persons in areas of
high volume may be receiving too much or inappropriate care
(and thereby potentially be exposed to iatrogenic illness and
postoperative death) while those in low-volume areas may be
receiving too little care (and thereby not benefiting from mod-
ern medical care).12

The two main reasons cited for the variations have been
differences in physician practice style and access to medical
care. However, the variations may result from other causes
including difficulties defining or diagnosing the disease, dif-
ferences in the prevalence and severity of disease, and regional
differences in patient preferences seeking and accepting med-
ical care.13 Variation in surgical rates is related to variation
in physician opinion, and where differences in physician opin-
ion do exist, there tend to be large geographic variations.

Recognizing these variations is only of value if the causes
and consequences of variation can be ascertained so that
strategies to minimize them can be implemented.14 The con-
duct of RCTs to improve the quality of evidence available
and development of evidence-based practice guidelines may
be useful in this regard. An additional problem with the in-
terpretation of area variation studies is knowing what the rate

should be.15 For some procedures, there may be no correct
rate if patient preferences are considered.16

Volume–Outcome Differences

An increasing number of studies have shown that for com-
plex operations, such as esophagectomy, Whipple procedure,
low anterior resection and abdominoperineal resection, liver
resection, and sarcoma surgery, surgical volume may have an
impact on outcome.17–20 However, outcomes of low-volume
surgeons have been reported to be equivalent to those of high-
volume surgeons if the low-volume surgeon worked at a high-
volume hospital.21 This finding suggests that the health care
team and facilities may be as important or even more im-
portant than the individual expertise of the surgeon.

The implications of such studies are enormous and must
be reviewed by policy and decision makers. Regionalization
of more complex procedures has been suggested. Before doing
so, however, one must be certain that the results of current
studies are not biased and that observed differences are not
caused by factors other than volume. Thus, rigorous volume–
outcome studies with prospective collection of data and stud-
ies addressing patient preferences may be required for each
procedure before such decisions can be made.

Levels of Evidence

There are several grading systems for assessing the level of
evidence.4,22 Most systems consider the a priori design of the
study and the actual quality of the study. Studies in which
there has been blinded random allocation of subjects are given
highest weighting because the risk of bias is minimized. Thus,
a randomized controlled trial will provide level I evidence pro-
vided it is well executed with respect to the issues discussed
earlier in this chapter.

This system is of value because of its simplicity, but dif-
ficulties may arise when readers wish to pool results from
several studies, either informally during their reading or when
performing systematic reviews or developing guidelines. De-
cisions must be made on whether studies should be included
or excluded depending on the quality of the study.23 As well,
the systems are not sensitive to the relevance of the findings
of studies. For instance, neither the clinical relevance of the
outcome measures, the baseline risk of the effect, nor the ac-
tual results of the studies (e.g., study results that are not con-
sistent with results from other RCTs) are considered in any
system.

In this volume, the quality of evidence is generally clas-
sified according to the system listed in Table 1.3.

What Is the Quality of Evidence 
Evaluating Surgical Practice?

As one would predict, repeated studies have shown that there
is a predominance of case studies and a relative paucity of
RCTs published in the literature. Concerns specific to the
methodology of surgical trials, strong patient preferences, and
inadequate funding have been cited as the primary reasons
for this. Still, many important, well-designed surgical trials
have been performed and continue to have a significant im-
pact on treatment decisions.
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Assessing the Best Evidence

Systematic Reviews or Meta-Analyses

The terms systematic review and meta-analysis have been
used interchangeably. However, systematic reviews or over-
views are qualitative reviews, whereas statistical methods are
used to combine and summarize the results of several stud-
ies in meta-analysis.24 In both, there is a specific scientific
approach to the identification, critical appraisal, and synthe-
sis of all relevant studies on a specific topic. They differ from
the usual clinical review in that there is an explicit, specific
question that is addressed. In addition, the methodology is
explicit and there is a conscientious effort to retrieve and re-
view all studies on the topic without preconceived prejudice.
The value of meta-analysis is that study results are combined
so conclusions can be made about therapeutic effectiveness
or, if there is no conclusive answer, to plan new studies.25

They are especially useful when results from several studies
disagree with regard to the magnitude or the direction of ef-
fect, when individual studies are too small to detect an effect
and label it as statistically not significant, or when a large
trial is too costly or time-consuming to perform. For the clin-
ician, meta-analyses are useful because results of individual
trials are combined so he or she does not have to retrieve,
evaluate, and synthesize the results of all studies on the topic.
Thus, it may increase the efficiency of the clinician in keep-
ing abreast of recent advances.

Meta-analysis is a relatively new method for synthesizing
information from multiple studies. Thus, the methodology is
constantly evolving and like that of other studies, the qual-
ity of individual meta-analysis may be quite variable. There
has been a call for standardization of the methodology used
in meta-analysis.26, 27 However, because the rigorousness of
the methodology of many published meta-analyses may be
quite variable, the clinician should have some knowledge of
meta-analysis methodology and be able to critically appraise
them. Published guidelines are available (Table 1.4).28

Some basic steps are followed in performing a meta-analy-
sis. First, the meta-analysis should address a specific health
care question. Second, various strategies should be used to
ensure that all relevant studies (RCTs) on the topic are re-
trieved, including searching various databases such as MED-

LINE and EMBASE. In addition, proceedings of meetings and
reference lists should be checked and content experts and
clinical researchers consulted to ensure all published and 
nonpublished trials are identified. Reliance on MEDLINE
searches alone will result in incomplete retrieval of published
studies.29 Third, as in other studies, inclusion criteria should
be set a priori. Fourth, data from the individual studies should
be extracted by two blinded investigators to ensure that this
is done accurately. As well, these investigators should assess
the quality of the individual studies. Fifth, the data should be
combined using various statistical techniques. Before doing
so, statistical tests to determine the “sameness” or “homo-
geneity” of the individual studies should be performed.

Although some have embraced meta-analysis as a sys-
tematic approach to synthesizing published information from
individual trials, others have cautioned about the results of
meta-analysis and others have been skeptical of the technique
completely.30 In some cases meta-analyses on the same clin-
ical question have led to different conclusions.31 Some of
these resulted from methodological problems. Failure to use
sufficiently broad search strategies may result in exclusion of
all relevant studies. Most commonly, unpublished studies are
excluded, and these are more likely to be “negative trials”
(so-called publication bias).32 As well, there is evidence that
omission of trials not published in English language journals
may bias the results.33 Finally, there is a strong association
between statistically positive conclusions of meta-analyses
and their quality (i.e., the lower the quality of the studies, the
more likely that the meta-analysis reached a positive con-
clusion).34 One of the values of meta-analysis is that the gen-
eralizability of the results is increased by combining the re-
sults of several trials. However, if there is great variation in
studies, including patient inclusion criteria, dosage and mode
of administration of medication, and length of follow-up (so-
called heterogeneity), it may be inappropriate to combine re-
sults and doing so may produce invalid results. Other reasons
for discrepancies may be the use of different statistical tests
and failure to update the meta-analysis. Finally, meta-analy-
sis has generally been restricted to combining the results of
randomized controlled trials even though there is also a need
for combining data from nonrandomized or observational
studies.

The Cochrane Database of Systematic Reviews is a valu-
able source of high-level information for practicing clinicians.
Unfortunately, this database is of somewhat more limited use
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TABLE 1.4. Guidelines for Using a Review.

1. Did the overview address a focused clinical question?
2. Were the criteria used to select articles for inclusion appropriate?
3. Is it unlikely that important, relevant studies were missed?
4. Was the validity of the included studies appraised?
5. Were the assessments of the studies reproducible?
6. Were the results similar from study to study?
7. What are the overall results of the review?
8. How precise were the results?
9. Can the results be applied to my patient care?

10. Were all the clinically important outcomes considered?
11. Are the benefits worth the harms and costs?

Source: Adapted from Oxman et al.28

TABLE 1.3. Levels of Evidence.

I Evidence obtained from at least one properly randomized
controlled trial

II-1 Evidence obtained from well-designed controlled trials
without randomization

II-2 Evidence obtained from well-designed cohort or case-
control analytic studies, preferable from more than one
center or research group

II-3 Evidence obtained from comparisons between times or
places with or without the intervention; dramatic results
in uncontrolled experiments (such as the results of treat-
ment with penicillin in the 1940s) could also be in-
cluded in this category

III Opinions of respected authorities, based on clinical expe-
rience, descriptive studies, or reports of expert commit-
tees



to surgeons because of the paucity of published surgical RCTs
and meta-analyses.

Practice Guidelines

Practice guidelines have been defined by the Institute of Med-
icine (IOM) as “systematically developed statements to assist
practitioner and patient decisions about appropriate health
care for specific clinical circumstances.”35 Guidelines are not
standards that set rigid rules of care for patients. Rather,
guidelines should be flexible so that individual patient char-
acteristics, preferences of surgeons and patients, and local cir-
cumstances can be accommodated.36

Guideline development has occurred for several reasons.37

First, as discussed earlier there is growing evidence of sub-
stantial unexplained and inappropriate variation in clinical
practice patterns, probably partly because of physician un-
certainty. Second, there is evidence that the traditional meth-
ods for delivering continuing medical education are ineffec-
tive and that clinicians have difficulty in assimilating the
rapidly evolving scientific evidence. Third, there is concern
that as health care resources become more limited there will
be inadequate funds to deliver high-quality care if current
technology and treatments are used inappropriately or inef-
fectively.

Practice guidelines have been promoted as one strategy to
assist clinical decision making to increase the effectiveness
and decrease unnecessary costs of delivered health care ser-
vices.37 Many clinicians are wary of guidelines and believe
that they are simply a means to limit resources and inhibit
clinical decision making and individual preferences. Guide-
lines have also been criticized for being too idealistic and fail-
ing to take into account the realities of day-to-day practice.
Critics argue that patients differ in their clinical manifesta-
tions, associated diseases, and preferences for treatments.
Thus, guidelines may be too restrictive or irrelevant. Third,
clinicians may be confused because of conflicting guidelines.
Finally, guideline development may be inhibited because
there is a lack of evidence upon which to base guidelines.

Many groups and organizations have begun to develop
practice guidelines by using different methods.38 Guidelines
can be developed based on informal consensus. The criteria
upon which decisions are based are often poorly described and
there is no systematic approach to reviewing the evidence.
More often, these guidelines are based on the opinion of ex-
perts. Readers are unable to judge the validity of the guide-
lines because even if a systematic approach was followed the
process is not documented. In many instances, guidelines are
self-serving and used to promote a certain specialty or exper-
tise. The National Institutes of Health (NIH) and other bod-
ies have produced guidelines based on a formal consensus ap-
proach. Although this approach tends to be more structured
than the informal consensus, it suffers from the same poten-
tial flaws in that it is less structured and also susceptible to
the biases of the experts.

Evidence-based guidelines are the most rigorously devel-
oped.37,39,40 There should be a focused clinical question, and
a systematic approach to the retrieval, assessment of quality,
and synthesis of evidence should be followed. Guidelines de-
velopment should also be a dynamic process with constant
updating as more evidence is available. In addition to assess-

ment of the literature, there is usually an interpretation of
the evidence by experts, and the evidence may be modulated
by current or local circumstances (e.g., cost/availability of
technology).

Much attention has been paid to the preparation of guide-
lines, but there has been much less emphasis on the dissem-
ination of and evaluation of the impact of guidelines. Unfor-
tunately, there is some evidence that EB guidelines may not
have as much impact on either changing physician behavior
or improving outcome. Because there are many guidelines
available, some with conflicting recommendations, clinicians
require some skills to evaluate the guidelines and determine
their validity and applicability (Table 1.5).39,40

Critically Appraising the Literature

Critical appraisal requires the clinician to have some knowl-
edge of clinical epidemiology, biostatistics, epidemiology, 
decision analysis, and economics. While this knowledge is
helpful, critical appraisal skills improve with practice and
clinicians are encouraged simply to begin using the skills they
already have in evaluating the literature and build on them. 

To make decisions about a patient, clinicians generally
need to know the cause of or risk factors for disease, the nat-
ural history or prognosis of disease, how to quantify aspects
of disease (measurement issues), diagnostic tests and the di-
agnosis of disease, and the effectiveness of treatment. In ad-
dition, clinicians now need some knowledge of economic
analysis, health services research, practice guidelines, sys-
tematic reviews, and decision analysis to fully appreciate the
literature and all sources of information.

Generally, clinicians read articles so they can generalize
the results of the study and apply them to their own patients.
Two potential sources of error may lead to incorrect conclu-
sions about the validity of the study results: systematic error
(bias) and random error. Bias is defined as “any effect at any
stage of investigation or inference tending to produce results
that depart systematically from the true values.”41 For ex-
ample, the term biased sample is often used to mean that the
sample of patients is not typical or representative of patients
with that condition. A number of biases might be present,

EVIDENCE-BASED SURGERY 9

TABLE 1.5. Guidelines for Assessing Practice Guidelines.

1. Were all important options and outcomes clearly specified?
2. Was an explicit and sensible process used to identify select

and combine evidence?
3. Was an explicit and sensible process used to consider the rela-

tive value of different outcomes?
4. Is the guideline likely to account for important recent devel-

opments?
5. Has the guideline been subject to peer review and testing?
6. Are practical, clinically important, recommendations made?
7. How strong are the recommendations?
8. What is the impact of uncertainty associated with the evi-

dence and values used in guidelines?
9. Is the primary objective of the guideline consistent with your

objective?
10. Are the recommendations applicable to your patients?

Source: Adapted from Hayward et al.40



not just those related to patient selection. It may be difficult
for the reader to discern whether there is bias and if so its
magnitude. The risk of an error from bias decreases as the rig-
orousness of the trial design increases. Because of the random
allocation of patients as well as other attributes, the ran-
domized controlled trial is considered the best design for min-
imizing the risk of bias. In observational studies, including
outcomes research (where patients have not been random-
ized), various statistical tests (such as multivariate analysis)
are frequently employed to adjust for differences in prognos-
tic factors between the two groups of patients. However, it is
important to realize that it is possible to adjust for only
known or measurable factors. In addition, there may be other
unknown and possibly important prognostic factors that can-
not be adjusted. Again, only if patients are randomly allocated
can one be certain that the two groups are similar with re-
spect to all known and unknown prognostic variables.

The other type of error is random error. Random error oc-
curs due to chance, when the result obtained in the sample of
patients studied differs from the result that would be obtained
if the entire population were studied.41 Statistical testing can
be performed to determine the likelihood of a random error.
The type of statistical test used varies depending on the type
of data. Some of the more common tests are shown in Table
1.6. There are two types of random error: type I and type II.
The risk of stating there is a difference between two treatments
when really there is none is known as a type I error. In the the-
ory of testing hypotheses, rejecting a null hypothesis when it
is actually true is called a type I error. By convention, if the
risk of the result occurring due to chance is less than 5% (a p
value less than 0.05), then the difference in the results of treat-
ment is considered statistically significant and that there re-
ally is a difference in the effectiveness of the two treatments.

If a result is statistically significant, the clinician must de-
termine whether it is clinically relevant or important.42 Typ-
ically, treatment effects can be written as absolute or relative
risk reductions. The absolute risk reduction (ARR) is simply
the difference in rates between the control group and the ex-
perimental group, whereas the relative risk reduction (RRR) 
is a proportional risk reduction and is calculated by dividing
the absolute risk reduction by the control risk. The advantage
of the ARR is that the baseline event rate is considered. For
instance, the RRR would be the same in two different stud-
ies where the rates between the control and experimental
groups were 50% and 25% and 0.5% and 0.25%, respectively.
In other words, while the ARR would be 25% in the first study
and 0.25% in the second study, the RRR for both studies would
be 50%. Although the RRR is the same in both studies, the
treatment benefit in the second scenario may be trivial.

Recently, Sackett and colleagues have coined the term
“number needed to treat” (NNT), which may make more in-
tuitive sense to clinicians than thinking in terms of ARR and

RRR.43 It is calculated by dividing the ARR into 1. Thus, in
the first example, 4 patients would have to be treated to pre-
vent one bad outcome (the NNT is 2), whereas 400 would
have to be treated to prevent one bad outcome (the NNT is
400) in the latter example. Determining whether the treat-
ment benefit is clinically significant requires the judgment of
the clinician. The statistician can only determine whether a
treatment benefit is statistically significant. Whether the ef-
fect is clinically significant depends on the NNT, the fre-
quency and severity of side effects (sometimes stated as the
number needed to harm, NNH), and the cost of treatment
and its feasibility and acceptability.

The other type of random error is the so-called type II er-
ror, which occurs when two treatments are, in reality, differ-
ent but one concludes that they are equally effective. In the
theory of testing hypotheses, accepting a null hypothesis when
it is incorrect is called a type II error. It is not uncommon for
clinicians to read a study in which the results are not statisti-
cally significant and to wonder whether the two treatments
are equally effective or whether there is a type II error. When
investigators plan a trial, they minimize the risk of a type II
error by calculating a sample size to ensure that there is ade-
quate power (1� type II error) to show a difference if one re-
ally exists. To calculate a sample size, both the type I error and
power are specified plus the mean and standard deviation or
event rate in the control group and the size of the difference
that one wishes to detect. Not surprisingly, the more variable
the subjects, the less frequent the event rate, or the smaller
the difference in the effects of the treatment, the more sub-
jects that are necessary to be certain a treatment effect has not
been missed. Conversely, fewer subjects are necessary if there
is less subject variability, the outcome occurs more frequently,
or one wishes to detect a large difference in treatment effect.

While a power calculation is performed a priori, a more
useful measure for the reader interpreting the study results is
the calculation of 95% confidence intervals (CI).44 The 95%
confidence interval means that one can be 95% certain that
the true difference between the two treatments lies within
this range of values.41 Thus, suppose, in a study comparing
stapled to hand-sutured anastomoses, the difference in leak
rate was 2% with 95% confidence intervals of �3%. In other
words, one can be 95% certain that the true risk of an anas-
tomotic leak is between 1% less than and 5% greater than
with a stapled anastomosis. If so, one would be fairly confi-
dent that the two different anastomotic techniques are equally
effective. On the other hand, if the confidence intervals were
�10%, so that the true difference in leak rates was somewhere
between 8% less than and 12% greater than with a stapled
anastomosis, one would be less likely to conclude that the
anastomotic techniques were equal. Clinicians can interpret
the negative result of a study much better when confidence
intervals are calculated than when only a p value is given. The
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TABLE 1.6. Types of Statistical Tests.

Statistical test (with no adjustment Procedure test (with adjustment 
Data type for prognostic factors) for prognostic factors)

Binary (dichotomous) Fisher exact test or chi-square Logistic regression (Mantel–Haenszel)
Ordered discrete Mann-Whitney U-test
Continuous (normal distribution) Student’s t-test Analysis of covariance (ANCOVA) (multiple regression)
Time to event (censored data) Log-rank Wilcoxon test Log-rank (Cox’s proportional hazards)



wider the confidence interval, the less certain one can be that
the two treatments are really similar in effectiveness. Con-
versely, if the confidence intervals are narrow, one can be
much more certain that the treatments are equally effective.
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Nutrition
Kenneth A. Kudsk and 

Danny O. Jacobs

Implications of Nutrition Support 
for Clinical Outcome

To critically evaluate a specific therapeutic intervention,
three criteria should be satisfied.1–3 First, evidence should
show that the treatment is better than no treatment in im-
proving clinical outcome. Second, beneficial effects of the
therapy should outweigh harmful effects. Third, compared
with other alternatives, the treatment should represent wise
use of resources. These issues are paramount in nutrition sup-
port because comprehensive studies of patients administered
intravenous nutrition documented a 29% incidence of com-
plications related to catheter placement (5.7%), sepsis (6.5%),
metabolic (7.7%) and mechanical (9%) complications, and
death (0.2%)4 caused by fluid and electrolyte problems (e.g.,
refeeding syndrome with precipitous and sometimes lethal
drops in potassium, phosphate, and magnesium levels), meta-
bolic complications such as hyperglycemia, and other tech-
nical issues. Enteral complication rates have also been well
documented and include aspiration, frequent tube dislodge-
ment, and intraabdominal complications such as diarrhea,
nausea, vomiting, and even intestinal necrosis.5 The poten-
tial for serious and occasionally life-threatening complica-
tions dictates a close inspection of existing clinical data.

Determination of Nutritional Status

Significant limitations exist in clinicians’ ability to quantify
the degree of malnutrition, identify the degree of metabolic
injury and stress, and measure the effectiveness of nutrition
in reversing nutrition-related immunological and metabolic
abnormalities. The benefits of therapy are very clear in some
circumstances. Patients with short gut syndrome secondary
to vascular disasters or recurrent resections as the result of
chronic disease that leave no colon and less than 100 cm of
jejunum or less than 50 cm of jejunum or ileum with an in-

tact colon cannot survive without parenteral nutrition.6,7 In
these circumstances, parenteral nutrition restores body com-
position, allowing a meaningful, productive existence,8 but
in other patients without such dramatic loss of the gastroin-
testinal tract or severely impaired nutritional status, im-
proved clinical outcome with specialized nutrition support is
less clear.

There is a strong inverse correlation between the body’s pro-
tein status and postoperative complications in populations of
patients undergoing elective major gastrointestinal surgery.9,10

Measurement of protein status in an individual patient is in-
exact because of difficulties quantitating the degree of mal-
nutrition and because disease processes themselves influence
markers of malnutrition and clinical outcome.

Parameters including weight loss, albumin, prealbumin,
and immune competence (measured by delayed cutaneous hy-
persensitivity or total lymphocyte count) have been used to
classify patients into the states of mild, moderate, and severe
malnutrition,11–14 but by themselves individual markers may
not accurately represent the nutritional status of the patient.
Important information obtained during the history and phys-
ical examination is the amount of weight loss with the per-
centage of usual body weight calculated by these equations:

% body weight loss

� � 100

or

% usual body weight � � 100

In general, a weight loss of 5% to 10% over a month or
of 10% to 20% over 6 months is associated with increased
complications.15 Although considered the single best serum
marker of malnutrition in otherwise stable patients, serum
albumin levels are influenced by synthesis rates, degradation

current body weight
���

usual body weight

usual body weight minus current body weight
������

usual body weight
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rates, and vascular losses into the interstitium or through the
gut and kidney. Delayed cutaneous hypersensitivity, a known
marker of severe malnutrition, is influenced by injury, he-
patic and renal failure, infections, edema, anesthesia, med-
ications such as corticosteroids, coumarin, and cimetidine,
and immunosuppressants.

As a predictive tool, combinations of these measurements
have been used to quantify the risk for subsequent compli-
cations. The Prognostic Nutritional Index correlates with
poor outcome in the following equation:

PNI (%) � 158 � 16.6 (ALB) �0.78 (TSF) �0.20 (TFN) 
�5.8 (DH)

where PNI is the risk of complication occurring in individual
patient, ALB is serum albumin (g/dl), TSF is the triceps skin-
fold thickness (mm), TFN is serum transferrin (mg/dl), and
DH is delayed hypersensitivity reaction to one of three recall
antigens (0, nonreactive; 1, �5-mm induration; 2, �5-mm in-
duration).16 Because delayed hypersensitivity is uncommon in
clinical practice, the equation has been simplified by substi-
tuting the lymphocyte score, using a scale of 0 to 2, where 0
is less than 1,000 total lymphocytes/mm3, 1 is 1,000 to 2,000
total lymphocytes/mm3, and a score of 2 is more than 2,000
total lymphocytes/mm.17 The higher the score using either of
these equations, the greater the risk of postoperative compli-
cations. The Prognostic Inflammatory Nutrition Index (PINI)
appears to correlate with recovery from injury as the acute-
phase protein response abates in the following equation:
PINI � (CRP) (AAG)/(PA) (ALB), where C-reactive protein
(CRP), �1-acid-glycoprotein (AAG), and prealbumin (PA) are
measured in mg/dl and albumin in g/dl.18 The subjective
global assessment clinically evaluates nutritional status by de-
termining restriction of nutrient intake, changes in organ func-
tion and body composition, and the disease process.19 There
appears to be close interobserver agreement with good pre-
dictions of complications in general surgical patients, liver
transplant patients,20 and dialysis patients.21

In summary, there is no “gold standard” for determining
nutritional status because of the influence of illness and injury
on assessment parameters and the difficulty in isolating the
individual influences of malnutrition and disease on clinical
outcome. This conclusion was supported by nonrandomized
prospective, retrospective, or case cohort-controlled studies.22

Malnutrition appears to be a continuum that is influenced by
the duration of altered nutritional intake and the degree of in-
sult and metabolic stress during that time, as well as the abil-
ity of medical care to control or reverse the disease process and
the metabolic perturbations induced by that disease process.

The Implications of Specialized 
Nutrition Support in Malnourished 
Versus Well-Nourished Patients

Although the effect of nutrition on outcome in patients with
midrange degrees of malnutrition is unclear, there is signifi-
cant class I data (class of evidence) describing the impact of
nutrition support in nontrauma/noncritically ill general sur-
gical patients at both ends of the nutritional scale. While peri-
operative nutrition in the well-nourished patient has resulted
in either no significant impact or in increased infectious com-

plications, perioperative nutrition in the severely malnour-
ished patient may result in improved postoperative morbid-
ity (see Table 2.1).

Enteral Versus Parenteral Versus 
No Specialized Nutrition Support

Several class I randomized, prospective studies have investi-
gated the route of nutrient administration in trauma and gen-
eral surgical patients. Most of these studies were carried out
in patients with blunt and penetrating trauma to the torso or
head injuries. Most studies of blunt and penetrating trauma
to the torso show improved outcome with early enteral feed-
ing.23–26 The benefits of reduced infectious complications
with enteral feeding increase as the severty of injury increases.

The type of injury probably plays an important role. Only
one27 of five studies28–31 of patients with severe head injury
noted any benefit with early enteral feeding. Gastroparesis de-
layed advancement of successful enteral feedings in several
of the studies. For the most part, closed-head-injury patients
randomized to intragastric feeding received insignificant
amounts of enteral diet for the first 10 days following injury,
that is, they were severely underfed, but at this point, exist-
ing data would not suggest significant benefit of a neurolog-
ical or infectious outcome with either very early enteral or
parenteral feeding following severe closed-head injury. The
gastroparesis often resolves within 4 to 5 days, allowing in-
stitution of early enteral feeding at that point. In patients in
whom gastroparesis does not resolve within 6 to 7 days, par-
enteral nutrition or transpyloric placement of an enteral tube
is clinically indicated (level III data) with transition to intra-
gastric feeding as soon as the gastroparesis resolves.

Cognizant of the failure of enteral feeding with special-
ized diet to improve outcome in well-nourished patients 
following intestinal resection,32 several authors have noted
improved outcome in patients receiving enteral feeding fol-
lowing laparotomy compared with parenterally fed patients
or patients receiving only intravenous fluids. Most of these
included patients undergoing upper gastrointestinal surgery
for carcinoma, and most showed benefit when nutrients were
delivered via the gastrointestinal tract.

A study of ulcerative colitis patients, undergoing resec-
tion randomized to either polymeric enteral nutrition or an
isonitrogenous, isocaloric parenteral nutrition solution, noted
significant improvement in serum albumin rates with enteral
feeding and more postoperative infectious complications with
parenteral nutrition.33 In a study of patients with Crohn’s dis-
ease, polymeric enteral feeding achieved similar results with
steroid treatment in inducing remission.34

Following liver transplantation, results have been in-
consistent. Nutrition support has also been studied during
acute pancreatitis. No differences were noted in the inci-
dence of infectious complications or length of hospital stay
between patients randomized to jejunal feeding or parenteral
nutrition.35 Duodenal feedings are contraindicated in pa-
tients with acute pancreatitis because of pancreatic stimu-
lation caused by hormonal responses following intragastric
and intraduodenal stimulation.36 Intravenous feeding and je-
junal feedings37,38 do not appear to stimulate pancreatic se-
cretions and can be given without fear of aggravating pan-
creatitis.

1 4 CHAPTER 2



Type of Nutrient Diet

Enteral Feeding

With the exception of burn patients in whom early intra-
gastric feeding prevents gastroparesis,39,40 patients undergo-
ing laparotomy for major torso trauma or major intestinal
surgery or patients sustaining severe closed-head injury de-
veloped a gastroparesis that preempts successful early intra-
gastric feeding. When nutrition is delivered beyond the liga-
ment of Treitz via nasojejunal, transgastric, or standard
jejunostomy tubes, more complex formulas containing whole
proteins, fiber, etc., are usually well tolerated with low rates

of distension, cramps, or diarrhea, although progression may
be slower as the magnitude of insult increases, especially
with trauma.41

During the hypermetabolism of stress and sepsis, experi-
mental evidence suggests that specific substrates may be ben-
eficial in supporting the metabolic and immunological re-
sponses following surgery, and thus specialty diets enhanced
with various combinations of these nutrients have been de-
veloped and clinically tested. These “immune-enhancing” di-
ets have been formulated containing various combinations of
arginine, omega-3 fatty acids, nucleotides, glutamine, and
branched-chain amino acids.

Glutamine production is increased during stress and sep-

NUTRITION 1 5

Class
of

Author Year evidence Conclusions

Veterans 1991 1 Of 395 malnourished patients requiring laparotomy or noncardiac thoracotomy randomized to 7–15 
Affair Total days preoperative nutrition (n � 192) or no perioperative nutrition support (n � 203) and monitored 
Parenteral for 90 days following surgery, the rates of major complications were similar in patients with mild 
Nutrition or moderate degrees of malnutrition with more infectious complications in the TPN group (p � .01) 
Cooperative but more noninfectious complications in the control group (p � .02); 90-day mortality rates were 
Study also similar. Only in severely malnourished patients did TPN significantly reduce noninfectious 
Group120 complications (5% vs. 43%, p � .03) with no increase in infectious complications.
Fan121 1994 I A randomized prospective study of 124 patients undergoing resection of hepatocellular carcinoma 

randomized to perioperative intravenous nutrition with 35% branched-chain amino acids, dextrose, 
and lipid (50% medium-chain triglycerides) for 14 days in addition to oral diet or control group 
(oral diet alone). Postoperative morbidity rate reduced in perioperative fed group (34% vs. 55%)
because of fewer septic complications (17% vs. 37%) and less deterioration of liver function as 
measured by indocyanine green. There were no significant differences in deaths although most of 
the benefit occurred in cirrhotic patients undergoing major hepatectomy.

Brennan122 1994 I A prospective, randomized trial of 117 moderately malnourished patients randomized to postoperative 
parenteral nutrition (n � 60, albumin � 3.1, 5.8% preoperative body weight loss) or standard i.v. 
fluids (n � 57, albumin � 3.3, 6.8% preoperative body weight loss). Complications were significantly 
greater in TPN-fed patients with a significant increase in intraabdominal abscess and major 
complications.

Heslin32 1997 I Of 195 well-nourished patients undergoing esophageal, gastric, pancreatic, or gastric resection 
randomized to jejunal feedings (n � 97; albumin 4.08 � 0.04 g/dl) or i.v. feedings (n � 98; albumin �
4.1 � 0.06 g/dl), no significant differences found in the number of major, minor, or infectious 
wound complications between groups and no difference in hospital mortality or length of stay. 
There was one small-bowel necrosis in the enterally fed group.

Doglietto123 1996 I Their 678 patients with normal or mild malnutrition undergoing major elective abdominal surgery 
randomized to protein-sparing therapy or no specialized nutrition had similar operative mortality 
rates and postoperative complication rate.

Watters124 1997 I Patients undergoing esophagectomy or pancreatoduodenectomy were randomized to postoperative 
early jejunal feedings (n � 13; albumin � 4.08 � 5 g/dl) or no enteral feeding (n � 15; 4.1 � 4 g/dl) 
during the first 6 postoperative days. Postoperative vital capacity and fractional expired volume 
were lower in the fed group and postoperative mobility was lower in the fed group in this well-
nourished group of patients at low risk of nutrition-related complications. This study was confounded 
by increased epidural anesthesia in the enterally fed group.

Daly55 1992 I Studied 85 patients randomized to standard (n � 44; albumin � 3.0 � 1.2 g/dl) vs. supplemented 
(n � 41; albumin � 3.3 g/dl) enteral diets with 77 eligible patients. Infectious and wound complications
(p � .02) and length of stay (p � .01) significantly shorter for supplemented group. Diets were not 
isonitrogenous.

Daly125 1995 I Studied 60 patients with upper gastrointestinal lesions requiring resection randomized to standard 
enteral diet (n � 30) or diet supplemented with arginine, omega-3 fatty acids, and nucleotides (n �
30). Patients were moderately malnourished with albumins less than 3.4. Length of stay and
infectious/wound complications significantly reduced (p � .05 for both) in supplemented group. 
Patients also randomized to jejunal feedings during radiation chemotherapy tolerated chemotherapy 
significantly better.

TPN, total parenteral nutrition.

TABLE 2.1.  
Perioperative and Early Feeding Studies with Substantial Number of Well-Nourished or Moderately Malnourished Patients.



sis while intracellular levels drop. As a substrate necessary
for proliferating cells, it serves as a primary fuel for cells lin-
ing the gastrointestinal tract as well as immunological
cells.42

Arginine promotes proliferating T cells after mitogen or
cytokine stimulation in vitro and serves as a precursor for ni-
tric oxide, nitrites, and nitrates, as well as putrescine, sper-
mine, and spermidine.43 Arginine also has beneficial effects
on cellular immunity, increases fibroblast proliferation in
wounds, and improves survival following injury and sep-
sis.44,45 Arginine also is a secretagogue for growth hormone,
insulin, prolactin, and glucagon.46

The polyunsaturated fatty acids induce immunological ef-
fects. Once released by phospholipases released in response
to stress, the end products of omega-6 fatty acid metabolism
result in increased levels of prostaglandin E2, thromboxane
A2, and leukotriene B4 of the 2- and 4-series prostaglandins
and leukotrienes. These end products inhibit killer cell ac-
tivity, antibody formation by immunological cells, and cell-
mediated immunity.47–49 Omega-3 polyunsaturated fatty
acids displace polyunsaturated omega-6 fatty acids in the
cell wall and, when released in response to the phospholi-
pases, are metabolized to the 3- and 5-series prostanoids
(prostaglandin PGI3, thromboxane A3, and leukotriene B5) via
the lipoxygenase pathway. In animal studies, these end prod-
ucts are neither proinflammatory nor immunosuppressive
and, in animal models, both reduce bacterial translocation and
mortality after burn injury and increase resistance to infection
while promoting cell-mediated immunity.50,51

Nucleotides provide RNA necessary for cell proliferation
and immune function, providing structural units for synthe-
sis of DNA and RNA. Deprivation of nucleotides depress 
T-helper-cell function and IL-2 production and increases mor-
tality following infection with Candida albicans or Staphy-
lococcus aureus.52,53

Branched-chain amino acids are a primary energy source
for muscle protein. Although clinical data do not substantiate
the effectiveness of branched-chain amino acid supplementa-
tion alone in improving clinical outcome, they have been 
incorporated as another element in some of the immune-
enhancing formulas.54

To date, several randomized, prospective studies compar-
ing the various immune-enhancing diets versus standard en-
teral diets in trauma, burn, or general surgical patients have
been published. Although there appears to be no benefit of
these specialty formulas in well-nourished patients following
elective surgery,32 several well-controlled prospective studies
suggest some benefit with these specialty formulas in high-
risk trauma and, perhaps, some general surgical patients. Al-
though not all studies compare isocaloric and isonitrogenous
formulas,55–58 there are enough current studies with matched,
controlled diets to support their use in severely injured
trauma patients.

Parenteral Feeding

Specialty parenteral formulas for hepatic failure, stress, and
sepsis have been tested using branched-chain amino acids,
different amino acid profiles, glutamine supplementation,
and variations in the carbohydrate versus lipid mixture. Only 
glutamine-containing formulas appear to show potential for

significant benefits from the published studies. Taking the
few published, randomized studies into account, it appears
that there may be some benefit of glutamine supplementa-
tion to the mucosal barrier to maintain normal permeability
and immunological defenses. These studies are limited to
small select populations and cannot be generalized to a
broader range of general surgical patients.

Nonprotein energy sources have also been studied in par-
enteral formulas.59–64 In patients receiving isocaloric, isoni-
trogenous parenteral solutions with varying concentrations
of glucose and fat, either source of nonprotein calories ap-
peared to produce similar effects on whole-body protein, ki-
netics, metabolic responses, and muscle protein degrada-
tion.59 At higher doses, glucose appears to be more effective
at suppressing gluconeogenesis than a high-fat diet.

Potential Mechanism for Reduced Infectious
Complications with Enteral Feeding

The reduced incidence of sepsis and multiple organ dysfunc-
tion syndrome with enteral feeding of critically ill patients
has become a focus of multiple investigations. Intravenous
nutrition or lack of enteral feeding in association with stress
is associated with bacterial translocation in animal models.65

Clinically, bacterial translocation occurs in certain clinical
setting such as bowel obstruction or hemorrhagic shock but
does not appear to correlate with the development of ex-
traintestinal infections.66

Significant changes in host defenses occur with parenteral
feeding. Within the gastrointestinal tract, changes in mucosal
architecture67,68 and increases in permeability69 have been
documented. A critical component of the mucosal barrier de-
fenses is the gut-associated lymphoid tissue, which lines all
moist mucosal surfaces and composes approximately 50% of
the body’s total immunity. This system appears to be ex-
quisitely sensitive to route and type of nutrition in the ani-
mal model.70,71 Naïve T cells and B cells produced within the
peritoneal cavity and bone marrow continually circulate
through the Peyer’s patches. If sensitized by antigens
processed by antigen-producing cells within the Peyer’s
patches, these cells migrate to the mesenteric lymph nodes
where they proliferate and are released into the thoracic duct.
They subsequently enter the vascular tree72 for delivery to
the lamina propria and intraepithelial spaces of the small in-
testine as well as the upper and lower respiratory tract.73 In
these sites, the sensitized B cells become IgA-producing
plasma cells while the sensitized T cells produce cytokines
that upregulate or downregulate IgA production.74 In addition
to IgA, defensins, lactoferrin, and other innate defenses as
well as mucin provide barriers to prevent attachment of bac-
teria to the mucosal surfaces. Intravenous parenteral nutri-
tion significantly reduces the size and effectiveness of the gut-
associated lymphoid tissue.71

Route of nutrient administration also affects peritoneal
defenses. With intravenous feeding, blunting of the im-
munological response within the peritoneal cavity is mani-
fested by reduced peritoneal immunological cell numbers, a
blunted tumor necrosis factor (TNF) response, and impaired
killing to a septic peritonitis with an increase in bacteremia
and systemic TNF levels.75
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Determining Dietary Requirements

There are certain issues common to both enteral or parenteral
feeding in determining the nutrient prescription. Standard
equations, such as the Harris–Benedict equation, multiplied
by correction factors are used to determine nutrient goals.
The use of indirect calorimetry, however, has shown that
stress and activity correction factors frequently lead to over-
estimates of nutrient needs.76,77 Increased oxygen consump-
tion, increased CO2 production, hepatic lipogenesis, im-
munosuppression, and other negative effects have been
documented with overfeeding.78,79 It is, thus, important to
provide appropriate amounts of each nutrient.

Energy Calculations

Estimated energy requirements must consider organ function,
body weight, and the clinical condition. Guidelines are noted
in Table 2.2. To determine body weight for these calculations,
actual body weight is appropriate for patients who are mal-
nourished and for euvolemic or well-nourished patients ex-
pected to have delayed oral intake. Overfeeding can result
when actual body weight is used to calculate injury require-
ments in obese patients, and an adjusted form should be used
to avoid overfeeding.80,81 [Adjusted body weight � ideal body
weight � 0.25 (actual � ideal body weight).] In cases of signif-
icant fluid overload, an estimated dry body weight should be
obtained by history from the patient or family.

Often the guideline calculations are compared with cal-
culations using the Harris–Benedict equation based on gen-
der, height, weight, and age to generate estimated body en-
ergy expenditure (BEE)82 (Table 2.3A). Recent data from
indirect calorimetry, however, have shown these correction
factors often lead to overestimates of energy expendi-
ture76,77,83 with a more appropriate correction factor being ap-
proximately 15% greater than the BEE. Indirect calorimetry
by portable metabolic carts uses expired gas analysis to de-
termine overall resting energy expenditure (REE). By mea-
suring carbon dioxide production (VCO2) and oxygen con-
sumption (VO2), these values are applied to the Weir equation
to determine REE. The metabolic rate in kilocalories as well
as protein, carbohydrate, and fat oxidation can be calculated
when the VO2 and VCO2 are combined with the urine urea
nitrogen84–86 (Table 2.3B).

The respiratory quotient (RQ) is the ratio of VCO2 to VO2,
and a characteristic RQ exists for each fuel being metabo-
lized: fat RQ � 0.7, glucose RQ � 1.0, and protein RQ � 0.8;
lipogenesis has an RQ of approximately 8. If the RQ of a pa-
tient is greater than 1, it is a strong indicator of overfeeding.

There are limitations to indirect calorimetry. In critically
injured patients who are mechanically ventilated, accuracy is

lost as the FiO2 increases because of potential measurement
errors between inspired and expired oxygen levels. A 1% 
measurement error in the inspired or expired VO2 in a patient
receiving an FiO2 of 0.8 produces a 100% error in VO2 calcu-
lation. Air leaks around tracheostomies, or through chest tubes,
for example, are not uncommon in patients with high FiO2 lev-
els and high positive end-expiratory pressures, which must be
recognized in individual patient measurements. Indirect
calorimetry is also labor intensive and requires dedicated per-
sonnel with defined protocols to provide reliable data.87

Because postsurgical patients usually have increases of
10% to 15% over the BEE calculated by the Harris–Benedict
equation,88,89 the current guidelines in Table 5.2 are adequate
for most patients. If 30 kcal/kg is provided to most hyper-
metabolic patients, approximately 90% of them will attain
their energy requirement, with minimal overfeeding in only
15% to 20%.90

Protein Requirements

The recommended daily allowance for protein intake in well-
nourished, healthy individuals is approximately 0.8 g/kg/day91

with each gram, providing 4.0 kcal/g. The recommended dose
of amino acids (or protein with enteral feeding) for stressed or
septic patients without renal dysfunction is 1.5 to 2 g/kg/day
because of increased protein catabolism.92,93 Although blood
urea nitrogen (BUN) may increase to 40 mg/dl in some pa-
tients, this is without adverse metabolic consequences.

In nonhypermetabolic patients who have existing malnu-
trition or who are at risk of developing starvation-induced
malnutrition, 1.0 to 1.5 g/kg/day of protein meets nutrient
needs. In burn patients, excessive urinary and wound losses
generally dictate administration of 2 to 2.5 g/kg/day. These
administered doses, however, may need to be reduced in pa-
tients with chronic or acute renal failure. Under these con-
ditions, it is prudent to provide 0.6 to 0.8 g of amino acids
or protein/kg/day before dialysis and increase the dose to 
1 to 1.2 g protein/kg/day once dialysis is instituted. The si-
multaneous administration with high caloric load (calorie/
nitrogen ratio, 300–350:1) will often slow increases in serum
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TABLE 2.2.   Energy and Protein Needs for Surgical Patients.

Condition Kcal/kg/day Protein/kg/day NPC:N

Normal to moderate (low stress) 1.0 150:1
malnutrition 25–30
Moderate stress 25–30 1.5 120:1
Hypermetabolic, stressed 30–35 1.5–2.0 90–120:1
Burns 35–40 2.0–2.5 90–120:1

TABLE 2.3.   Calculations Used to Determine Metabolic and 
Nutritional Parameters.

A. Male: BEE � 66 � (13.8 � W) � (5 � H) � (6.8 � A)
Female: BEE � 655 � (9.6 � W) � (1.85 � H) � (4.7 � A)
where W is the weight in kilograms, H is the height in cen-
timeters, and A is the age in years.

B. Protein oxidation (g/d) � 6.25 � UUN
Carbohydrate oxidation (g/d) � (4.12 � VCO2) � (2.91 � VO2) �
(2.56 � UUN)
Fat oxidation (g/d) � (1.69 � VO2) � (1.69 � VCO2) � (1.94 �
UUN)
If UUN is not available, MEE is calculated by

MEE (kcal/d) � (3.9 � VO2) � (1.1 � VCO2)
If UUN is available, the MEE is adjusted for protein metabo-
lism in the equation:

Adjusted MEE (kcal/d) � MEE � (2.17 � UNN)

C. Nitrogen balance ��
prote

6
in
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loads of urea, phosphate, and potassium, allowing delayed
dialysis.

Adequacy of protein administration may be assessed by a
determination of nitrogen balance (Table 2.3C) in a 24-h urine
collection. The UUN generally represents approximately 80%
of excreted nitrogen, and additional nitrogen losses are esti-
mated at 1 g/day.94 Accurate urine collection and accurate
records of protein intake determine the accuracy of this cal-
culated value.

Glucose

The maximal rate of glucose oxidation is 4 to 5 mg/kg/min
or approximately 7.2 g/kg/day. Total glucose administration
in intravenous fluids, parenteral nutrition, or enteral nutri-
tion should not exceed these levels.95–97 In a 70-kg man, these
needs are met by 2 l of 25% dextrose solution, providing 500
g of glucose. Blood sugar should ideally be maintained below
200 mg% whenever possible. It is suggested that infectious
complications are increased with high blood sugars.98,99 Ad-
ministration of the glucose in these doses provides approxi-
mately 50% to 60% of total caloric requirements. Hydrated
glucose in parenteral nutrition provides 3.4 kcal/g and oral
carbohydrates provide 4.0 kcal/g.

Fat Requirement

The balance of nonprotein caloric requirements may be met
by lipid infusion of approximately 1 g/kg/day. The maximum
adult dose of intravenous lipid is 2.5 g/kg/day.100 In an en-
teral form fat provides 9.1 kcal/g, whereas intravenous lipid
provides 10 kcal/g because of the additional energy obtained
from emulsifiers and glycerol. If overfeeding is suspected, to-
tal calories should be reduced. In patients with diabetes or re-
ceiving corticosteroids, high rates of fat administration may
control glucose but induce hyperlipidemia, cholestasis, and
perhaps immunosuppression.101,102

Intravenous lipid emulsion in the critically ill patient
should be limited to 1 g/kg/day if triglyceride levels are less
than 300 mg% and withheld in patients with hypertriglyc-
eridemia, particularly if values are greater than 500 mg/dl.98

There is no evidence that intravenous lipid emulsions aggra-
vate acute pancreatitis so long as hyperlipidemia is not the
cause of the pancreatitis and triglyceride levels are main-
tained in relatively normal ranges.

Organ System Complications of Overfeeding

PULMONARY FAILURE

Lipogenesis caused by overfeeding increases CO2 production but
rarely causes ventilator dependences in patients sustaining mul-
tiple trauma or sepsis. Under these conditions, failure to wean
is usually the result of the increased metabolic rate, pneumo-
nia, multiple rib fractures, pulmonary contusions, or sepsis.

HEPATIC FAILURE

Although the onset of hepatic failure generally carries a dis-
mal prognosis, excessive protein restriction should be
avoided. Intravenous amino acid solutions appear to be much
better tolerated than enteral delivery of protein.

Enteral Nutrition

Both clinical and economic considerations suggest the use of
the enteral route for feeding whenever possible.

Enteral Access

The majority of preoperative and postoperative patients tol-
erate intragastric feeding. Use of a polyurethane or silicone
small-bore nasogastric (NG) tube is much better tolerated
than large NG tubes. Small-bore tubes reduce the risk of com-
plications such as esophageal stricture, reflux, or necrosis of
the nasal alae. Styletted silicone tubes are particularly useful
in placement, and their location can be confirmed with aspi-
ration of gastric juice or confirmation via fluoroscopy or X-
ray. Simple air insufflation is probably inadequate to confirm
gastric placement because sounds transmitted from the left
lung or distal esophagus may be auscultated in the left upper
quadrant. In patients with an increased risk of aspiration due
to reflux, advancement of the tube beyond the ligament of
Treitz via endoscopic techniques or fluoroscopy may provide
additional protection. Occasionally, use of a double-lumen
tube allows gastric decompression as well as feeding beyond
the pylorus and, ideally, beyond the ligament of Treitz. Un-
fortunately, nasojejunal or nasogastric tubes are frequently
dislodged in uncooperative or confused patients, increasing
the cost and complexity in providing enteral nutrition. In
these situations, if laparotomy is not necessary, placement of
an endoscopic gastrostomy with direct intragastric feeding
may be preferable because it can be performed with minimal
mortality and morbidity (Fig. 2.1A–E). This technique is es-
pecially useful in patients who require long-term intragastric
feeding because of dysphagia or chronic neurological dys-
function after trauma or stroke but should be used with cau-
tion in patients with a history of previous esophageal reflux
and aspiration. Direct gastric feeding is not suggested in neu-
rologically impaired pediatric patients with recurrent pneu-
monia secondary to reflux. In these conditions, access distal
in the gastrointestinal tract or surgical correction of the re-
flux is advisable.103

Laparotomy provides an opportunity to gain access be-
yond the ligament of Treitz for direct small-bowel feeding.
Jejunostomies with direct small-bowel access using either a
large-bore (14-, 16-, or 18-French) tube or needle catheter je-
junostomies (5- and 7-French) allow direct administration of
tube feedings in patients expected to have gastroparesis for
a prolonged period of time. Needle catheter jejunostomies
are predictably useful for 3 to 4 weeks following injury. Ac-
cess points for all jejunostomies should be located at a site
with a long mesentery so that abdominal distension does
not tear the jejunostomy off the anterior abdominal wall as
a result of the tethering effect at the ligament of Treitz. A
loose Witzel tunnel should be constructed for a distance of
about 4 cm and the jejunostomy sutured lateral to the rec-
tus sheath with four to five sutures to minimize torsion or
volvulus.

Standard enteral diets including those with fiber can be
administered through both small- and large-bore needle
catheter jejunostomies,104 but protein supplement should not
be added to formulas nor should immune-enhancing diets be
used with a 5-French tube because of the risk of clogging.
Tubes should be flushed at least four times a day, and no med-
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ications should be administered via the tube because elixirs
containing these medications coagulate the enteral products
and clog the tubes rapidly. Needle catheter jejunostomies usu-
ally cannot be replaced once they are lost. Larger-bore
catheters can be replaced after 1 week and are more useful
for long-term requirements.

Anastomosis above the site of enteral access or in the mid-
or distal small bowel and colon provide no contraindication
to direct small-bowel feeding, and there is no evidence of in-
creased intraabdominal infection with small-bowel access in
patients with no other hollow viscus violation.105 Enteral
feeding is not contraindicated in acute pancreatitis so long as
nutrients are delivered beyond the ligament of Treitz.35–38,105

Short-gut syndrome, uncontrollable diarrhea, distal bowel ob-
struction, or upper GI hemorrhage are relative contraindica-
tions, however, to direct enteral feeding.

Initiation of Tube Feeding

Direct intragastric feeding should be attempted in most pa-
tients without direct enteral access. In burn patients, intra-
gastric feeding soon after admission prevents subsequent gas-
troparesis with a 95% success rate but must be started less
than 18 h following admission. The highest success rate oc-
curs when feedings are instituted within 6 to 8 h39,40; suc-
cess decreases to less than 50% when intragastric feeding is
instituted after 18 h.

Although gastric feedings can be administered as either bo-
lus or continuous infusions, jejunostomy feedings should be con-
tinuously infused although long-term nursing home patients
have been transitioned to bolus intrajejunal feeding over time.
Intragastric and intrajejunal feedings are started at 25 to 30 ml/h
and advanced over varying times to a goal meeting caloric and
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FIGURE 2.1.  A. The procedure for percutaneous endoscopic gas-
trostomy includes transillumination of the stomach and identifica-
tion of the needle insertion site. B. A needle is inserted into the 
stomach across the abdominal wall under direct vision. C. A guide-
wire passed through the lumen of the needle is grasped with a snare.

A.

B.

C.

D.

E.
D. The ensnared guidewire is removed via the mouth. E. The tapered
end of the gastrostomy tube is attached to the guidewire and pulled
out through the stomach and abdominal wall to seal the button end.
The external portion of the gastrostomy tube is then trimmed to fit
the patient’s body habitus as desired.



nutrient needs. With intragastric feeding, residuals are measured
every 4 h and tube feeding advanced by 25 ml/h if residuals re-
main below 100 to 150 ml/h. With intrajejunal feedings, signs
of intolerance include abdominal distension, diarrhea, and
cramping. Most commonly, intrajejunal feedings are increased
by 25 ml/h over 12- or 24-h increments to goal rate. Direct small-
bowel feedings should be discontinued if feedings reflux back
into the nasogastric tube, suggesting small-bowel intolerance.

Enteral Formulas

Choice of formula is determined by functional status of the
gastrointestinal tract, patient nutrient requirements and lim-
itations, or restrictions imposed by organ failure such as 
renal, hepatic, respiratory, or intestinal dysfunction. With an
intact GI tract and mucosa, formulas with complex proteins,
carbohydrates, and fats are well tolerated. Formulas that con-
tain lactose should be avoided in patients who have under-
gone recent starvation or have not been fed via the gastroin-
testinal tract for a prolonged period of time.

Categories of Enteral Feeding Formulations

STANDARD, ISOTONIC FORMULAS

These formulas contain an appropriate balance of carbohydrate,
protein, and fat (usually with a nonprotein calorie to nitrogen
ratio of approximately 150:1). The macronutrients require di-
gestion but provide adequate nutrition in a low volume with
low osmolality (approximately 300 mOsm/l) with a caloric den-
sity of 1.0 kcal/ml. Approximately 1500 to 2000 ml are nec-
essary daily to meet micronutrient requirements. These diets
are considered low residue because they do not contain fiber.
In general, these formulas are used in stable patients at risk of
starvation-induced malnutrition or those with existing states
of malnutrition who are neither stressed nor septic.

STANDARD FIBER-CONTAINING FORMULAS

These formulas are similar to the standard, isotonic products
but contain a combination of both soluble and insoluble fiber,
most often as soy polysaccharide. Fiber prolongs intestinal tran-
sit time, stimulates intestinal lipase activity, and provides the
substrate for short-chain fatty acid metabolism by intralumi-
nal bacteria.106 These formulas are tolerated even in critically
ill patients fed via needle catheter jejunostomies and appear to
reduce the incidence of diarrhea compared with chemically de-
fined diets. They do not occlude small-bore feeding catheters
when catheters are properly flushed, and often have a high pro-
tein content appropriate for critically ill patients.

SPECIALTY, “IMMUNE-ENHANCING” FORMULAS

Several products enriched in nutrients such as branched-chain
amino acids, glutamine, arginine, omega-3 fatty acids, nu-
cleotides, or beta-carotene have been studied in clinical popula-
tions. These formulas are nitrogen rich, given the supplemen-
tation with arginine or glutamine. The proposed clinical func-
tions of individual nutrients have been previously described.

HIGH-DENSITY FORMULAS

Patients requiring fluid restriction or very high calorie and pro-
tein requirements can benefit from formulas providing 1.5 to

2 kcal/ml. Smaller volumes are necessary to meet nutrient re-
quirements, but osmolality is higher than that of isotonic for-
mulas. Potential for diarrhea is greater, although in select pa-
tients nutrient needs can often be met with these formulas
that cannot be met with standard isotonic formulas.

HIGH-PROTEIN FORMULAS

To meet the high protein needs of severely stressed and in-
jured patients, formulas containing nonprotein calorie to ni-
trogen ratios of less than 125:1 are well suited for critically
ill patients. Both isotonic and nonisotonic formulas are avail-
able.

ELEMENTAL/PEPTIDE-BASED FORMULAS

The products in these formulas have been predigested com-
pared with formulas with intact micronutrients. Protein is
provided in the form of mono-, di-, or tripeptides, fat is pro-
vided with MCTs and LCTs, and complex carbohydrates are
limited. The fat content in some of these formulas is ex-
tremely low (less than 10% of total calories), which limits
their long-term usefulness. However, these products are more
readily absorbed in patients with maldigestion or malabsorp-
tion. In critically ill patients, these formulas should be started
at a lower rate (15–20 ml/h) and advanced more slowly or ini-
tially diluted with water to produce a more isotonic formula;
as rate increases, the concentration of these formulas can be
increased.

RENAL FAILURE FORMULAS

These products contain only essential amino acids or a high
ratio of essential to nonessential amino acids, and they are 
designed with a high calorie to nitrogen ratio to allow en-
dogenous synthesis of nonessential amino acids from urea 
nitrogen. These formulas also contain moderate to low con-
centrations of the intracellular electrolytes potassium, phos-
phorus, and magnesium to control serum levels. These for-
mulas are more expensive, and it is unclear whether there is
significant clinical benefit over standard mixes of crystalline
amino acids, but the restriction of electrolytes is often bene-
ficial and cannot be achieved with other enteral formulas.

Applications of Enteral Feeding

The most common complications of tube feeding include di-
arrhea,107,108 aspiration,109 vomiting, distension, metabolic ab-
normalities, and tube dislodgment. Aspiration can be mini-
mized by avoiding intragastric feeding in patients with severe
reflux and prior evidence of aspiration. Elevation of the pa-
tient’s bed by 30°, administration of prokinetic agents,110–113

or institution of feedings beyond the ligament of Treitz may
minimize these complications. Diarrhea occurs fairly fre-
quently in tube-fed patients. The use of fiber-containing di-
ets may reduce this incidence, providing substrates for the
colonocytes. Not uncommonly, simultaneous administration
of medications via the tube or use of antibiotics are the true
cause of diarrhea in enterally fed patients.114,115

Metabolic complications can be aggravated with enteral
nutrition. Hyperglycemia, hypophosphatemia, hyperkalemia
or hypokalemia, and hypomagnesemia are not uncommon in
postoperative patients who have preexisting nutritional defi-
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ciencies, renal failure, or diabetes mellitus requiring moni-
toring of fluid and electrolytes after institution of feeding.

Small-bowel necrosis and pneumatosis intestinalis have
been associated with direct small-bowel feedings. Although
the cause is unknown, speculation that inability to increase
blood flow to the splanchnic bed when products are delivered
into the small intestine may be one of the etiological factors.
Although spontaneous necrosis has also been noted in simi-
lar patients not receiving tube feedings, it is prudent to delay
jejunal feedings until hemodynamic stability is achieved and
there is evidence of adequate splanchnic perfusion (adequate
urine output). Intragastric feedings can be started in these con-
ditions because high gastric residuals will reflect the small-
bowel intolerance.

Parenteral Nutrition

Parenteral Access

Parenteral nutrient solutions with dextrose concentrations
greater than 10% are hypertonic and must be administered
into a large centrally located vein to avoid thrombophlebitis
and venous sclerosis associated with administration of these
hyperosmolar formulas. The superior vena cava is an ideal
site in which to administer concentrated parenteral nutrition
formulas. Infraclavicular transcutaneous puncture and can-
nulation of the subclavian vein usually accomplish access to
the superior vena cava. Access to the superior vena cava can
also be obtained by transcutaneous puncture of the external
jugular or internal jugular veins, but catheters that exit in the
neck are more difficult to care for, more uncomfortable for
many patients, and probably more likely to become infected.
Multiple lumen central venous catheters are usually inserted.
Catheter infection rates are the lowest when catheters to be
used for parenteral nutrition support are inserted under the
strictest sterile conditions including use of a hat, mask, gown,
and gloves.116,117 Currently, safe practice dictates that a chest
X-ray should be obtained to verify that the catheter tip is cen-

trally located before concentrated dextrose solutions are ad-
ministered. Once the line is inserted, at least one lumen
should be reserved solely for the administration of the par-
enteral formulation because multiuse catheters appear to
have higher infection rates.118

Access to the superior vena cava can also be obtained us-
ing catheters that are inserted peripherally in the upper ex-
tremity and threaded to the appropriate location. Such pe-
ripherally inserted central venous catheters, known by the
acronym PICC lines, offer the ability to obtain central venous
access without the risks associated with subclavian or jugu-
lar puncture. These lines can be used for several months and
are often used for hydration or other parenteral therapy for
home-bound patients.

Dedicated central venous access via the subclavian or
jugular veins may rarely be impossible to obtain, for exam-
ple, because of preexisting thrombosis or occlusion of the sub-
clavian or innominate veins or superior vena cava or anatom-
ical problems preventing safe puncture, or may be too risky,
especially in patients with refractory coagulopathies and pul-
monary insufficiency. In these circumstances, most institu-
tions favor a policy whereby the dextrose concentration of
parenteral nutrition solutions is limited to 15% or less.

Composition of Central and 
Peripheral Venous Solutions

The common macronutrients and their caloric densities and
functions are presented in Table 2.4. Access to a large central
vein is needed because these formulas usually have osmolar-
ities greater than or equal to 1900 mOsm/kg and administra-
tion of the solutions into peripheral veins causes throm-
bophlebitis and venous sclerosis (Table 2.5). When infused into
the central venous system, the nutrients are rapidly diluted to
near isotonicity and then metabolized. These solutions usu-
ally contain about 1 kcal/ml. Typically, 2 to 3 l are adminis-
tered over a 24-h period, thereby providing about 2000 to 3000
kcal/day. Occasionally, as for patients who will require home
parenteral nutrition support, it may be advisable and feasible

TABLE 2.4.   Caloric Densities, Sources, and Functions of the Major Macronutrients.

Macronutrient Common
(caloric density) sources Functions

Carbohydrate (3.4 kcal/g) Dextrose Essential fuels used by glycolytic tissues; normally the major or sole energy  
source for the central nervous system, peripheral nerves, red blood cells, and some 
phagocytes. During prolonged starvation, the glucose requirement of the brain 
decreases as adaptation to ketone oxidation occurs. Are used by tissues that 
oxidize fat (e.g., muscle) when carbohydrates are administered as the major fuel 
source. Maintain hepatic glycogen stores, which may protect hepatocytes during 
hypoxia or exposure to toxins.

Lipids (10 kcal/g) Polyunsaturated The most concentrated forms of energy. Stabilize, support, and protect vital structures.
long-chain Complex with fat-soluble molecules like some vitamins; are used as structural 
triglycerides from components in biological membranes.
soybean oil or a
safflower–soybean
oil mixture

Protein (4 kcal/gm) Crystalline amino Major structural component of the body. Some are essential (histidine, isoleucine, 
acids leucine, valine, methionine, cysteine, phenylalanine, tyrosine, threonine, tryptophan, 

and lysine) because they cannot be synthesized by the body. Others are nonessential
because they can be made from carbon and nitrogen precursors. Act as peptide 
hormones, enzymes, and antibodies. May join with carbohydrates to form
glycoproteins, to serve as plasma proteins and immune globulins, and components 
of connective tissue cell membranes and mucous secretions.



to administer the feeding solution over less than 24 h (a pro-
cedure known as cycling), if only to provide some time free
from intravenous infusion.

Peripheral nutritional alimentation solutions typically
have dextrose concentrations of 5%. Between 1000 and 1500
calories can be administered using this method, and the vol-
ume of fluid required to administer these calories is usually
greater than 2 l/day. In contrast to the case central venous al-
imentation solutions, in which the substrate mixture is pre-
dominantly composed of carbohydrate, most of the calories
from peripheral parenteral nutrition solutions are derived
from fat. Peripheral nutritional prescriptions typically provide
approximately 30% of calories as carbohydrate, 20% as pro-
tein, and at least 50% of calories as fat.

Peripheral parenteral nutrition is usually undesirable for
several reasons. First, there is no evidence that this improves
outcomes or significantly decreases nitrogen losses when it does
not closely approximate a patient’s energy needs. Second, the
high-fat content typically administered as part of peripheral par-
enteral nutrition regimens may impair reticuloendothelial cell
function and, therefore, immune responsiveness.118

Parenteral alimentation solutions are prepared by a phar-
macist and typically combine 500 ml of 50% dextrose with
500 ml of a 10% to 15% amino acid mixture. Lipids should
contribute no more than 30% of the total calories adminis-
tered in nearly all circumstances. A typical prescription
would administer 2 l of this standard solution each day. Ad-
ministration of 500 ml of 20% fat emulsion for 1 day each
week is sufficient to prevent essential fatty acid deficiency. 

Once the basic solution is created, electrolytes are added as
needed (Table 2.6). Sodium or potassium salts are given as chlo-

ride or acetate according to the requirements of the individual
patient. Normally, equal amounts of chloride and acetate are
provided. However, if chloride losses from the body are in-
creased, such as may occur in patients who have nasogastric
tubes, then most of the salts should be given as chloride. Sim-
ilarly, more acetate should be given to patients when additional
base is required because acetate generates bicarbonate when it
is metabolized. Sodium bicarbonate is incompatible with par-
enteral nutrition solutions and so cannot be added to the mix-
ture. Phosphate may be given as the sodium or potassium salt.
Lipid emulsions contain an additional 15 mmol/l of phosphate.

Commercially available preparations of vitamins, miner-
als, and trace elements are added to the nutrient mix unless
they are contraindicated. Both fat- and water-soluble vitamins
should be given.

Trace element preparations that include zinc, copper,
manganese, and chromium are added to the parenteral nutri-
tion solution in amounts consistent with the AMA guide-
lines; 60 pg of selenium are also given daily. Because copper
and manganese are excreted in the biliary tract, the dosages
of these micronutrients should be modified or eliminated in
patients with significant liver disease or biliary obstruction.
Iron is not given to the critically ill because hyperferremia
can increase bacterial virulence, after polymorphonuclear cell
function, and increase host susceptibility to infection.119

Initiation and Maintenance of 
Infusion: Patient Monitoring

All patients should be metabolically and hemodynamically sta-
ble before parenteral nutrition support is begun. It is impera-
tive that patients are provided adequate vitamins and trace el-
ements while receiving parenteral nutrition.

Typically, one initiates parenteral nutrition with up to 2
l of the nutrient solution and 500 kcal as lipid. However, it
may be advisable to start with 1 l of parenteral nutrition and
then to increase the volume as indicated. Blood glucose con-
centrations should be less than 200 mg/dl, and abnormal elec-
trolyte levels should be corrected, especially potassium, 
phosphate, and magnesium, before starting or advancing to
the goal nutritional prescription. Obviously, patients with 
diabetes mellitus may need to be advanced more slowly to
prevent severe glucose intolerance. Lipid can be infused as an
alternative fuel source to fulfill energy requirements without
increasing the glucose infusion rate. The solutions should be
administered using a volumetric pump set at a constant rate
up to the levels previously specified. It is important not to
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TABLE 2.5.   Central Parenteral Nutrition.

Central Peripheral

Daily calories 2000–3000 1000–1500
Protein Variable 56–87 grams
Volume of fluid required 1000–3000 ml 2000–3500 mL
Duration of therapy 	7 days 5–7 days
Route of administration Dedicated central Peripheral vein or multi-use 

venous catheter central catheter
Substrate profile 55%–60% carbohydrate 30% carbohydrate

15%–20% protein 20% protein
25% fat 50% fat

Osmolarity �2000 mOsm/l �600–900 mOsm/L

TABLE 2.6.   Electrolyte Concentrations in Parenteral Nutrition.

Recommended Recommended Usual
central peripheral range of

Electrolyte PN doses PN doses doses

Potassium (mEq/l) 30 30 0–120 (CVL)
0–80 (PV)

Sodium (mEq/l) 30 30 0–150
Phosphate (mmol/l) 15 5 0–20
Magnesium (mEq/l) 5 5 0–16
Calcium (mEq/l) 4.7 4.7 0–10
(as gluconate)
Chloride (mEq/l) 50 50 0–150
Acetate (mEq/l) 40 40 0–100

CVL, central venous line; PV, peripheral vein.
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modify the infusion rate during any given day to try to com-
pensate for excess or inadequate administration of the par-
enteral nutritional solution. A cyclic schedule (8–16 h/day)
for patients requiring long-term parenteral nutrition can be
initiated once the patient is metabolically stable. Cycling
should be done gradually, and the last hour of infusion should
be tapered to one-half the maintenance infusion rate to pre-
vent rebound hypoglycemia.

Before central parenteral alimentation is discontinued, the
volume of infusion should be decreased by at least half to
avoid adverse effects that may occur secondary to relative hy-
perinsulinemia if the body is not allowed sufficient time to
equilibrate. In emergency situations when the central par-
enteral nutrition solution must be suddenly discontinued,
10% dextrose should be given at the same infusion rate as
was used for the parenteral nutrition unless there is severe
hyperglycemia. When patients who are receiving parenteral
nutrition require surgical operation, one can continue to ad-
minister the solution through the procedure but decreasing

the infusion rate may make circulating glucose and elec-
trolyte levels easier to control—especially in patients with
glucose intolerance or other severe organ dysfunction.

During the initiation of central parenteral nutrition, serum
chemistries must be monitored frequently. Once the patient
has stabilized on his or her individual nutritional prescription,
blood samples should be obtained at least twice weekly to
measure chloride, CO2, potassium, sodium, blood urea nitro-
gen (BUN), creatinine, calcium, and phosphate levels, and once
weekly for liver function tests, albumin, total protein, uric
acid, magnesium, and triglyceride levels. Patients should be
weighed each day on the same scale. Urine or blood should
be tested for sugar and acetone every 6 h initially and until
blood glucose concentrations are stable. Electrolytes and other
medications should only be added by the pharmacist when the
parenteral nutrition solution is prepared.

Numerous common metabolic abnormalities may arise
during the course of parenteral (or enteral) nutrition. Several
of these are outlined in Table 2.7.

TABLE 2.7.   Possible Etiologies and Treatment of Common Complications of Central Parenteral Nutrition.

Problem Possible Etiology Treatment

Glucose
Hyperglycemia, Excessive dose or rate of infusion; Decrease the amount of glucose given; increase insulin;
glycosuria, hyperosmolar inadequate insulin production; steroid administer a portion of calories as fat
nonketotic dehydration administration; infection
or coma
Diabetic ketoacidosis Inadequate endogenous insulin production Give insulin; decrease glucose intake

and/or inadequate insulin therapy
Rebound hypoglycemia Persistent endogenous insulin production Give 5%–10% glucose before total parenteral infusion 

by islet cells after long-term high is discontinued
carbohydrate infusion

Hypercarbia Carbohydrate load exceeds the ability to Limit glucose dose to 5 mg/kg/min. Give greater 
increase minute ventilation and excrete percentage of total caloric needs as fat (up to 30%–40%)
excess CO2

Fat
Hypertriglyceridemia Rapid infusion; decreased clearance Decrease rate of infusion; allow clearance (�12 h) 

before testing blood
Essential fatty acid Inadequate essential fatty acid administration Administer essential fatty acids in doses of 4%–7% of
deficiency total calories

Amino acids
Hyperchloremia Excessive chloride content of amino acid Administer Na� and K� as acetate salts
metabolic acidosis solutions
Prerenal azotemia Excessive amino acids with inadequate Reduce amino acids; increase the amount of glucose 

caloric supplementation calories

Miscellaneous
Hypophosphatemia Inadequate phosphorus administration with Give 15 mm phosphate/1000 i.v. kcal;

redistribution into tissues evaluate antacid and Ca2� administration
Hypomagnesemia Inadequate administration relative to Administer Mg2� (15–20 mEq/1000 kcal)

increased losses (diarrhea, diuresis, 
medications)

Hypermagnesemia Excessive administration; renal failure Decrease Mg2� supplementation
Hypokalemia Inadequate intake relative to increased Increase K� supplementation

needs for anabolism; diuresis
Hyperkalemia Excessive administration, especially in Reduce or stop exogenous K�; if EKG changes are 

metabolic acidosis; renal decompensation present, treat with Ca gluconate, insulin, diuretics
Hypocalcemia Inadequate administration; reciprocal Increase Ca2� dose

response to phosphorus repletion without
simultaneous calcium infusion

Hypercalcemia Excessive administration; excess vitamin D Decrease Ca2� and/or vitamin D administration
administration

Elevated liver transaminases Enzyme induction secondary to amino acid Reevaluate nutritional prescription
or serum alkaline imbalances or overfeeding
phosphatase and bilirubin
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Parenteral Nutrition for Patients 
with Abnormal Organ Function

DIABETES MELLITUS

In the insulin-dependent patient, the same amount of insulin
that would normally be taken is added to the parenteral nu-
trition solution on the first day. Because as much as one-half
of the insulin given binds to the container and intravenous
tubing, the insulin given in this manner is almost always an
underestimate of actual requirements. For example, if a pa-
tient’s normal dose of regular insulin is 40 U/day for a 2000-
kcal diet, then 20 U should be added to a parenteral nutrition
solution of 1000 kcal. Thereafter, blood glucose concentra-
tions obtained by finger-stick or blood sampling are deter-
mined every 6 h, and a sliding scale for subcutaneous regu-
lar insulin is used to provide supplementary insulin doses as
needed. For the next day, one-half or all the insulin given on
the previous day according to the sliding scale is added to the
parenteral nutrition solution, depending on the level of con-
trol that is required.

For nondiabetic patients who develop hyperglycemia, a
similar procedure is used whereby a sliding scale estimates
the amount of insulin that is needed to maintain blood glu-
cose levels below 200 mg/dl, and one-half this amount is then
added to the next day’s parenteral nutrition orders.

ACUTE RENAL FAILURE

In general, most patients with acute renal failure are cata-
bolic with elevated energy requirements. Calories should be
provided in sufficient quantities to minimize protein degra-
dation. Traditionally, formulas designed for renal failure con-
tained predominantly essential amino acids. However, the
provision of nonessential amino acids may enhance protein
synthesis and nitrogen retention. A balance of fat and carbo-
hydrate should be provided. Lipid emulsions can be used as
a source of concentrated energy in the patients who are fluid
restricted. The contribution of fat to the total caloric intake
should be no more than 30% while the remainder of the
caloric requirements is provided by glucose.

Fluid and electrolyte balances are often impaired in pa-
tients with acute renal failure. Potassium, phosphate, and
magnesium levels must be monitored carefully and should be
added to parenteral nutrition if blood levels fall. Acetate salts
of potassium or sodium can be administered to help correct
a metabolic acidosis. Standard doses of the water-soluble vi-
tamins and additional folic acid (1 mg/day total) should be
added to the solution of patients who are undergoing dialysis
because these substances are lost from the body in the
dialysate bath. The supplementation of fat-soluble vitamins
is usually not required, especially in patients who are also
eating, because excretion is reduced in renal failure. In anuric
patients, trace elements are not added to the nutrient solu-
tions. However, for patients who require prolonged parenteral
nutrition support and are dialyzed, trace elements and fat-sol-
uble vitamins should be replaced. The various ultrafiltration
techniques are also associated with highly variable but in-
creased amino acid losses in the dialysate. In these instances,
additional protein may be required to meet the patient’s es-
timated needs. However, a portion of the patient’s nonpro-
tein calorie needs may be met by the dextrose contained in
replacement solutions.

HEPATIC DYSFUNCTION AND LIVER FAILURE

Protein intake for patients with stable chronic liver disease
depends on the patient’s nutritional status and protein toler-
ance. Nutritionally depleted patients may require as much as
1.5 g of protein per kilogram estimated dry weight. However,
protein intake may need to be decreased in patients with liver
failure and encephalopathy. Protein-sensitive encephalo-
pathic patients should be given 0.5 to 0.7 g protein per kilo-
gram per day and increased gradually to 1.0 to 1.5 g/kg/day if
possible.

Fluid restriction may be necessary in some patients with
ascites and edema. In this instance the concentration of dex-
trose can be increased to maintain the amount of calories ad-
ministered as carbohydrate. The amount of sodium given is re-
duced because these patients excrete nearly sodium-free urine.
Administration of trace elements is often contraindicated be-
cause a major route of excretion for these substances, such as
copper and manganese, is via the biliary system. Zinc defi-
ciency is common in cirrhotic patients, and supplementation
of this mineral may be necessary, especially if there are ex-
cessive gastrointestinal losses.

Common Complications and Their Management

CATHETER SEPSIS

Catheter sepsis is a very serious complication associated with
central venous alimentation. Primary catheter sepsis occurs
when there are signs and symptoms of infection and the in-
dwelling catheter is the only anatomical focus of infection.
Secondary catheter infections are associated with another fo-
cus or multiple infectious foci that cause bacteremia and seed
the catheter.

Management of the patients with catheter infection de-
pends on their clinical condition. If extremely ill patients with
high fevers are hypotensive or have local signs of infection
around the catheter site, the catheter should be removed, its
tip cultured, and peripheral and central venous blood cultures
obtained. In primary catheter sepsis, signs and symptoms
should return to normal quickly. The organisms that grow
from the catheter tip are the same as the ones that are iden-
tified in peripheral blood culture. Usually, more than 1 � 103

organisms are grown from cultures of the catheter tip.
Specific therapy should be initiated against the primary

source in patients in whom a source of infection other than
the catheter tip is present. If a secondary source is not iden-
tified and the symptoms persist, the catheter should be re-
moved and its tip should be cultured. If the catheter tip cul-
ture returns positive or if the index of suspicion is high,
appropriate antibiotic therapy is initiated. Central venous
feeding can be resumed, maintaining blood glucose levels be-
low 200 mg/dl.

OTHER COMPLICATIONS

Prolonged administration of parenteral nutrition may result in
altered hepatic function tests and changes in liver pathologi-
cal conditions that can lead to liver failure. Initially (1–2 weeks
after initiation of parenteral nutrition), serum transaminases
may be elevated. These abnormalities frequently resolve with-
out any change in the composition or rate of parenteral nutri-
tion administration. However, in patients receiving long-term
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parenteral nutrition (�20 days), serum transaminases levels
may remain elevated, even after parenteral nutrition support
is discontinued. Serum levels of alkaline phosphatase and
bilirubin may also increase in some patients who receive long-
term parenteral nutrition. Patients who do not receive some
lipid as part of their parenteral nutrition may have more fre-
quent and severe hepatic abnormalities. The provision of ex-
cess glucose increases insulin secretion, which stimulates he-
patic lipogenesis and results in hepatic fat accumulation. Fatty
infiltration is the initial histopathological change; it is readily
reversible and may not be accompanied by altered liver func-
tion. Longer parenteral nutrition therapy may be associated
with cholestasis and nonspecific triaditis and may progress to
active chronic hepatitis, fibrosis, and eventual cirrhosis. The
management of parenteral nutrition-related liver dysfunction
is summarized in Table 2.7.

References
1. Wolfe BM, Mathiesen KA. Clinical practice guidelines in nutri-

tion support: can they be based on randomized clinical trials? J
Parenter Enteral Nutr 1997;27(1):1–6.

2. Eddy DM. Health system reform: will controlling costs require
rationing services? JAMA 1994;272:324–328.

3. Eddy DM. Principles for making difficult decision in difficult
times. JAMA 1994;271:1792–1798.

4. Wolfe BM, Ryder MA, Nishikawa RA, et al. Complications of
parenteral nutrition. Am J Surg 1986;152:93–99.

5. Kudsk KA, Minard G. Enteral nutrition. In: Zaloga GP, ed. Nu-
trition in Critical Care. St. Louis: Mosby, 1994:331–360.

6. Nightingale JMD, Lennard-Jones JE, Walter ER, et al. Jejunal ef-
flux in the short bowel syndrome. Lancet 1990;336:765–768.

7. Gouttebel MC, Saint-Aubert B, Astre C, et al. Total parenteral
nutrition needs in different types of short bowel syndrome. Dig
Dis Sci 1986;31:718–725.

8. Howard L, Anent M, Fleming CR, et al. Current use and clini-
cal outcome of home parenteral and enteral nutrition therapy in
the United States. Gastroenterology 1995;109:355–365.

9. Winsor JA, Hill GL. Risk factors for postoperative pneumonia:
the importance of protein depletion. Ann Surg 1988;208:209–214.

10. King BK, Blackwell AP, Minard G, et al. Predicting patient out-
come using preoperative nutritional markers. Surg Forum 1997;
48:592–595.

11. Kudsk KA. Dear Miss Milk Toast (1998 Presidential Address—
ASPEN). J Parenter Enteral Nutr 1998;22:191–198.

12. Pannen BHJ, Robotham JL. The acute-phase response. New Hori-
zons 1995;3:183–197.

13. Rothchild MA, Oratz M, Schreiber SS. Albumin synthesis. N
Engl J Med 1972;286:748–757.

14. Jeejeebhoy KN. Assessment of nutritional status. In: Rombeau
JL, Caldwell MD, eds. Clinical nutrition: enteral and tube feed-
ing. Philadelphia: Saunders, 1990:118–126.

15. Blackburn GL, Bistrian BR, Maini BS, et al. Nutritional and
metabolic assessment of the hospitalized patient. J Parenter En-
teral Nutr 1977;1:11–22.

16. Buzby GP, Mullen JL, Mathews DC, et al. Prognostic nutritional
index in gastrointestinal surgery. Am J Surg 1980;139:160–167.

17. Niederman MS, Mantivonni R, Schoch P, et al. Patterns and
routes of tracheobronchial colonization in mechanically venti-
lated patients. Chest 1989;95:155–161.

18. Ingenbleek Y, Carpentier YA. A prognostic inflammatory and
nutritional index scoring critically ill patients. Int J Vitam Nutr
Res 1984;55:91–101.

19. Detsky AS, McLaughlin JR, Baker JP, et al. What is subjective
global assessment of nutritional status? J Parenter Enteral Nutr
1987;11:8–13.

20. Pikul J, Sharp MD, Lowndes R, et al. Degree of preoperative mal-
nutrition is predictive of postoperative morbidity and mortality
in liver transplant patients. Transplantation (Baltimore) 1994;57:
469–471.

21. Enia G, Sicuso C, Alati G, et al. A subjective global assessment
of nutrition in dialysis patient. Nephrol Dial Transplant 1993;
8:1094–1098.

22. Klein S, Kinney J, Jeejeebhoy K, et al. Nutrition support in clin-
ical practice: review of published data and recommendations for
future research directions. J Parenter Enteral Nutr 1997;21(3):
133–156.

23. Moore EE, Jones TN. Benefits of immediate jejunostomy feed-
ing after major abdominal trauma—a prospective, randomized
study. J Trauma 1986;26:874–879.

24. Moore FA, Moore EE, Jones TN, et al. TEN versus TPN fol-
lowing major abdominal trauma—reduced septic morbidity. J
Trauma 1989;29:916–923.

25. Kudsk KA, Croce MA, Fabian TC, et al. Enteral versus parenteral
feeding. Effects on septic morbidity after blunt and penetrating
abdominal trauma. Ann Surg 1992;215:503–511.

26. Kudsk KA, Minard G, Croce MA, et al. A randomized trial of
isonitrogenous enteral diets after severe trauma. An immune-
enhancing diet reduces septic complications. Ann Surg 1996;
224:531–540.

27. Grahm TW, Zadrozny DB, Harrington T. The benefits of early
jejunal hyperalimentation in the head-injured patient. Neuro-
surgery (Baltim) 1989;25:729–735.

28. Rapp RP, Young B, Twym D, et al. The favorable effect of early
parenteral feeding on survival in head injured patients. J Neu-
rosurg 1983;58:906–911.

29. Hadley MN, Grahm TW, Harrington T, et al. Nutritional sup-
port in neurotrauma: a critical review of early nutrition in 45
acute head injury patients. Neurosurgery (Baltim) 1986;19:367–
373.

30. Young B, Ott L, Twyman D, et al. The effect of nutritional sup-
port on outcome from severe head injury. Neurosurgery (Baltim)
1987;67:668–676.

31. Borzotta AP, Penning S, Papasadero B, et al. Enteral vs parenteral
nutrition after severe closed head injury. J Trauma 1994;37:459–
468.

32. Heslin MJ, Latkany L, Leung D, et al. A prospective, random-
ized trial of early enteral feeding after resection of upper gas-
trointestinal malignancy. Ann Surg 1997;226:567–577.

33. Gonzalez-Huix F, Fernandez-Banares F, Esteve-Comas M, et al.
Enteral versus parenteral nutrition as adjunct therapy in acute
ulcerative colitis. Am J Gastroenterol 1993;88:227–232.

34. Gonzalez-Huix F, de Leon R, Fernandez-Banares F, et al. Poly-
meric enteral diets as primary treatment of active Crohn’s dis-
ease: a prospective steroid controlled trial. Gut 1993;34:778–782.

35. McClave SA, Greene LM, Snider HL, et al. Comparison of the
safety of early enteral nutrition versus parenteral nutrition in
mild acute pancreatitis. J Parenter Enteral Nutr 1997;21:14–20.

36. Ragins H, Levenson SM, Signer R, et al. Intrajejunal adminis-
tration of an elemental diet at neutral pH avoids pancreatic stim-
ulation. Am J Surg 1973;126:606–614.

37. Stabile BE, Borzatta M, Stubbs RS. Pancreatic secretory re-
sponses to intravenous hyperalimentation and intraduodenal el-
emental and full liquid diets. J Parenter Enteral Nutr 1984;8:
377–380.

38. Bodoky G, Haranyi L, Pap A, et al. Effect of enteral nutrition in
exocrine pancreatic function. Am J Surg 1991;161:144–148.

39. Raff T, Hartmann B, Germann G. Early intragastric feeding of
seriously burned and long-term ventilated patients: a review of
55 patients. Burns 1997;23:19–25.

40. McDonald WS, Sharp CW Jr, Deitch EA. Immediate enteral feed-
ing in burn patients is safe and effective. Ann Surg 1991;213:
177–183.

41. Jones TN, Moore FA, Moore EE, et al. Gastrointestinal symp-



2 6 CHAPTER 2

toms attributed to jejunostomy feeding after major abdominal
trauma—a critical analysis. Crit Care Med 1989;17:1146–1150.

42. Souba WW, Smith RJ, Wilmore DW. Glutamine metabolism by
the intestinal tract. J Parenter Enteral Nutr 1985;9:608–617.

43. Kirk SJ, Barbul A. Role of arginine in trauma, sepsis, and im-
munity. J Parenter Enter Nutr 1990;14:226S.

44. Saito H, Trocki O, Wang S-L, et al. Metabolic and immune ef-
fects of dietary arginine supplementation after burns. Arch Surg
1987;122:784–789.

45. Gianotti L, Alexander JW, Pyles T, et al. Arginine-supplemented
diet improves survival in gut-derived sepsis and peritonitis by
modulating bacterial clearance. Ann Surg 1993;217:644–654.

46. Barbul A. Arginine: biochemistry, physiology, and therapeutic
implications. J Parenter Enteral Nutr 1986;10:227–238.

47. Kinsella JE, Lokesh B, Broughton S, Whelan J. Dietary polyun-
saturated fatty acids and eicosanoids: potential effect on the
modulation of inflammatory and immune cells: an overview.
Nutrition 1990;6:24–44.

48. Peck MD. Omega-3 polyunsaturated fatty acids: benefit or harm
during sepsis: New Horiz 1994;2:230–236.

49. Gurr MI. The role of lipids in the regulation of the immune sys-
tem. Prog Lipid Res 1983;22:257–263.

50. Alexander JW, Saito H, Trocki O, et al. The importance of lipid
type in the diet after burn injury. Ann Surg 1986;204:1–8.

51. Mascioli E, Leader L, Flores E, et al. Enhanced survival to en-
dotoxin in guinea pigs fed IV fish oil emulsions. Lipids 1988;23:
623–625.

52. Van Buren CT, Kim E, Kulkarni AD, et al. Nucleotide-free diet
and suppression of immune response. Transplant Proc 1987;19:
57–59.

53. Fanslow WC, Kulkarni AD, Van Buren CT, et al. Effect of nu-
cleotide restriction and supplementation on resistance to supple-
mental murine candidiasis. J Parenter Enteral Nutr 1988;12:49–52.

54. Naylor CD, O’Rourke K, Detsky AS, et al. Parenteral nutrition
with branched-chain amino acids in hepatic encephalopathy. A
meta-analysis. Gastroenterology 1989;97:1033–1042.

55. Daly JM, Lieberman MD, Goldfine J, et al. Enteral nutrition with
supplemental arginine, RNA, and omega-3 fatty acids in patients
after operation: immunologic, metabolic, and clinical outcome.
Surgery (St. Louis) 1992;112:56–67.

56. Moore FA, Moore EE, Kudsk KA, et al. Clinical benefits of an
immune-enhancing diet for early postinjury enteral feeding. J
Trauma 1994;37:607–615.

57. Schilling J, Vranjes N, Fierz W, et al. Clinical outcome and im-
munology of postoperative arginine, omega-3 fatty acids, and nu-
cleotide-enriched enteral feeding: a randomized prospective
comparison with standard enteral and low calorie/low fat i.v.
solutions. Nutrition 1996;12:423–429.

58. Saffle JR, Wiedke G, Jennings K, et al. A randomized trial of 
immune-enhancing enteral nutrition in burn patients. J Trauma
1997;42:793–802.

59. Smith RC, Mackie W, Kohlhardt SR, Kee AJ. The effect on pro-
tein and amino acid metabolism of an intravenous nutrition reg-
imen providing seventy percent of nonprotein calories as lipid.
Surgery (St. Louis) 1992;111:12–20.

60. de Chalain TM, Mitchell WL, O’Keefe SJ, et al. The effect of fuel
source on amino acid metabolism in critically ill patients. J Surg
Res 1992;52:167–176.

61. Chassard D, Guiraud M, Gauthier J, et al. Effects of intravenous
medium-chain triglycerides on pulmonary gas exchanges in me-
chanically ventilated patients. Crit Care Med 1994;22:248–251.

62. Kohlhardt SR, Smith RC, Kee AJ. Metabolic response to a high-
lipid, high-nitrogen peripheral intravenous nutrition solution af-
ter major upper-gastrointestinal surgery. Nutrition 1994;10:317–
326.

63. Roulet M, Frascarolo P, Pilet M, et al. Effects of intravenously
infused fish oil on platelet fatty acid phospholipid composition

and on platelet function in postoperative trauma. J Parenter En-
teral Nutr 1997;21:296–301.

64. Tappy L, Schwarz JM, Schneiter P, et al. Effects of isoenergetic
glucose-based or lipid-based parenteral nutrition on glucose me-
tabolism, de novo lipogenesis, and respiratory gas exchanges in
critically ill patients. Crit Care Med 1998;26:813–814.

65. Deitch EA. Does the gut protect or injure patients in the ICU?
Perspect Crit Care 1988;1:1–31.

66. Moore FA, Moore EE, Poggetti R, et al. Gut bacterial transloca-
tion via the portal vein: a clinical perspective with major torso
trauma. Trauma 1991;31:629–638.

67. Johnson LR, Copeland EM, Dudrick SJ, et al. Structural and hor-
monal alterations in the gastrointestinal tract of parenteral fed
rats. Gastroenterology 1975;68:1177–1183.

68. Levine GM, Derin JJ, Steiger E, et al. Role of oral intake in main-
tenance of gut mass and disaccharide activity. Gastroenterology
1974;67:975–982.

69. Purandare S, Offenbartl K, Westrom B, et al. Increased gut per-
meability to fluorescein isothiocyanate—dextran after total par-
enteral nutrition in rat. Scand J Gastroenterol 1989;24:678–682.

70. McGhee JR, Mestecky J, Dertzbaugh MT, et al. The mucosal
immune system: from fundamental concepts to vaccine devel-
opment. Vaccine 1992;10:75–88.

71. Li J, Kudsk KA, Gocinski B, et al. Effects of parenteral nutrition
on gut-associated lymphoid tissue. J Trauma 1995;39:44.

72. Brandgtzaeg P, Halstensen TS, Kett K, et al. Immunobiology and
immunopathology of human gut mucosa: humoral immunity
and intraepithelial lymphocytes. Gastroenterology 1989;97:
1562–1578.

73. Svanborg C. Bacterial adherence and mucosal immunity. In:
Ogra PL, Lamm ME, McGhee JR, Mestecky J, Strober W, Bi-
enenstock J, eds. Handbook of Mucosal Immunology. San Diego:
Academic Press, 1974:71–78.

74. Tomasi TB Jr. Mechanisms of immune regulation at mucosal
surfaces. Rev Infect Dis 1983;5:S784.

75. Lin M-T, Saito H, Fukushima R, et al. Route of nutritional sup-
ply influences local, systemic, and remote organ responses to in-
traperitoneal bacterial challenge. Ann Surg 1996;223:84–93.

76. Hunter DC, Jaksik T, Lewis D, et al. Resting energy expendi-
ture in the critically ill: estimations versus measurement. Br J
Surg 1988;75:875–878.

77. Hwang T-L, Hwang S-L, Chen M-F. The use of indirect col-
orimetry in critically ill patients—relationship with measured
energy expenditure to injury severity score, a septic severity
score, and Apache II score. J Trauma 1993;34:247–251.

78. Talpers SS, Romberger DJ, Bunce SB, et al. Nutritionally associ-
ated increased carbon dioxide production. Excess total calories vs
high proportion of carbohydrate calories. Chest 1992;102:551–555.

79. Lowry SF, Brennan MF. Abnormal liver function during par-
enteral nutrition: relation to infusion excess. J Surg Res 1979;26:
300–307.

80. Choban PS, Burge JC, Flancbaum L. Nutrition support of obese
hospitalized patients. Nutr Clin Prac 1997;12:149–154.

81. Cicci A, Sunyecz LA, Mirtallo J, et al. A standardized system
for assessment and delivery of nutrition support in a large teach-
ing hospital. Nutr Clin Pract 1992;7:271–278.

82. Harris JA, Benedict FG. A biometric study of basal metabolism
in man. Publication 279. Washington, DC: Carnegie Institution,
1919.

83. Garrel DR, Jobin N, deJonge LHM. Should we still use the Har-
ris and Benedict equations. Nutr Clin Pract 1996;11:99–103.

84. Wilmore DW. The Metabolic Management of the Critically Ill.
New York: Plenum Press, 1977.

85. Watters JM, Van Woert JH, Wilmore DW. Metabolism and nu-
trition. In: Greenfield LJ, Mulholland MW, Oldham KT, Zele-
nock GB, eds. Surgery: Scientific Principles and Practice.
Philadelphia: Lippincott, 1993:38–85.



86. Weir JB de V. New methods for calculating metabolic rate with
special reference to protein metabolism. J Physiol (Camb) 1949;
109:1–9.

87. Campbell SM, Kudsk KA. “High tech” metabolic measure-
ments: useful in daily clinical practice? J Parenter Enteral Nutr
1988;12:610–612.

88. Elwyn DH. Nutritional requirements of adult surgical patients.
Crit Care Med 1980;8:9–20.

89. Askanazi J, Carpentier YA, Elwyn DH. A controlled trial of the
effect of parenteral nutrition support on patients with respira-
tory failure and sepsis. Clin Nutr 1983;2:97–103.

90. Fong Y, Marano MA, Barber E, et al. Total parenteral nutrition
and bowel rest modify the metabolic response to endotoxin in
humans. Ann Surg 1989;210:449–457.

91. Food and Nutrition Board, National Research Council. Recom-
mended Dietary Allowances, 10th Ed. Washington, DC: Na-
tional Academy of Sciences, 1989.

92. Kudsk KA, Teasley-Strausburg KM. Enteral and parenteral nu-
trition. In: Irwin RS, Cerra FB, Rippe JM, eds. Intensive Care
Medicine, 4th Ed. New York: Lippincott-Raven, 1998.

93. Long CL, Lowry SR. Hormonal regulation of protein metabo-
lism. J Parenter Enteral Nutr 1990;14:555–562.

94. Konstantinides FN. Nitrogen balance studies in clinical nutri-
tion. Nutr Clin Pract 1992;7:231–238.

95. Nelson KM, Long CL. Physiological basis for nutrition in sep-
sis. Nutr Clin Pract 1989;4:6–15.

96. Wolfe R, Allsop J, Burke J. Glucose metabolism in man: responses
to intravenous glucose infusion. Metabolism 1979;28:210–220.

97. Wolfe RR, Shaw JHF. Glucose and FFA in kinetics in sepsis: role
of glucagon and sympathetic nervous system activity. Am J
Physiol 1985;248:E236–E243.

98. Cerra FB. Metabolic and nutritional support. In: Mattox KL, Fe-
liciano DV, Moore EE, eds. Trauma, 3rd Ed. Stamford: Appleton
& Lange, 1996:1155–1176.

99. Pomposelli JJ, Baxter JK, Babineau TJ, et al. Early postoperative
glucose control predicts nosocomial infection rate in diabetic
patients. J Parenter Enteral Nutr 1998;22:77–81.

100. Pelham LD. Rational use of intravenous fat emulsions. Am J
Hosp Pharm 1981;38:198–208.

101. Kinsella JE, Lokesh B, Broughton S. Dietary polyunsaturated
fatty acids and eicosanoids: potential effect on the modulation
of inflammatory and immune cells: an overview. Nutrition
1990;6:24–44.

102. Allardyce DB. Cholestasis caused by lipid emulsions. Surg Gy-
necol Obstet 1982;154:641–647.

103. Fonkalsrud E. Surgical treatment of gastroesophageal reflux (GER)
syndrome in infants & children. Am J Surg 1987;154:11–18.

104. Collier P, Kudsk KA, Glezer J, et al. Fiber-containing formula
and needle catheter jejunostomies: a clinical evaluation. Nutr
Clin Pract 1994;9:101–103.

105. Dent D, Kudsk K, Minard G, et al. Risk of abdominal septic com-
plications following feeding jejunostomy placement in patients
undergoing splenectomy for trauma. Am J Surg 1993;166:686–689.

106. Palacio JC, Rombeau JL. Dietary fiber: a brief review and po-
tential application to enteral feeding. Nutr Clin Pract 1990;5:
99–106.

107. Guenter PA, Settle RG, Perlmutter S, et al. Tube feeding-related
diarrhea in acutely ill patients. J Parenter Enteral Nutr 1991;15:
277–280.

108. Eisenberg PG. Cause of diarrhea in tube-fed patients: a compre-
hensive approach to diagnosis and management. Nutr Clin Pract
1993;8:119–123.

109. Broe PJ, Toung TJK, Cameron JL. Aspirational pneumonia. Surg
Clin North Am 1980;60(6):1551–1564.

110. Spapen HD, Duinslaeger L, Diltoer M, et al. Gastric emptying
in critically ill patients is accelerated by adding cisapride to a
standard enteral feeding protocol: results of a prospective, ran-
domized controlled trial. Crit Care Med 1995;23:481–485.

111. Dive A, Miesse C, Galanti L, et al. Effect of erythromycin on
gastric motility in mechanically ventilated critically ill patients:
a double-blind, randomized, placebo-controlled study. Crit Care
Med 1995;23:1356–1362.

112. Landry C, Vidon N, Sogni P, et al. Could oral erythromycin op-
timize high energy continuous enteral nutrition? Aliment Phar-
macol Ther 1996;10:967–973.

113. Heyland D, Tougas G, Cook DJ, et al. Cisapride improves gas-
tric emptying in mechanically ventilated, critically ill patients.
A randomized, double-blind trial. Am J Respir Crit Care Med
1996;154:1678–1683.

114. Edes TE, Walk BE, Austin JL. Diarrhea in tube-fed patients: feed-
ing formula not necessarily the cause. Am J Med 1990;88:91–93.

115. Lutomski DM, Gora ML, Wright SM, et al. Sorbitol content of
selected oral liquids. Ann Pharmacother 1993;27:269–274.

116. Pemberton LB, Lyman B, Lander V, et al. Sepsis from triple- vs.
single-lumen catheters during total parenteral nutrition in sur-
gical or critically ill patients. Arch Surg 1986;121:591.

117. Miller JJ, Venus B, Mathru M. Comparison of the sterility of
long-term central venous catheterization using single lumen,
triple lumen, and pulmonary artery catheters. Crit Care Med
1984;12:634.

118. Pomposelli JJ, Bistrian BR. Is total parenteral nutrition im-
munosuppressive? New Horiz (US) 1994;2(2):224–229.

119. Kumpf VJ. Parenteral iron supplementation. Nutr Clin Pract
1996;11:139–146.

120. The Veteran Affairs Total Parenteral Nutrition Cooperative
Study Group. Perioperative total parenteral nutrition in surgical
patients. N Engl J Med 1991;325:525–532.

121. Fan St, Lo CM, Lai EC, et al. Perioperative nutritional support
in patients undergoing hepatectomy for hepatocellular carci-
noma. N Engl J Med 1994;331:1547–1552.

122. Brennan MF, Pisters PWT, Posner M, et al. A prospective, ran-
domized trial of total parenteral nutrition after major pancreatic
resection for malignancy. Ann Surg 1994;220:436–444.

123. Doglietto GB, Gallitelli L, Pacelli F, et al. Protein-sparing ther-
apy after major abdominal surgery: lack of clinical effects. Ann
Surg 1996;223:357–362.

124. Watters JM, Kirkpatrick SM, Norris SB, et al. Immediate post-
operative enteral feeding results in impaired respiratory me-
chanics and decreased mobility. Ann Surg 1997;226:369–377.

125. Daly JM, Weintraub FN, Shou J, et al. Enteral nutrition during
multimodality therapy in upper gastrointestinal cancer patients.
Ann Surg 1995;221:327–338.

NUTRITION 2 7



This page intentionally left blank 



3

Perioperative Fluids 
and Electrolytes

Avery B. Nathens and Ronald V. Maier

Physiology

Body Fluid Compartments

Accurate replacement of fluid requires an understanding of
the distribution of water, electrolytes, and colloid across the
various body fluid compartments. Total body water (TBW) ap-
proximates 60% of total body weight, or 42 l in a 70-kg per-
son. TBW is composed of the intracellular compartment and
extracellular compartment. The intracellular compartment 
or intracellular volume (ICV) constitutes 40% of total body
weight (28 l in a 70-kg patient) whereas the extracellular vol-
ume (ECV) makes up the remaining 20%. The ECV is com-
posed of interstitial fluid (IF) and the intravascular or plasma
volume (PV). Plasma volume constitutes 25% of ECV (5% of
total body weight, or approximately 3.5 l), while the remain-
der is interstitial fluid. Red cell volume, approximately 2%
to 3% of total body water, is part of the ICV. Thus, total blood
volume is approximately 7% to 8% of total body weight, or
approximately 5 l in a 70-kg patient (Fig. 3.1).

The solute and colloid compositions of the intracellular
and extracellular fluid compartments differ markedly. The
ECV contains most of the sodium in the body, with equal
sodium concentrations in the PV and IF (140 mEq/l), while
the intracellular [Na�] is only 10 to 12 mEq/l. By contrast,
the predominant intracellular cation is potassium, with the
intracellular concentration [K�] approximating 150 mEq/l in
contrast to an ECV [K�] of 4.0 mEq/l. Albumin represents the
most important osmotically active constituent of the ECV
and is virtually excluded from the ICV. Albumin is unequally
distributed within the ECV; the serum concentration of al-
bumin approximates 4.0 g/dl while the IF concentration av-
erages 1.0 g/dl.

The distribution volume of various crystalloid or colloid
solutions is that volume in which the administered solution
will equilibrate over the short term. For example, TBW is the
distribution volume for sodium-free water; ECV is the distri-
bution volume for crystalloid solution in which [Na�] ap-

proximates 140 mEq/l, whereas PV represents the distri-
bution volume for most colloid solutions. To clarify this con-
cept, assume a 70-kg patient has suffered an acute blood loss
of 1000 ml, approximately 20% of the predicted 5-l blood vol-
ume. Any one of 5% dextrose in water (D5W), lactated
Ringer’s solution, or 5% albumin may be chosen to replace
the lost blood volume. The formula describing the effects of
fluid infusion on plasma volume expansion is as follows:

Expected PV increment �

Rearranging the equation would yield the following:

Volume infused

�

In this example, the expected PV increment is 1 l (to replace
shed blood) and the normal plasma volume is approximately
3.5 l. To restore blood volume using D5W, which distributes
throughout TBW (42 l), it would be necessary to administer
12 l. By contrast, if lactated Ringer’s solution (which distrib-
utes throughout ECV) were chosen, a 1-l PV increment would
require approximately 4 l of crystalloid. Colloid solutions with
similar oncotic pressures to plasma (e.g., 5% albumin) dis-
tribute within the intravascular space and thus have a distri-
bution volume equal to the plasma volume. In this example,
1 l of 5% albumin would be required to replace the shed blood.

Maintenance Body Fluid and 
Electrolyte Requirements

Healthy adults require a minimal amount of fluid and elec-
trolyte intake to maintain systemic homeostasis. Sufficient
water is required to replace obligatory urinary losses of ap-
proximately 1000 ml/day and gastrointestinal losses of 100
to 200 ml/day. Additionally, insensible water losses must be

expected PV increment � distribution volume
������

normal plasma volume

volume infused � normal PV
����

distribution volume
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taken into account. Insensible losses amount to 8 to 12
ml/kg/day and are equally divided into respiratory and cuta-
neous water loss. Cutaneous insensitive losses increase by ap-
proximately 10% for each degree of temperature greater than
37°C; thus these losses may become quite significant in the
febrile patient. Respiratory insensitive water losses tend to be
greater with inspiration of unhumidified air, as may occur
with a tracheostomy. Overall maintenance fluid require-
ments are dependent on weight and are approximated using
either of the approaches in Table 3.1. For example, a 60-kg
patient would require approximately 100 ml/h of water (4
ml/kg � 10 kg plus 2 ml/kg � 10 kg plus 1 ml/kg � 40 kg) to
keep up with obligatory water losses.

Daily sodium intake in normal individuals approaches
100 to 250 mEq/day. This intake is balanced by sodium losses
in sweat, stool, and urine. However, renal conservation of
sodium is extraordinary, and in cases of profound volume de-
pletion urinary losses of sodium may be less than 1 mEq/day.
In the perioperative period, adequate maintenance of sodium
may be achieved with an intake of 1 to 2 mEq/kg/day. Nor-
mal potassium intake is approximately 40 to 120 mEq/day,
approximately 10% to 15% of which is excreted as normal
urinary losses. In individuals with normal renal function,
body potassium stores can be maintained with an intake of
approximately 0.5 to 1.0 mEq/kg/day.

Based on estimated maintenance requirements of Na� and
K�, there are several options for maintenance fluid replace-
ment (Table 3.2). A 60-kg patient should receive approxi-
mately 60 to 120 mEq/day of sodium and 30 to 60 mEq/day
of potassium. The most commonly used maintenance solu-
tions are D5W 1/2 NS or 2/3 D5W 1/3 NS, which are rela-
tively isotonic and provide the required amount of sodium
over a 24-h period. Potassium is often added to these solu-
tions at concentrations approximating 20 mEq/l to ensure
that maintenance requirements are met. Although 0.9%
saline is used quite frequently, the relatively high concen-
tration of chloride results in a hyperchloremic metabolic aci-

dosis because of the inability of the renal tubule to excrete
the excess Cl�.

Perioperative Fluid Requirements

Appropriate management of fluids and electrolytes in the 
perioperative period requires a flexible yet systematic ap-
proach to ensure that fluid administration is appropriately tai-
lored to the patient’s changing requirements. The amount of
fluids administered in the immediate postoperative period
(within the first 12–24 h) must take into account the existing
deficit, maintenance requirements, and any ongoing losses.

Estimation of the existing deficit must incorporate an ap-
proximation of intraoperative blood loss as well as fluid losses
from evaporative and third-space, or extravascular, fluid se-
questration. It is important to realize that the surgeon’s esti-
mated intraoperative blood loss is often 50% less than when
calculated using more rigorous methods.1,2 This discrepancy
should be taken into account when estimating postoperative
fluid requirements. Due to the shift of crystalloid from the
intravascular space to the interstitium, crystalloid should re-
place blood loss in a 3:1 ratio.

Extravascular fluid sequestration represents another im-
portant source of intraoperative fluid loss. Extensive dissec-
tion at the operative site induces a localized capillary leak,
the result of which is extravasation of intravascular fluid into
the interstitium with edema formation. The loss of intra-
vascular volume via this route depends on the extent of 
exposure and degree of dissection.

Ongoing fluid requirements usually represent gastroin-
testinal losses from stomas, tubes, drains, or fistulae. These
losses may be accurately estimated by closely following
recorded hourly outputs from any tube or drain. The elec-
trolyte composition of the output depends on the source of
effluent3 (Table 3.3). The replacement fluid should be chosen
to best approximate the composition of the ongoing losses.
For example, nasogastric losses are typically replaced with
normal saline supplemented with 10 mEq KCl/l, whereas
losses from a duodenal fistula may best be replaced using lac-
tated Ringer’s solution.

Postoperative fluid orders should take into account the
overall fluid balance in the operating room as an estimate of
the existing deficit along with maintenance fluid requirements
and any ongoing losses. The preferred approach is to reassess
the patient frequently to determine intravascular volume sta-
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FIGURE 3.1.  Distribution of body water and elec-
trolytes in a healthy 70-kg male. (Adapted from Nar-
ins RG, Krishna GC. Disorders of water balance. In:
Stein JH, ed. Internal Medicine, 2nd Ed. Philadelphia:
Lippincott-Williams & Wilkins, 1987:794–805, with
permission.)

TABLE 3.1.   Maintenance Water Requirements.

Weight ml/kg/h ml/kg/day

First 10 kg 4 100
Second 10 kg 2 50
Each kilogram above 20 kg 1 20



tus. In this regard, evaluation of heart rate, blood pressure, and
most importantly hourly urine output provide an excellent
measure of intravascular volume status. Orders for intravenous
fluids should be rewritten frequently to maintain a normal
heart rate, a urine output of approximately 1 ml/kg/h, and ad-
equate blood pressure. It has become common practice to avoid
potassium supplementation within the first 24 h. The ratio-
nale behind this approach is to prevent life-threatening hyper-
kalemia should oliguria become a significant problem in the
early postoperative period. The preferred practice is to admin-
ister normal saline or lactated Ringer’s in the first 24 h. The
smaller volume of distribution of these solutions compared to
dextrose-containing solutions ensures that adequate intravas-
cular volume is maintained despite ongoing extravascular fluid
sequestration. On the first postoperative morning, these solu-
tions are switched to dextrose-containing solutions (2/3 D5W
1/3 NS or D5W 1/2 NS) supplemented with KCl, providing
that urine output has been adequate.

Disorders of Sodium Homeostasis

Maintenance of a normal serum sodium concentration
(135–145 mEq/l) is intimately associated with control of
plasma osmolarity (Posm). Plasma osmolarity is determined
by the sum of the individual osmotically active substances
as described in the following equation:

Posm � 2 � plasma [Na�] � [glucose]/20 � [BUN]/3

Maintenance of the plasma osmolarity within normal lim-
its depends on the ability of the kidneys to excrete water,
thus preventing hypoosmolarity, and on a normal thirst
mechanism with access to water to prevent hypernatremia.
The ability to excrete maximally dilute urine (�100 mOsm/
kg) allows the kidneys to excrete in excess of 18 l of water
per day. In the presence of normal renal perfusion and intact
renal function, antidiuretic hormone (ADH) is the principal
regulator of serum osmolarity. A 1% to 2% reduction in Posm

maximally inhibits ADH release, leading to a urine osmolar-
ity that is maximally dilute. By contrast, a 1% to 2% increase
in Posm above normal or a 5% to 10% decrease in blood vol-
ume or blood pressure stimulates ADH release. Importantly,
when both a low plasma osmolarity and low blood volume
or pressure are present, the latter effect will dominate, 
resulting in an increase in ADH release. This is one of the
principal mechanisms leading to the development of hy-
ponatremia in patients with low intravascular volume. Ad-
ditionally, changes in blood pressure or volume status will
alter the osmolar set point and, to a lesser extent, the sensi-
tivity of the osmotic response.4

Hyponatremia

The approach to hyponatremia begins with an assessment of
the serum osmolarity3 (Table 3.4). If serum osmolarity is high,
it is important to consider the possibility of other effective
plasma osmoles, the most common of which is glucose. In
quantitative terms, for every 100 mg/dl rise in glucose the
[Na�] falls by 1.3 mEq/l. Hyperglycemia shifts H2O from cells,
leading to dilutional hyponatremia. The treatment involves
definitive management of the osmotically active agent,
which, in the case of glucose, would be insulin. In rare cases
the serum osmolarity may be normal. This phenomenon is
referred to as pseudohyponatremia and is caused by hyper-
lipedemia or hyperproteinemia; it is an artifact of the labora-
tory assay. No treatment is required.

More frequently, a low [Na�] will be associated with re-
duced plasma osmolarity. The etiology and treatment of hy-
poosmolar hyponatremia may be classified into three groups
depending on the extracellular volume status of the patient.
A reduction in extracellular volume leads to an increase in
ADH secretion, impairing the kidney’s ability to excrete free
water. Either administration of Na�-free solutions or the in-
gestion of free water induced by thirst aggravates the result-
ing hyponatremia. The most common causes of hypovolemic
hyponatremia are due to Na� loss. Typically, perioperative
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TABLE 3.2.   Options for Maintenance Fluid Replacement.

Na� K� Cl� Ca2� Lactatea Glucose
(mEq/l) (mEq/l) (mEq/l) (mEq/l) (mEq/l) (g/l)

Normal (0.9%) saline (NS) 154 0 154 0 0 0
Dextrose 5% in water (D5W) 0 0 0 0 0 50
D5W 1/2 NS 77 0 77 0 0 50
2/3 D5W, 1/3 NS 50 0 50 0 0 33
Lactated Ringer’s 130 4 109 3 28 0
aLactate is used instead of Cl� to maintain electroneutrality. It is converted to HCO3

� by hepatic metabolism.

TABLE 3.3.   Volume and Composition of Gastrointestinal Fluid Losses.

Volume Na� Cl� K� HCO3
� H�

Source (ml) (mEq/l) (mEq/l) (mEq/l) (mEq/l) (mEq/l)

Stomach 1000–4200 20–120 130 10–15 — 30–100
Duodenum 100–2000 110 115 15 10 —
Ileum 1000–3000 80–150 60–100 10 30–50 —
Colon (diarrhea) 500–1700 120 90 25 45 —
Bile 500–1000 140 100 5 25 —
Pancreas 500–1000 140 30 5 115 —



isotonic losses (plasma, gastric losses) are replaced with hy-
potonic solutions in the face of mild hypovolemia. The treat-
ment involves replenishing the extravascular volume with
isotonic fluids in concert with restriction of free water.

Hyponatremia in the presence of an increased extravas-
cular volume probably represents the next most common sce-
nario in the perioperative period. Typically, these represent
edematous states wherein there is a reduction in the effec-
tive circulating volume. Low cardiac output states, cirrhosis,
and other hypoalbuminemic states are the more common eti-
ologies. Both water restriction and Na� restriction are nec-
essary. Depending on the severity of the hyponatremia, a loop
diuretic may be required to increase both Na� and water loss;
in most cases, this induces an excess of urinary water loss
over Na� loss and should correct the hyponatremia.

Patients with a normal extracellular volume status and
hypoosmolar hyponatremia may have the syndrome of inap-
propriate ADH secretion (SIADH). In the surgical patient
SIADH is not often considered as a possible cause of hy-
ponatremia, but nausea, pain, and narcotics, all of which are
common in the postoperative period, may result in inappro-
priate ADH secretion and contribute to postoperative hy-
ponatremia. Diagnosis is confirmed by demonstrating a low
plasma hypoosmolarity, a less than maximally dilute urine
(Uosm � 100 mOsm/l), and renal salt wasting (UNa � 20
mEq/l).3 Treatment includes management of the underlying
cause and water restriction. Isotonic (0.9%) saline should not
be administered to patients with the SIADH as it may cause
the plasma [Na�] to fall.

The presence of symptoms in hyponatremia depends on
the rate at which hyponatremia occurred. Symptoms of in-
creased intracranial pressure from cerebral edema are the
most prominent features and may be present at plasma [Na�]
less than 125 mEq/l if the development of hyponatremia was
rapid in onset. If the reduction in [Na�] occurs slowly, then
symptoms may not be evident until plasma [Na�] drops as
low as 110 mEq/l. Too rapid correction of plasma [Na�] may
result in central pontine myelinosis, a process of demyelina-
tion caused by cell shrinkage that may result in irreversible
brainstem injury. If the patient is asymptomatic or mildly

symptomatic, the goal should be to raise the [Na�] by ap-
proximately 0.5 mEq/h; if symptomatic with coma or con-
vulsions, then more rapid correction is necessary. The aim is
to give sufficient Na� as 3% NaCl until either the symptoms
have improved or the plasma [Na�] has increased by 5 mEq/l,
whichever comes first. The following formula may be used
to estimate the amount of Na� required to raise the [Na�] to
a safe level (approximately 120 mEq/l):

Na� deficit � 0.60 � lean body weight (kg)
� (120 � measured plasma Na�)

Hypernatremia

Hypernatremia (plasma [Na�] � 150 mEq/l) is far less com-
mon than is hyponatremia. Cellular shrinkage caused by fluid
shifts from the intracellular space to the extracellular com-
partment may cause confusion, coma, and intracranial hem-
orrhage. Symptoms are usually not evident below a plasma
[Na�] of 160 mEq/l.

Elevated plasma [Na�] occurs as a result of excessive free
water loss and is thus frequently associated with hypovolemia
and oliguria. Extrarenal losses represent the most common
source of water loss. Excessive insensible losses caused by fever,
hyperventilation, and burns or hypotonic fluid losses due to per-
spiration or severe diarrhea are the principal causes. If hypov-
olemia is sufficiently severe that tissue perfusion is compro-
mised, then initial therapy should be isotonic saline until tissue
perfusion is restored. If perfusion is adequate, then 0.5 normal
saline or D5W is sufficient to return plasma [Na�] to normal.

Polyuria associated with excessive renal free water losses
represents another frequent cause of hypernatremia. For ex-
ample, osmotic diuresis induced by hyperglycemia or manni-
tol may cause profound hypernatremia if left unchecked. An
inability to concentrate urine because of high output renal fail-
ure commonly associated with the recovery phase of acute
tubular necrosis may also cause severe hypernatremia. In the
context of the clinical scenario, the diagnosis is usually straight-
forward. Treatment simply involves measuring urinary elec-
trolyte losses and providing adequate free water replacement.
Central diabetes insipidus is not uncommon following neuro-
surgical operations or head injury and may cause profound hy-
pernatremia. Administration of exogenous vasopressin in the
form of dDAVP is both diagnostic and therapeutic.

Rapid correction of severe hypernatremia may cause irre-
versible neurological deficits. Plasma [Na�] should not be cor-
rected at a rate faster than 0.5 to 1.0 mEq/l per hour. In the
presence of convulsions, sufficient free water should be ad-
ministered to either return the plasma [Na�] to the concen-
tration documented before the convulsion or to reduce the
[Na�] by about 6 mmol/l. The following formula may help to
guide therapy:

Water deficit � total body water
� {(plasma [Na�] � desired plasma [Na�]) � 1}

Disorders of Potassium Homeostasis

Potassium is the major intracellular cation. Only about 2%
of total body potassium is located in the extracellular fluid.
Despite the small quantity of K� in the extracellular space,
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TABLE 3.4.   Causes of Hyponatremia.

Pseudohyponatremia (normal plasma osmolality)
Hyperlipidemia, hyperproteinemia

Dilutional hyponatremia (increased plasma osmolality)
Hyperglycemia, mannitol

True hyponatremia (reduced plasma osmolality)
Reduction in ECF volume
Plasma, GI, skin, or renal losses (diuretics)
Expanded ECF volume

Congestive heart failure
Hypoproteinemic states (cirrhosis, nephrotic syndrome, 

malnutrition)
Normal ECF volume

SIADH
Pulmonary or CNS lesions
Endocrine disorders (hypothyroidism, hypoadrenalism)
Drugs (e.g., morphine, tricyclic antidepressants, clofibrate,

antineoplastic agents, chlorpropamide, aminophylline, in-
domethacin)

Miscellaneous (pain, nausea)

SIADH, inappropriate antidiuretic hormone secretion.



slight alterations in plasma [K�] may have dramatic effects
on muscle contraction and nerve conduction, as the concen-
tration gradient across the plasma membrane is the main de-
terminant of membrane excitability. For this reason, abnor-
malities in plasma [K�] should be treated expeditiously.

Hypokalemia

Hypokalemia in the surgical patient is usually due to losses
from the gastrointestinal tract, kidneys, or skin (Table 3.5).
In the case of diarrhea, stool potassium losses represent the
principal reason for hypokalemia. By contrast, the mechanism
for hypokalemia in vomiting is more complex. The content
of K� in gastric secretion is only about 10 mEq/l. As a result,
massive vomiting would be necessary to cause hypokalemia.
Typically, renal K� losses account for potassium depletion
associated with vomiting. The extracellular volume contrac-
tion leads to elevated levels of aldosterone, which results in
enhanced renal Na� reabsorption and increased K� secretion.
Massive burns may also cause hypokalemia because of a com-
bination of tissue breakdown and fluid loss.

The major danger associated with hypokalemia is cardiac
arrhythmias. The potential for arrhythmias is exacerbated in
the presence of a metabolic alkalosis, digoxin, or hypercal-
cemia. Electrocardiographic changes associated with hy-
pokalemia correlate poorly with the plasma [K�] but typically
are not manifest until the plasma [K�] drops below 3 mmol/l.
Early changes include T-wave flattening or inversion and 
depressed ST segments, followed by the development of 
U waves and a prolonged Q-T interval. Hypokalemia may 
also manifest with weakness once plasma [K�] drops below
2.5 mmol/l.

Potassium replacement therapy should be geared toward
rapid correction of plasma [K�], followed by slower repletion
of the total body K� deficit. The potassium deficit may be
quite large. For example, a fall in plasma [K�] from 4 to 3 re-
flects a total deficit of 100 to 400 mmol3. Too rapid correc-
tion may result in inadvertent hyperkalemia because it takes
time for the administered K� to be transferred into cells.
When possible, K� supplementation should be administered
orally. However, if the plasma [K�] is less than 3.0 or enteral
supplementation is not possible, then parenteral administra-

tion is indicated. Potassium can be administered intrave-
nously into peripheral veins in concentrations as high as 
40 mmol/l. Higher concentrations may cause phlebitis and
thus should be administered into a central vein. The rate of
administration in the absence of intractable arrhythmias
should be no greater than 20 to 40 mEq/h. At this rate of ad-
ministration, continuous ECG monitoring is indicated.

Hyperkalemia

Sudden increases in plasma [K�] are almost always caused by
rapid administration or transcellular flux of K�. By contrast,
sustained hyperkalemia implies that there is impairment of
renal K� excretion. It is important to be aware of pseudohy-
perkalemia, observed when the serum potassium (as mea-
sured by the laboratory) is spuriously elevated by potassium
release from red blood cells or platelets after the blood spec-
imen has been obtained. The diagnosis of pseudohyper-
kalemia can be made by demonstrating that the plasma [K�]
is normal in a nonhemolyzed plasma sample in which clot-
ting is prevented by drawing the blood into a heparinized tube.

Transcellular flux of K� from the cell into the extra-
cellular fluid may occur in patients with severe metabolic
acidosis, insulin deficiency (e.g., diabetes mellitus), or rhab-
domyolysis as the intracellular potassium stores are released.
Administration of succinylcholine may also cause a transient
rise in plasma [K�] because of en masse muscle depolariza-
tion, particularly following paralysis or prolonged bed rest,
such as is seen in severe burn injury.

The main risks associated with hyperkalemia are simi-
lar to those of hypokalemia: weakness and myocardial irri-
tability. Electrocardiographic signs of hyperkalemia proceed
from an increase in T-wave amplitude, leading to a narrow,
peaked symmetrical T wave, followed by reduced P-wave
amplitude and widening of the QRS complexes. If untreated,
severe hyperkalemia may eventually cause a sinusoidal
ECG complex and ultimately ventricular fibrillation. Signs
or symptoms are rare at plasma [K�] below 6.0 mmol/l; be-
yond this, there is poor correlation with the serum potas-
sium level and arrhythmias. The rate of rise of plasma [K�]
appears to be extremely important; many patients with
chronic renal failure tolerate plasma [K�] levels in excess
of 6 or 6.5 without symptoms. Treatment is dependent on
the presence or absence of electrocardiographic changes and
the plasma [K�]. Individuals with mild hyperkalemia (�6.0
mmol/l) can usually be treated conservatively by reducing
daily intake. Active treatment to lower the plasma [K�] or
to antagonize its effects on the cell membrane should be
started if the [K�] has risen acutely to greater than 6.0
mmol/l or if any ECG manifestations of hyperkalemia are
present. These therapeutic modalities should be used in
conjunction with other methods to reduce total body potas-
sium stores (Table 3.6).

Disorders of Mineral Homeostasis

In most surgical patients, abnormalities in the body fluid
composition of calcium (Ca), magnesium (Mg), and phosphate
(PO4) are seldom extreme enough to cause concern. However,
in the critically ill patient, these alterations may exacerbate
potentially life-threatening situations.
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TABLE 3.5.   Causes of Hypokalemia.

Extrarenal losses
Gastrointestinal (vomiting, nasogastric suction)
Diarrhea
Massive burns
Profuse sweating

Renal losses
Diuretic therapy
Vomiting
Tubular disorders (e.g., type I renal tubular acidosis)
Drugs (cisplatin, amphotericin B)

Transcellular flux of K� into the cell
Metabolic alkalosis
Insulin administration
�2-adrenergic stimulation

Other
Primary hyperaldosteronism
Renal artery stenosis
Cushing’s syndrome



Calcium Abnormalities

Total body calcium stores are approximately 1000 g, with al-
most 99% apportioned in bone. The remainder is located
within the extracellular fluid and is either free (40%) or bound
to albumin (50%) or other anions such as citrate, lactate, and
sulfate. Only the free or ionized component is biologically ac-
tive. Acid–base alterations affect the binding of calcium to 
albumin and account for the symptoms of hypocalcemia as-
sociated with hyperventilation. The resultant respiratory al-
kalosis increases the binding affinity of calcium for albumin,
leading to a reduction in the serum ionized calcium levels.
Similarly, changes in serum protein levels affect total serum
calcium. The ionized calcium level (normal range, 4.5–5.5
mg/dl) can be estimated using the following formula:

Ionized calcium (mg/dl) � total serum calcium (mg/dl)
� 0.8 � serum albumin (mg/dl)

Routine supplementation or assessment in postoperative pa-
tients is usually not indicated. However, in patients with ma-
jor fluid shifts, prolonged immobilization, alterations in GI ab-
sorption, or operative procedures on the thyroid or parathyroid,
significant alterations in calcium homeostasis may arise.

Hypocalcemia

The most frequent cause of hypocalcemia is a low serum al-
bumin. In this case, the ionized fraction remains normal and
no treatment is indicated. Frequent alternate causes to con-
sider include acute pancreatitis, massive soft tissue infection,
small-bowel fistulae, and hypoparathyroidism. Massive blood
transfusion induces hypocalcemia caused by chelation of cal-
cium with citrate.

Manifestations of hypocalcemia may become evident at
serum levels less than 8 mg/dl. The earliest symptoms in-
clude numbness or tingling in the circumoral region or at the
tips of the fingers. Tetany or seizure may arise at more pro-
found levels of hypocalcemia. A positive Trousseau’s sign or
Chvostek’s sign may be suggestive of hypocalcemia. Hypocal-
cemia alters myocardial repolarization and results in a pro-
longed Q-T interval on the electrocardiogram. ECG monitor-
ing may be useful to guide calcium supplementation in 
massive transfusion when rapid assays are unavailable.

The treatment of hypocalcemia depends on its severity.
In symptomatic patients with an ionized calcium level less
than 3 g/dl, intravenous replacement therapy should be ad-
ministered: a 10-ml ampoule of either 10% calcium gluconate
(93 mg elemental calcium) or calcium chloride (232 mg ele-

mental calcium) should be administered in 50 to 100 ml D5W
over 10 to 15 min. In less severe cases, oral supplementation
may suffice and any oral preparation providing 1 to 3 g of 
elemental calcium per day will be adequate.

Hypercalcemia

There is an extensive differential diagnosis for hypercalcemia
(see Chapter 38, The Parathyroid). Primary hyperparathy-
roidism and malignant disease account for 90% of cases, with
the former more common in outpatients and the latter most
common among hospitalized patients.5 Hypercalcemia has pro-
tean manifestations including confusion, lethargy, coma, mus-
cle weakness, anorexia, nausea, vomiting, pancreatitis, and
constipation. Renal stones may develop in cases of prolonged
hypercalcemia. Hypercalcemia may also induce nephrogenic
diabetes insipidus and result in polyuria. Finally, electrocar-
diographic changes include a shortened Q-T interval. This al-
teration in cardiac repolarization predisposes the patient to fa-
tal arrhythmias, particularly in the presence of digitalis.

A serum calcium concentration in excess of 15 mg/dl or
in association with electrocardiographic changes requires ur-
gent treatment. Most patients will respond to vigorous hy-
dration with normal saline. Once the patient is rehydrated,
furosemide may be administered to further increase calcium
excretion. Rarely, adjunctive measures including administra-
tion of diphosphonates, calcitonin, or mithramycin may be
necessary.

Magnesium Abnormalities

Magnesium is the principal intracellular divalent cation. Ap-
proximately 50% of total body magnesium is found in bone
and is not readily exchangeable. Serum magnesium concen-
trations typically range between 1.5 and 2.5 mEq/l. Magne-
sium absorption occurs throughout the small intestine and is
reabsorbed quite effectively in the renal tubules with renal
excretion as low as 1 mEq/day. Hypomagnesemia may occur
because of poor nutritional intake, malabsorption, or in-
creased renal excretion due to diuretics. Hypomagnesemia is
quite common in patients abusing alcohol. The signs and
symptoms of hypomagnesemia are characterized by neuro-
muscular and CNS irritability, and in this respect are simi-
lar to those seen with hypocalcemia. Low serum magnesium
levels appear to impair parathyroid hormone excretion and
may induce hypocalcemia refractory to calcium supplemen-
tation unless the hypomagnesemia is corrected.6

Hypomagnesemia may be treated with either oral or par-
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TABLE 3.6.   Treatment of Hyperkalemia.

Treatment Mechanism of action Time frame

Intravenous calcium Antagonizes effects of Seconds to minutes
gluconate hyperkalemia on the cell

membrane
Glucose, insulin, sodium Translocation of potassium 30–60 min
bicarbonate into cells
Rectally or orally Binds and hastens excretion of K� 1–4 h (rectal)
administered potassium- secreted into colon �6 h (oral)
binding resins
Dialysis Movement across a concentration Immediate

gradient and excreted



enteral magnesium preparations. If the serum magnesium
level is less than 1 mEq/l or the patient is symptomatic, than
parenteral treatment is indicated. In the presence of normal
renal function, up to 2 mEq magnesium per kg of body weight
may be administered daily.

Hypermagnesemia is extraordinarily rare in the absence of
renal failure. Flaccid paralysis, hypotension, confusion, and
coma may become evident at serum levels exceeding 6 mEq/l.
Electrocardiographic features are similar to those seen in hy-
perkalemia. Emergency treatment of severe symptomatic hy-
permagnesemia involves administration of calcium as either
calcium gluconate or calcium chloride. Calcium effectively
antagonizes the effect of magnesium on neuromuscular func-
tion. Definitive treatment requires increasing renal magne-
sium excretion with a combination of hydration and diuresis.
If renal function is impaired, then dialysis will be necessary.

Phosphate Abnormalities

Phosphate is the most abundant intracellular anion, and only
0.1% of total body phosphorus is in the extracellular fluid
compartment. As a result, circulating plasma levels do not
reflect total body stores. Hypophosphatemia may occur as the
result of impaired intestinal absorption or increased renal ex-
cretion. Hyperparathyroidism may induce a drop in serum
phosphate levels through an increase in renal excretion. Sig-
nificant hypophosphatemia is very common following major
liver resection, an effect caused by rapid phosphate utiliza-
tion in the regenerating hepatocytes.7 In this clinical setting
serum phosphate should be measured frequently and treated
appropriately. Careful monitoring of phosphate should also
occur with the administration of parenteral nutrition after
prolonged starvation because profound hypophosphatemia
may result.8 The potential adverse effects associated with se-

vere hypophosphatemia include impaired tissue oxygen de-
livery due to decreased 2,3-diphosphoglycerate levels, muscle
weakness, and rhabdomyolysis. Severe hypophosphatemia
may be treated parenterally using potassium phosphate.

Hyperphosphatemia is most commonly seen in the set-
ting of impaired renal phosphate excretion and in this sce-
nario is frequently associated with hypocalcemia. Similarly,
hypoparathyroidism reduces renal phosphate excretion, lead-
ing to an increase in serum phosphate levels. In these cases,
treatment should be directed toward the underlying cause.

Acid–Base Abnormalities

The concentration of hydrogen ions in body fluids is main-
tained within an optimal pH range (7.35–7.45) to ensure ad-
equate function of structural and enzymatic proteins. This
narrow range is assured by the availability of several buffer
systems including intracellular proteins and phosphates and
the bicarbonate–carbonic acid system. The former functions
primarily as an intracellular buffer and the latter as a buffer
in the extracellular fluid. Further, alterations in excretion or
retention of CO2 or HCO3

� through changes in minute ven-
tilation or renal tubular handling of HCO3

� provide an addi-
tional homeostatic mechanism for maintaining normal pH.
By combining information on the various buffering systems,
a nomogram can be constructed to describe the normal com-
pensatory responses to acute and chronic acid–base distur-
bances (Fig. 3.2).

Metabolic Acidosis

Metabolic acidosis arises as a result of retention (or adminis-
tration) of fixed acids or the loss of bicarbonate. In this way,
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FIGURE 3.2.  Compensatory responses to
acute and chronic acid base alterations.
[BB�]ECF represents the base deficit. The
black diagonal box in the center represents
the normal range. As an example, if a meta-
bolic acidosis develops such that a base
deficit of �15 mEq/l occurs, the resulting
acidosis would lower the pH to 7.1. How-
ever, normal respiratory compensation would
reduce the PaCO2 to 27 mmHg and raise the
pH to about 7.25. (From Johnson RL, Ra-
manathan M. Buffer equilibra in the lungs.
In: The Kidney: Physiology and Pathophy-
siology. 2nd Edition. eds DW Seldin, 
G Giebisch. Philadelphia: Lippincott-
Williams & Wilkins, 1992, with permission.)



disorders associated with a metabolic acidosis are categorized
by the presence or absence of an anion gap, in that addition
of fixed acids results in an anion gap metabolic acidosis and
bicarbonate loss results in an non-anion gap metabolic aci-
dosis (Table 3.7). The anion gap (AG) refers to the difference
between measured cations (Na�) and measured anions (Cl�

and HCO3
�):

AG � Na� � (Cl� � HCO3
�)

The normal anion gap ranges from 3 to 11 mM/l. These un-
measured anions consist of proteins (primarily albumin), 
sulfates, phosphates, and organic acids. A reduction in the
plasma albumin concentration will reduce the baseline AG
approximately 2.5 mEq for every fall of 1 g/dl in the serum
albumin. Thus, a severely hypoalbuminemic patient may
have an anion gap metabolic acidosis with an apparently “nor-
mal” anion gap if this is not considered.

Lactic acidosis represents the most frequent cause of aci-
dosis in hospitalized patients. Most commonly, it arises as a
result of impaired tissue oxygenation caused by a reduction in
tissue perfusion or hypoxia. Hepatic dysfunction may also be
associated with the presence of a lactic acidosis because of im-
paired lactate clearance. An anion gap acidosis is also a feature
of renal failure. In uncomplicated renal failure, typically the
anion gap does not exceed 23 and the serum bicarbonate does
not drop below 12. If the acidosis extends beyond these para-
meters, another cause of acidosis should be considered.

The principal early manifestation of metabolic acidosis is
an increase in minute ventilation primarily resulting from an
increased tidal volume. The increase in minute ventilation
serves to compensate for the metabolic acidosis by eliminat-
ing more CO2. The appropriate ventilatory response should
reduce PaCO2 by 1 mmHg (from 40 mmHg) for every 1 mmol/l
drop in HCO3

�. If the reduction in CO2 is less than expected,
then ventilatory support should be strongly considered be-
cause any further aggravation of the acidosis may lead to rapid
decompensation. As the pH drops below 7.2, loss of vasomo-
tor tone and a reduction in myocardial contracility may lead
to cardiovascular collapse.

Treatment of metabolic acidosis is dependent on the un-
derlying etiology. In the case of lactic acidosis, efforts should
be directed toward optimizing tissue perfusion through ad-
ministration of crystalloid solutions or blood products. 
Administration of sodium bicarbonate is usually not indi-
cated unless the acidosis is severe (pH � 7.15; HCO3

� � 12
mmol/l). At this point the buffering capacity is markedly re-
duced and any further reduction in pH can lead to vasomo-
tor collapse. Further, at a pH below 7.2, catecholamine resis-
tance develops such that the myocardium and resistance
vessels may not respond to either endogenous or exogenous
catecholamines.

Metabolic Alkalosis

Primary metabolic alkalosis is characterized by an elevated
plasma HCO3

� concentration in the presence of an arterial
pH greater than 7.4. Manifestations are rare, but when they
do occur are chiefly those of excess neuromuscular ex-
citability including paresthesias, carpopedal spasm, or light-
headedness. Ventricular irritability may also be present at pH
greater than 7.55. The expected respiratory response is a re-
duction in minute ventilation such that for every 1 mmol/l
increase in plasma [HCO3

�] there should be a 0.7 mmHg in-
crease in PaCO2.

An elevation in plasma [HCO3
�] may occur as a result of

one of three mechanisms: loss of acid from the gastrointesti-
nal tract or urine; administration of HCO3

� or a precursor,
such as citrate (e.g., as occurs following massive blood trans-
fusions); or loss of fluid with a high chloride/bicarbonate ra-
tio. Treatment should be directed toward the underlying
cause.
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TABLE 3.7.   Metabolic Acidosis.

Anion gap Non-anion gap

Renal failure GI HCO3
� loss

Diarrhea, ileus, fistula, and 
ureterosigmoidostomy

Lactic acidosis Renal HCO3
� loss

Proximal renal tubular acidosis, 
acetazolamide

Ketoacidosis Failure of renal HCO3
� production

Diabetic, alcoholic, Distal renal tubular acidosis
starvation

Toxic ingestions
Salicylates, methanol, 
ethylene glycol,
paraldehyde, toluene

TABLE 3.8.   Respiratory Acid–Base Disorders by Mechanism.

Respiratory acidosis Respiratory alkalosis

Reduced respiratory drive Increased respiratory drive
Sedatives, hypnotics, narcotics Pain, fever, gram-negative sepsis, cirrhosis, CNS lesions, 
CNS lesions pregnancy (progesterone effect) salicylates, theophylline

Increased work of breathing Peripheral chemoreceptor stimulation
Restrictive lung disease: pulmonary Hypoxia, hypotension

fibrosis, pleural effusions, 
ankylosing spondylitis

Obstructive lung disease: upper air 
obstruction, asthma

Myopathies Pulmonary receptor stimulation
Paralysis, Guillan–Barre syndrome Pneumonia, pulmonary edema, pulmonary embolus

Increased CO2 production in concert 
with a fixed minute ventilation: 
e.g., fever, seizures, large 
pulmonary embolus



Respiratory Acid–Base Disorders

Respiratory acid–base disorders are categorized as either acute
or chronic. Chronic respiratory acid–base disorders differ from
acute disorders because of the time available for renal alter-
ations in either excretion of NH4

� or reabsorption of HCO3
�.

This renal compensatory response may occur after several
hours or days. Chronic respiratory disorders have a renal re-
sponse that leads to increased serum bicarbonate in respira-
tory acidosis and a decreased serum bicarbonate in respi-
ratory alkalosis. By contrast, acute changes are characterized
by significant changes in PaCO2 with minimal alterations in
serum HCO3

�.
In respiratory acidosis, a reduction in effective minute

ventilation leads to an increase in PaCO2 and a reduction in
pH. If the acidosis is acute, there should be no more than a
3 to 4 mEq/l rise in HCO3

� as the result of cellular buffer-
ing. If chronic, there should be a 0.3 mEq/l increase in
HCO3

� for each 1 mmHg increment in PaCO2. The most
common cause of respiratory acidosis in postoperative pa-
tients is central respiratory depression due to excessive post-
operative sedatives or narcotics (Table 3.8). In a patient with
a fixed minute volume (e.g., on a mechanical ventilator), an
increase in PaCO2 suggests either an increase in alveolar dead
space (e.g., pulmonary embolus) or increased CO2 produc-
tion. The treatment of respiratory acidosis should be di-
rected toward the underlying cause. If the cause is not eas-
ily correctable and the acidosis is severe, then assisted
ventilation will be necessary. Administration of exogenous
HCO3

� may lead to a further increase in PaCO2 and is there-
fore not indicated.

Respiratory alkalosis is common in surgical patients. Typ-
ically, excessive pain, fever, or gram-negative sepsis lead to
an increase in central respiratory drive, causing a reduction
in PaCO2, and, if chronic, a compensatory increase in serum
HCO3

� (Table 3.8). If the alkalosis is acute, then there should
be no greater than a 3 to 4 mEq/l reduction in serum HCO3

�.
In chronic respiratory alkalosis, a reduction in HCO3

� of 0.4
to 0.5 mEq/l for each 1 mmHg reduction in PaCO2 is expected.
If treatment is indicated, it should be directed toward the un-
derlying cause.
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Hemostasis and 
Coagulation

Marcel Levi and Tom van der Poll

Basic Considerations

Current Insights into the Function 
of the Hemostatic System In Vivo

Blood coagulation can be divided into three parts: (1) primary
hemostasis, consisting of the formation of a platelet plug and
the occurrence of vasoconstriction, as a first line of defense
of the body against bleeding; (2) fibrin formation, as a result
of the activation of various coagulation proteins, which ulti-
mately results in the generation of thrombin and subsequent
fibrinogen to fibrin conversion; and (3) removal of fibrin,
which is a function of the fibrinolytic system.1,2

PRIMARY HEMOSTASIS

After disruption of the integrity of the vessel wall, platelets
adhere to the (sub)endothelium by means of their surface
membrane glycoprotein receptor Ib. The ligand between this
receptor and the vessel wall is the circulating protein named
von Willebrand factor. As a consequence, the platelet be-
comes activated, which results in the expression of the
platelet membrane surface receptor glycoprotein IIb/IIIa. Sub-
sequently, platelets may aggregate with each other through
this receptor, using circulating fibrinogen as a ligand. Red
blood cells appear to play an important role in platelet adhe-
sion and aggregation, potentially because of their physical ca-
pability to facilitate platelet transport to the surface (Fig. 4.1).
Therefore, adequate function of primary hemostasis is de-
pendent on a sufficiently high hematocrit.3

During the activation of the platelets and via a series of
enzymatic reactions, arachidonic acid (from the platelet mem-
brane) is converted into several eicosanoids, such as throm-
boxane A2 and various prostaglandins. These mediators may
exert a vasoconstricting action and thus promote further ac-
tivation of primary hemostasis. Another consequence of plate-
let activation is the release of various proteins from platelet
storage granules, including (1) several platelet agonists (such
as ADP and serotonin), (2) coagulation factors (such as von

Willebrand factor and coagulation factor V), (3) heparin-
binding proteins (such as platelet factor 4 and �-throm-
boglobulin), and (4) proteins with activity as a growth factor
or chemokine (such as platelet-derived growth factor [PDGF],
platelet transforming growth factor-�1 [platelet TGF-�1], epi-
dermal growth factor, or thrombopoietin [TPO]). Last, the
phospholipid membrane of the activated platelet provides an
excellent surface on which the generation of thrombin and
subsequent fibrin formation may take place.4

BLOOD COAGULATION

Although the coagulation system has traditionally been di-
vided into an intrinsic and extrinsic pathway, such a division
does not exist in vivo.5 A schematic outline of the activation
of coagulation in vivo is provided in Figure 4.2.

The principal route of activation of blood coagulation is
via the tissue factor–factor VII pathway (the former “extrinsic
system”). Tissue factor is a membrane-associated glyco-
protein that is not in contact with the blood under physio-
logical circumstances. Tissue factor is present at subendothe-
lial sites and becomes exposed to the blood upon disruption
of the normal architecture of the blood vessel. Alternatively,
tissue factor can be expressed by endothelial cells or by
mononuclear cells in response to certain stimuli, such as in-
flammatory mediators. After exposition of tissue factor to
blood, a complex between tissue factor and factor VII occurs,
upon which factor VII is converted into its active form (factor
VIIa). The tissue factor–factor VII(a) complex subsequently
binds and activates factor X, resulting in factor Xa. Once fac-
tor Xa is formed, it converts prothrombin (factor II) to throm-
bin (factor IIa). This enzymatic reaction requires the presence
of factor V as a cofactor, and is most efficient in the presence
of a suitable phospholipid surface, such as that provided by
the activated platelet.

An alternative route for factor Xa activation by the tissue
factor–factor VIIa complex is by the activation of factor IX.
The importance of this “secondary” pathway for activation
of coagulation is best illustrated by the striking hemorrhagic
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diathesis of patients with a deficiency of factor VIII or IX (he-
mophilia A and B, respectively; the incidence of hemophilia
A and B is 1:10,000 and 1:70,000, respectively). A third am-
plifying pathway of the blood coagulation system consists of
the activation of factor XI by thrombin. Factor XIa subse-
quently activates factor IX, resulting in further factor Xa and
thrombin generation.

Thrombin is the key enzyme in the activation of coagu-
lation. The presence of thrombin is not only essential for the
conversion of fibrinogen into fibrin, but thrombin is also able
to activate various coagulation factors and cofactors, thereby
strongly facilitating its own formation. In addition, thrombin
is a very strong activator of platelet aggregation. The forma-
tion of cross-linked fibrin is the ultimate step in the coagu-
lation cascade. To further stabilize the clot, cross-linking of
fibrin takes place by thrombin-activated factor XIII.

Synthesis of most of the coagulation factors takes place in
the liver. Some coagulation factors (II, VII, IX, and X) require
the presence of vitamin K for proper synthesis: in the absence
of vitamin K, inactive precursor molecules are formed.

NATURAL ANTICOAGULANT MECHANISMS

Activation of the coagulation system is regulated at various
points (see Fig. 4.2).6 Inhibition of the tissue factor–factor VIIa
complex may occur by the action of tissue factor pathway in-

hibitor (TFPI), a surface-associated protease inhibitor. Further
regulation takes place by the protein C system. Activated pro-
tein C, assisted by its essential cofactor (protein S), prote-
olytically degrades the important cofactors V and VIII. Acti-
vated protein C is formed upon activation of circulating
protein C by the endothelial cell-bound enzyme thrombo-
modulin in association with thrombin. Hence, thrombin not
only plays a pivotal role in coagulation activation but is also
involved in the inhibition of blood coagulation. Both protein
C and protein S are vitamin K-dependent proteins. A third in-
hibitory system is formed by antithrombin III: This serine
protease inhibitor forms complexes with thrombin and fac-
tor Xa, thereby losing their coagulant activity. The inhibitory
action of antithrombin III on thrombin and factor Xa is
strongly amplified in the presence of heparin.

A (usually hereditary) deficiency of antithrombin III, pro-
tein C, or protein S results in a procoagulant state, and pa-
tients with these deficiencies are prone to develop thrombo-
sis. This development may occur in particular in situations
with an enhanced thrombotic risk, such as the puerperium
or postoperatively. A situation in which there is normal func-
tional protein C but an impaired sensitivity of factor V to pro-
tein C is called activated protein C resistance (APC resistance)
and is caused by a point mutation in factor V (factor V Lei-
den). The prevalence of this mutation is about 3% to 5% in
the general population and may account for about 30% of all
idiopathic venous thromboembolism.

FIBRINOLYSIS

Fibrin plays only a temporary role and must be removed to
restore normal tissue structure and function. The enzymatic
degradation of fibrin is carried out by the fibrinolytic system,
which is partly responsible for the unobstructed flow of blood.
The function of the fibrinolytic system is schematically 
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FIGURE 4.1.  Platelet adherence to endothelium occurs via interac-
tion of the platelet receptor and von Willebrand factor (top). This
mechanism results in activation and expression of additional platelet
receptors, which may aggregate via fibrinogen to other platelets (bot-
tom).

FIGURE 4.2.  Schematic representation of the function of blood co-
agulation in vivo. The principal route of thrombin generation pro-
ceeds by the direct activation of factor X by the tissue factor–factor
VIIa complex (black arrows). An alternative pathway is formed by
the activation of factor IX by the tissue factor–factor VIIa complex
and the activation of factor X by this activated factor IX (and cofac-
tor VIII) (shaded arrows). A third amplifying pathway consists of the
thrombin-mediated activation of factor XI, which can subsequently
activate factor IX and X (open arrows). The point of impact of the
three inhibitory systems (antithrombin III, the protein C and S sys-
tem, and tissue factor pathway inhibitor [TFPI], respectively) are in-
dicated with the dotted lines.



represented in Figure 4.3. The pivotal event in the process of
fibrinolysis is the conversion of the inactive zymogen plas-
minogen into the active protease plasmin, which cleaves
cross-linked fibrin, resulting in the dissolution of a clot. Plas-
minogen activators, of which tissue-type plasminogen acti-
vator (tPA) and urokinase-type plasminogen activator (uPA)
are most important, mediate the conversion of plasminogen
into plasmin. Both activators are present in endothelial cells
and may be released by various stimuli, including hypoxia
and acidosis, as may occur during thrombotic occlusion. In-
hibition of the fibrinolytic system may occur at the level of
the plasminogen activators by plasminogen activator in-
hibitors (such as PAI-1) or at the level of plasmin by circu-
lating protease inhibitors, of which �2-antiplasmin is the most
important one.

An imbalance between activators and inhibitors of the fib-
rinolytic system, resulting in a net antifibrinolytic state, may
contribute to the development of thrombosis. The efficacy of
postoperative pneumatic calf compression may be based not
only on rheological advantages in the venous circulation but
also result from the enhanced release of plasminogen activa-
tors from the vessel wall upon compression (and venous oc-
clusion), thereby compensating for this fibrinolytic imbalance.

Anticoagulant Agents

ANTIPLATELET AGENTS

Platelets play a pivotal role in primary hemostasis and in the
initiation of arterial and, to a lesser extent, venous thrombo-
sis. Inhibition of platelet activity has been shown to be an ef-
fective strategy in the prevention and treatment of throm-
boembolic disease.

The antiplatelet effect of aspirin is based on the irre-
versible inhibition of the platelet membrane-associated en-
zyme cyclooxygenase. Cyclooxygenase is a crucial enzyme in
the arachidonic acid metabolic pathway, and inhibition of this
enzyme blocks the formation of thromboxane A2, a potent
platelet agonist and mediator of vasoconstriction. Low doses
of aspirin preferentially inhibit the formation of platelet
thromboxane A2, whereas interference with the formation of
other prostaglandins such as the platelet antagonist and va-
sodilator prostacyclin (PGI2) by endothelial cells seems less
prominent. The use of aspirin results in an irreversible (and
relatively weak) inhibition of platelet aggregation; and may

be associated with significant impairment of primary hemo-
stasis and a mild enhancement of bleeding as a consequence.
In view of the life span of platelets (approximately 10 days),
5 to 7 days are usually required after termination of aspirin
use to restore an adequate platelet function and effective he-
mostasis. The most important adverse effects of aspirin are
bleeding and the occurrence of hemorrhagic gastritis or even
gastric ulceration.

Dipyridamole exerts its antiplatelet effect by inhibition of
phosphodiesterase, resulting in the intracellular accumulation
of cyclic AMP, which has an antiaggregating effect. However,
it has not shown any significant efficacy on the prevention of
thromboembolic disease in large clinical trials. Another novel
class of platelet inhibitors is represented by ADP-inhibitors,
such as Clopidogral (Plavix R).

Inhibitors of the glycoprotein receptor IIb/IIIa represent
a new generation of antiplatelet agents that has been re-
cently introduced. This group includes compounds such as
tirofiban and the monoclonal antibody abciximax (Reopro®).
These agents are potent inhibitors of platelet function. Their
relative efficacy and safety are currently being evaluated in
clinical trials.

VITAMIN K ANTAGONISTS (COUMARIN DERIVATIVES)

Oral anticoagulant agents are coumarin derivatives, such as
warfarin, acenocoumarol, and phenprocoumon.7 These com-
pounds block the essential vitamin K-dependent carboxyla-
tion of coagulation factors II, VII, IX, and X, resulting in the
formation of biologically inactive proteins and a decrease in
the coagulant activity of these factors in plasma. The half-
life of vitamin K-dependent coagulation factors ranges from
6 (factor VII) to 60 h (factor II); hence, the full effect of ther-
apy is delayed for 2 or 3 days. Also, full restoration of normal
coagulation after termination of coumarin therapy requires at
least 3 to 5 days. The dose–effect relationship of oral antico-
agulants may vary considerably both between patients (in-
terindividual) and in any patient over time (intraindividual)
as the result of changes in binding to plasma albumin, vari-
able vitamin K intake, and variable clearance by the liver.
Therefore, close monitoring of the intensity of anticoagula-
tion is required. To do so, the prothrombin time (PT) deter-
mination is most often used. To correct for considerable dif-
ferences in thromboplastin sensitivity, the International
Normalized Ratio (INR) has been established. The INR cor-
rects for the differences of the various thromboplastins used
in the prothrombin time assays as compared to an interna-
tional reference thromboplastin preparation. Increasing val-
ues of the INR represent higher intensities of anticoagulation,
an INR of 1.0 indicating no anticoagulation. The most im-
portant side effect of coumarin treatment is bleeding.

HEPARIN AND LOW MOLECULAR WEIGHT HEPARIN

Heparin binds to antithrombin III, thereby potentiating the
inhibitory effect of antithrombin III on coagulation factors IIa
(thrombin) and Xa more than 1000- fold. The effect of heparin
after intravenous administration is immediate, and heparin
has a dose-dependent half-life: After the intravenous admin-
istration of a bolus dose of 5,000 units, the mean half-life is
approximately 60 to 90 min. Also, the anticoagulant effect of
heparin may be highly variable, and therefore frequent labo-
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FIGURE 4.3.  Schematic representation of the fibrinolytic system.
Activation of fibrinolysis is indicated with black arrows and inhibi-
tion of the system by the open arrows.



ratory monitoring is required. Usually the activated partial
thromboplastin time (aPTT) is used to tailor heparin treat-
ment. In special conditions, such as extracorporeal cardiopul-
monary bypass, the whole blood activated clotting time (ACT)
may be applied.

Low molecular weight heparins have recently been in-
troduced that have an average molecular weight between 4
and 6 kDa.8 In some situations these heparin fractions have
shown a more favorable antithrombotic effect and induce less
bleeding complications at therapeutic doses as compared to
unfractionated heparin. In addition, low molecular weight 
heparins have a highly predictable inter- and intraindividual
bioavailability and clearance, thereby precluding the need for
frequent laboratory monitoring and frequent dose adjust-
ments. The much longer half-life of low molecular weight 
heparins as compared to unfractionated heparin is advanta-
geous in situations in which stable anticoagulation is re-
quired over a longer period of time. Large randomized con-
trolled trials have demonstrated the efficacy and safety of
low molecular weight heparin in the postoperative preven-
tion of venous thromboembolism in various surgical patients
(Table 4.1).

Bleeding is the most frequently encountered adverse ef-
fect of heparin treatment. In addition, heparin-induced throm-
bocytopenia (HIT) may occur. This entity is an immunolog-
ical response to heparin characterized by the occurrence of
thrombocytopenia and venous and arterial thromboem-
bolism. HIT usually occurs at 5 to 7 days after initial expo-
sure to heparin, but may be an immediate complication if the
patient has received heparin previously. It is essential to im-
mediately discontinue heparin in patients with HIT. Alter-
native anticoagulant therapy may consist of treatment with
hirudin or heparinoids but not with coumarin derivatives,
which may promote skin necrosis. Last, long-term use of hep-
arin has been associated with the occurrence of osteopenia.
These adverse effects appear to have a lower incidence if low
molecular weight heparin is used.

THROMBOLYTIC AGENTS

Rapid dissolution of clots can be attained by the administra-
tion of thrombolytic agents. All thrombolytic agents are plas-
minogen activators, either recombinant endogenous plas-
minogen activators (such as recombinant tPA), administered

at a dose that is 1000-fold higher than physiological concen-
tration, or derived from exogenous sources, such as strepto-
kinase. The most important side effect of thrombolytic treat-
ment is bleeding.

Prohemostatic Agents

PLATELETS, PLASMA, AND COAGULATION

FACTOR CONCENTRATES

Platelet transfusion may be considered in patients with se-
vere thrombocytopenia and bleeding or a risk for bleeding.
Platelet concentrates usually contain a mixture of the platelet
preparation of the blood donation from six donors (6 units).
After platelet transfusion, the platelet count should rise by at
least 5 � 109/l per unit of platelets transfused. Guidelines for
platelet transfusion are given in Table 4.2.

Fresh or frozen plasma contains all coagulation factors and
may be used to replenish congenital or acquired deficiencies
in these factors. For more specific therapy, or if the transfu-
sion of large volumes of plasma is not desirable, fractionated
plasma of purified coagulation factor concentrate is available.9

Suggested guidelines for the use of fresh frozen plasma are
given in Table 4.3.

Prothrombin complex concentrates (PCCs) contain the vi-
tamin K-dependent coagulation factors II, VII, IX, and X.
Hence, these concentrates may be used if immediate rever-
sal of coumarin therapy is required.

Cryoprecipitate is fractionated plasma that contains
mainly von Willebrand factor, factor VIII, and fibrinogen.
However, because of problems in the production of cryopre-
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TABLE 4.1.   Summary of Randomized Controlled Trials on the Efficacy and Safety of Low Molecular Weight Heparin in the Prevention of
Postoperative Venous Thromboembolism in Patients Undergoing General Surgery, Major Orthopedic Surgery (Total Hip Replacement and
Total Knee Replacement), and Trauma Surgery (level I evidence).

Incidence of Relative risk reduction of Increase in total bleeding Increase in major bleeding
Type venous postoperative venous complications complications
of No. of No. of thromboembolism thromboembolism (compared with placebo) (compared with placebo)
surgery trials patients (95% CI) (compared with placebo) (95% CI) (95% CI)

General 12 4386 5% (4–6) 80% 16% 3%
surgery
Major 30 4712 21% (20–22) 71% 7% �1%
orthopedic
surgery
Trauma 5 437 28% 44% 11% 0%
surgery

Source:
Koch A, Bouges S, Ziegler S, Dinkel H, Daures JP, Victor N. Low molecular weight heparin and unfractionated heparin in thrombosis prophylaxis after major
surgical intervention. Update of previous meta-analyses. Br J Surg 1997;84:750–759.

Palmer AJ, Koppenhagen K, Kirchhof B, Weber U, Bergemann R. Efficacy and safety of low molecular weight heparin, unfractionated heparin and warfarin for
thrombo-embolism prophylaxis in orthopaedic surgery: a meta-analysis of randomised clinical trials. Haemostasis 1997;27:75–84.

TABLE 4.2.   Suggested Transfusion Guidelines for Platelet 
Concentrates.

Platelet count �10 � 109/l
Platelet count �50 � 109/l with demonstrated bleeding or a 
planned surgical/invasive procedure
Documented platelet dysfunction (e.g., prolonged bleeding time)
with (microvascular) bleeding or undergoing a surgical/invasive
procedure and (assumed) insufficient efficacy of other interventions
(e.g., desmopressin)
Bleeding patients or patients undergoing a surgical procedure who 
require more than 10 U of packed red cells



cipitate, particularly with regard to standards to prevent the
transmission of infectious agents, in most parts of the West-
ern World cryoprecipitate is not readily available.

Purified concentrates containing only that specific factor
are available for a selected number of clotting factors. These
concentrates are particularly useful in cases of isolated (usu-
ally congenital) deficiency of a single clotting factor, such as
factor VIII concentrate for the treatment of hemophilia A.

Clotting factor concentrates derived from plasma are of
human origin. Potentially, these carry the risk of transmis-
sion of blood-borne diseases. Despite all current measures to
prevent this complication, these risks are not fully elimi-
nated. Hence, the use of these products should be limited as
much as possible, especially if no strict indication is present
or an alternative treatment is available.

DESMOPRESSIN

Deamino-D-arginine vasopressin (DDAVP, desmopressin) is a
vasopressin analogue that induces release of the contents of
the endothelial cell-associated Weibel–Palade bodies, includ-
ing von Willebrand factor.10 Hence, the administration of
DDAVP results in a marked increase in the plasma concen-
tration of von Willebrand factor (and associated coagulation
factor VIII). DDAVP can be administered by different routes
(intravenously, subcutaneously, and intranasally) but is usu-
ally administered by intravenous administration, resulting in
an immediate prohemostatic effect. DDAVP is used for the
prevention and treatment of bleeding in patients with von
Willebrand disease or mild hemophilia A. It is also used in
patients with an impaired function of primary hemostasis,
such as those with uremia, liver cirrhosis, or aspirin-associated
bleeding.

RECOMBINANT FACTOR VIIA

Given that activation of coagulation in vivo predominantly
proceeds by the tissue factor–factor VII(a) pathway, recombi-
nant factor VIIa has been developed as a prohemostatic agent
and has recently become available for clinical use. Although
no thrombotic complications of recombinant factor VIIa treat-
ment have been reported thus far, the safety of this strategy
in a general population remains to be established.

ANTIFIBRINOLYTIC AGENTS

Agents that exert antifibrinolytic activity are aprotinin and
the group of lysine analogues.11 The prohemostatic effect of
these agents proceeds both by the inhibition of fibrinolysis
(thereby shifting the procoagulant–anticoagulant balance to-

ward a more procoagulant state) and by a protective effect on
platelets.

Aprotinin directly inhibits the activity of various serine
proteases, including plasmin, coagulation factors or inhibitors,
and constituents of the kallikrein-kinin and angiotensin sys-
tem. The most important clinical side effect of aprotinin is a
rarely occurring, but sometimes serious, allergic or anaphy-
lactic reaction. The use of aprotinin is contraindicated in cases
of ongoing systemic intravascular activation of coagulation, as
in disseminated intravascular coagulation (DIC) and in patients
with renal failure.

Lysine analogues (i.e., �-aminocaproic acid and tranex-
amic acid) are potent inhibitors of fibrinolysis. The antifibri-
nolytic action of lysine analogues is based on the competi-
tive binding of these agents to the lysine-binding sites of 
a fibrin clot, thereby competing with the binding of plasmino-
gen. Impaired plasminogen binding to fibrin delays the con-
version of plasminogen to plasmin and subsequent plasmin-
mediated fibrinolysis. The use of lysine analogues is
contraindicated in situations with ongoing systemic activa-
tion of coagulation (such as in DIC) and in cases of macro-
scopic hematuria because the inhibition of fibrinolysis may
result in deposition of urinary tract-obstructing clots.

OTHER PROHEMOSTATIC AGENTS

Conjugated estrogen preparations may also improve primary
hemostasis. Currently there is no sound evidence for the use
of these agents to prevent or treat perioperative bleeding.

Fibrin sealant, usually consisting of a combination of hu-
man fibrinogen and bovine thrombin, may be used as a top-
ical hemostatic agent. Although a number of controlled stud-
ies have shown the efficacy of this treatment in various
surgical situations, there is no evidence that application of
fibrin sealant results in a reduction of intraoperative or post-
operative blood loss or other clinically significant outcome
measures. In addition, fibrinogen is usually derived from hu-
man donor plasma and may carry the risk of transmission of
blood-borne diseases. Further, the bovine origin of the throm-
bin may result in the formation of anticoagulation factor an-
tibodies cross-reacting with human coagulation factors, re-
sulting in a potentially severe bleeding tendency.

Monitoring of Blood Coagulation

For proper function of primary hemostasis, a platelet count
of at least 30 to 50 � 109 is required. The function of the
primary hemostatic system may be tested by performance
of the bleeding time. However, clinical studies have shown
that there is no correlation between the result of the bleed-
ing time and the occurrence and intensity of perioperative
bleeding. 

Most frequently used screening tests for blood coagulation
are the prothrombin time (PT) and the activated partial throm-
boplastin time (aPTT). Although both PT and aPTT are highly
artificial and do not fully reflect coagulation in vivo, these
tests are useful to screen for deficiencies of single or multiple
coagulation factors. In case of an abnormal test result, assay-
ing the coagulant activity of selected coagulation factors can
be performed to more incisively analyze the function of blood
coagulation. In addition, the PT is used to monitor coumarin
treatment, whereas the aPTT is most frequently used to mon-
itor the intensity of heparin anticoagulation.
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TABLE 4.3.   Suggested Transfusion Guidelines for Fresh Frozen
Plasma.

Correction of multiple or specific coagulation factor deficiencies 
in bleeding patients or if a surgical/invasive procedure is planned

Congenital deficiencies of a specific factor (provided specific 
factor concentrates are not available, e.g., factor XI)
Acquired deficiencies, e.g., related to liver disease, massive
transfusion, or disseminated intravascular coagulation

Volume replacement in case of severe bleeding to avoid massive 
transfusion of gelatin or crystalloid solutions
Thrombocytopenic thrombotic purpura



Clinical Management of Coagulation 
Abnormalities and Bleeding

Conditions Associated with an 
Enhanced Risk of Perioperative Bleeding

CONGENITAL COAGULATION ABNORMALITIES

Congenital defects, either in primary hemostasis or in the
blood coagulation system, may cause very serious intraoper-
ative and postoperative bleeding. Albeit not an absolute rule,
a defect in primary hemostasis will cause immediate hemo-
static problems, whereas a defective blood coagulation system
may cause postoperative bleeding up to 1 week after surgery.

The most frequently occurring congenital defect in pri-
mary hemostasis is a deficiency of von Willebrand factor, also
called von Willebrand disease. (The incidence of severe von
Willebrand disease is estimated at 1:25,000, but milder forms
of this disorder may be present in 1 to 5 of 1,000 patients.)
Low levels of von Willebrand factor are usually associated
with low levels of factor VIII and a resulting impairment of
blood coagulation. A typical patient with von Willebrand dis-
ease has a lifelong bleeding tendency, particularly of mucosal
tissues (such as gingival or nose bleeding). Laboratory tests
will reveal a prolonged bleeding time and low level of von
Willebrand factor (and factor VIII) levels. Treatment of or pre-
vention of bleeding in a patient undergoing an invasive pro-
cedure may consist of the administration of desmopressin,
which will result in a two- to threefold increase in endoge-
nous von Willebrand factor levels. If desmopressin has an in-
sufficient effect when retested, von Willebrand factor con-
centrate may be administered. Also, adjunctive treatment
with lysine analogues has proven to be effective.

Other congenital defects in primary hemostasis are
thrombocytopathies, including the rarely occurring deficien-
cies of platelet membrane glycoproteins. The inability of
platelets to release their contents upon activation (storage
pool disease) is another cause of thrombocytopathy. No spe-
cific cause can be found in a considerable number of throm-
bocytopathies. All thrombocytopathies are detected by a pro-
longed bleeding time. Small uncontrolled trials indicate that
a sufficient improvement of primary hemostasis may be
achieved by the administration of desmopressin, potentially
in combination with lysine analogues.12 If this is not suffi-
cient, a platelet transfusion should be considered. The best
known congenital defects in blood coagulation are hemo-
philia A and hemophilia B, deficiencies of factor VIII and IX,
respectively. Severe hemophilia (factor VIII or IX �1%) is
characterized by a spontaneous bleeding tendency, particu-
larly in muscles and joints. Moderate or mild hemophilia usu-
ally presents with bleeding after trauma or an invasive med-
ical intervention. Spontaneous bleeding is rare. A deficiency
in factor XI is a relatively frequent disorder and is associated
with a bleeding tendency of a variable degree. Deficiencies in
all other coagulation proteins do occur, but are relatively rare.

Coagulation factor deficiencies may be detected by pro-
longed clotting times (aPTT or PT), and subsequent analysis
reveals a low level of the deficient factor. These screening
tests do not detect a deficiency of factor XIII, which is char-
acterized by rebleeding after initial adequate hemostasis.
Treatment of coagulation factor deficiencies may be achieved
by administration of coagulation factor concentrate. In case
of a patient with hemophilia who must undergo a major sur-

gical intervention, coagulation factor administration should
continue for at least 7 to 10 days.

LIVER FAILURE

Because the liver produces most coagulation factors, insuffi-
cient liver function is associated with low levels of coagula-
tion factors.13 A deficiency of vitamin K, as in cases of bil-
iary tract obstruction or resulting from loss of storage sites
in hepatocellular disease, may further lower levels of vitamin
K-dependent factors. If liver failure is associated with portal
hypertension and associated splenomegaly, a serious throm-
bocytopenia may also exist. In cirrhotic patients, impaired
platelet function is often encountered. Because of these com-
bined coagulation defects, patients with liver failure are at a
considerable risk of perioperative bleeding.14 Management of
such patients includes perioperative assessment of the coag-
ulation status by measuring platelet count, bleeding time,
aPTT, and PT (and potentially one or two coagulation fac-
tors). A potential vitamin K deficiency should be treated with
vitamin K1. Correction of low levels of coagulation factors
may be achieved by the administration of plasma or pro-
thrombin complex concentrates. Large quantities of plasma,
however, may precipitate hepatic encephalopathy or cause
fluid overload. Patients with a severe thrombocytopenia (i.e.,
platelets �30–50 � 109/l) should receive a transfusion with
platelet suspension. However, platelet concentrates may be
effective only briefly because of the rapid removal of platelets
by the enlarged spleen. In addition, small controlled studies
have shown that the administration of desmopressin may re-
sult in an improvement of the bleeding time, although it is
not clear whether this treatment reduces the risk of periop-
erative bleeding.15

RENAL FAILURE

Patients with renal failure often present with coagulation ab-
normalities and are at risk for enhanced bleeding. The hem-
orrhagic tendency in patients with uremia can be attributed
to an impaired platelet adhesion, aggregation, and release. In
addition, a low hematocrit in patients with renal failure may
contribute to the impaired function of primary hemostasis.16

The extent of the defect in primary hemostasis may be 
established by the bleeding time. The administration of
desmopressin has been shown to result in a correction of the
prolonged bleeding time in patients with uremia.17 If an in-
sufficient correction of the bleeding time is achieved, the ad-
ministration of platelet concentrates could be added to the
desmopressin treatment. Additional measures include the
correction of anemia and execution of hemodialysis, which
has been shown to (partially) restore the function of primary
hemostasis.

VITAMIN K DEFICIENCY

Vitamin K is essential for the production of several coagula-
tion factors (factor II, VII, IX, and X), and a deficiency in vi-
tamin K results in low plasma levels of these factors. A vit-
amin K deficiency will result in a prolongation of global
coagulation times, in particular the prothrombin time. Diag-
nosis of vitamin K deficiency can be made by administering
vitamin K and observing the effect on the PT, which should
be corrected within 24 h. Vitamin K1 (usually 10 mg) can be
administered orally and parenterally, but oral treatment is ob-

4 4 CHAPTER 4



viously not adequate in case of insufficient adsorption. In-
travenous administration is preferred over intramuscular
treatment (in view of the risk of muscle bleeds in patients
with low levels of coagulation factors), but may be associated
with a (small) risk of an adverse response. If immediate cor-
rection of deficiency of vitamin K-dependent coagulation fac-
tors is required, the administration of prothrombin complex
concentrate will immediately restore the defect.

IMMUNE THROMBOCYTOPENIA AND OTHER

IMMUNE COAGULATION DISORDERS

Immune thrombocytopenia (immune thrombocytopenic pur-
pura, ITP) is caused by the presence of autoantibodies, usu-
ally directed against platelet glycoproteins. Increased platelet
destruction and removal by the reticuloendothelial system
may result in splenomegaly. In severe cases, the platelet count
may be as low as 10 � 109 platelets/l, and autoantibodies to
platelets are almost always detectable in serum. In general,
patients with autoimmune thrombocytopenia have an en-
hanced bleeding risk, and retrospective data indicate that a
platelet count of less than 50 � 109/l might predispose for an
enhanced risk of perioperative bleeding.18 Infusion with hu-
man immunoglobulin may provide a rapidly occurring but
relatively short-lasting increase in the platelet count, and thus
may be useful in case a nonelective major invasive procedure
is necessary. Transfusion of platelets may cause the forma-
tion of other antiplatelet antibodies and should be reserved
for emergency situations. The incidence of major bleeding
complications in patients with autoimmune thrombocytope-
nia is very low following an appropriate preoperative prepa-
ration.

The development of (auto)antibodies to a coagulation fac-
tor (most frequently factor VIII) causes a rare but dangerous
disorder.19 This disorder is characterized by a severe bleeding
tendency and is associated with high morbidity and mortal-
ity from bleeding. Laboratory tests will reveal a prolongation
of the aPTT or PT that is not shortened after addition of nor-
mal plasma. A definitive diagnosis can be made by measur-
ing the individual coagulation factors and by quantification
of the inhibitor. Treatment may consist of (high doses) coag-
ulation factor concentrate, activated prothrombin complex
concentrates, or recombinant factor VIIa. The management
of this disorder is complicated and should be carried out in a
specialized center.

OTHER CONDITIONS ASSOCIATED WITH

COAGULATION ABNORMALITIES

Other conditions associated with coagulation abnormalities in-
clude myeloproliferative or lymphoproliferative disorders,
which may be associated with defective primary hemostasis
caused by a combination of thrombocytopenia and impaired
platelet function. Patients with malignancies may present with
diverse coagulation abnormalities resulting from impaired pri-
mary hemostasis, low-grade disseminated intravascular coag-
ulation (see following), or systemic hyperfibrinolysis.

How to Identify Patients at Risk for Bleeding

The cornerstone for recognition of a clinically significant co-
agulation disorder is the medical history, which should in-
clude an inquiry specifically about previous surgical proce-

dures, bleeding complicating trauma, and bleeding after tooth
extraction. A potential congenital coagulation disorder might
be identified on the basis of a history of lifelong bleeding com-
plications after minor trauma or interventions and a bleeding
tendency in other members of the family. In addition, the his-
tory should particularly focus on the use of drugs that might
affect hemostasis. During physical examination, abnormal
bruising, petechiae, and splenomegaly are signs that might
point to a defect in the coagulation system. Retrospective and
prospective studies have shown that routine coagulation tests
for most surgical procedures are not useful in patients with
a negative medical history and normal physical examination.
If the history is suspicious for bleeding disorders and if screen-
ing test results are abnormal, further analysis should be 
carried out. Table 4.4 summarizes the potential causes of ab-
normalities in the screening tests and suggests some follow-
up tests to further analyze these abnormalities.

Consequences of the Preoperative Use 
of Anticoagulant Agents for Perioperative 
Bleeding Complications

Anticoagulant and antiplatelet agents are important in the
primary treatment and secondary prevention of atherothrom-
botic cardiovascular disease and venous thromboembolism.
A growing number of patients who must undergo a surgical
procedure will be using aspirin, other antiplatelet agents, or
oral anticoagulants.

A number of studies have addressed the question whether
the preoperative use of aspirin results in an increased risk of
perioperative bleeding. For major surgical procedures, most
trials indicate that the preoperative use of aspirin resulted in
enhanced perioperative bleeding, more transfusion of red
blood cells and other blood products, longer operation times,
and a higher incidence of reoperation because of excessive
bleeding.20,21

However, more recent trials showed that the use of lower
doses of aspirin that are currently in use (100 mg daily), al-
beit associated with increased perioperative blood loss, is
without an increase in the transfusion need, incidence of re-
operation due to bleeding, or duration of hospital stay.22 A
number of small clinical studies have shown that the ad-
ministration of deamino-D-arginine vasopressin (DDAVP,
Desmopressin) may effectively reduce the antihemostatic ef-
fect of aspirin.23 Infusion of DDAVP (0.3 �g/kg) in patients
who had used aspirin within 7 days before surgery resulted
in a reduction of total blood loss and decreased red cell trans-
fusion as compared to placebo. In cardiac surgery, a similar
effect may be achieved by the administration of aprotinin.

Aspirin treatment should be interrupted at least 5 to 7
days preoperatively in case of elective surgery. For nonelec-
tive and emergency situations, minor procedures can be per-
formed without any specific intervention. For major surgery
or those procedures where even minor blood loss is not de-
sirable, transfusion of platelets or administration of desmo-
pressin should be considered.

Prospective studies have shown that the preoperative use
of other nonsteroidal antiinflammatory agents is not associ-
ated with enhanced perioperative bleeding.24 As far as the pre-
operative use of oral anticoagulants is concerned, earlier stud-
ies showed an unacceptable high incidence of perioperative
bleeding, in particular in case of major surgery. Prospective
clinical trials, however, show that surgery may be safely per-
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formed at low levels of anticoagulation (INR �1.5).25 The dose
of coumarin should be significantly reduced preoperatively to
achieve these levels. In csaes where the interruption of anti-
coagulant treatment for recent venous thromboembolism
may place the patient at high risk for recurrence in the post-
operative period, it might not be desirable to interrupt anti-
coagulant treatment. In such cases, interruption of oral anti-
coagulation and simultaneous initiation of intravenous
heparin should be contemplated. Shortly before the operation,
heparin may be discontinued and may be restarted at 6 to 12
hours postoperatively.26 In case of nonelective surgery, a rapid
(12–24 h) reversal of coumarin therapy may be achieved by
the administration of 10 mg of vitamin K. This treatment
should be continued for 3 to 5 days, dependent on the half-
life of the type of coumarin used. If necessary, immediate and
complete correction of coagulation may be achieved by the
administration of prothrombin complex concentrate.

The preoperative use of prophylactic (low molecular
weight) heparin for the prevention of postoperative venous
thromboembolism is not associated with an enhanced risk of
intraoperative and postoperative bleeding in a large series of
randomized controlled trials.27 In patients treated with ther-
apeutic doses of heparin, discontinuation of heparin will re-
sult in a near normalization of coagulation in approximately
3 to 4 hours. If rapid reversal of heparin treatment is needed
(for example, in case of severe bleeding), this may be achieved
by the administration of protamine.

Reduction of Perioperative Blood Loss 
by Interventions in the Coagulation System

CARDIAC SURGERY

Cardiac surgery may be associated with blood loss resulting
from hemostatic imbalances. These mechanisms include (1)

the loss of platelets and impairment of platelet function
caused by cardiopulmonary bypass, (2) hemodilution with as-
sociated decreased plasma concentrations of coagulation fac-
tors, (3) incomplete neutralization of heparin given during car-
diopulmonary bypass, and (4) an inadequate function of the
fibrinolytic system for which no clear explanation is presently
available. A number of pharmacological agents have been
used in an effort to diminish bleeding associated with car-
diopulmonary bypass.

A number of studies have focused on the potential bene-
ficial effect of aprotinin on the prevention of excessive bleed-
ing in patients undergoing cardiac surgery. Randomized, con-
trolled trials have invariably shown that administration of
aprotinin resulted in a reduction of perioperative blood loss,
postoperative chest tube drainage, the number of transfused
units, and the number of patients receiving any transfusion.
Most studies have demonstrated at least a 40% reduction in
perioperative blood and a 50% reduction in transfusion re-
quirements.

The potential to reduce blood loss by another antifibrin-
olytic therapy, lysine analogues, has also been investigated
in a number of clinical trials. Generally, �-aminocaproic acid
showed insufficient efficacy relative to tranexamic acid, and
most studies have focused on the latter agent. Tranexamic
acid reduced bleeding after cardiac surgery, resulting in re-
duced transfusion requirements and a smaller number of pa-
tients who needed any transfusion.

A number of recent studies have directly compared apro-
tinin and tranexamic acid. A meta-analysis of these trials ap-
pear to indicate a higher efficacy of aprotinin as compared
with lysine analogues, although the differences in the most
important clinical endpoints, mortality and rethoracotomy,
did not reach statistical significance. Several meta-analyses
of controlled clinical trials with desmopressin in cardiac
surgery showed a beneficial effect on blood loss and transfu-
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TABLE 4.4.   Common Causes for Abnormalities in Coagulation Screening Tests and Suggestions for Initial Further Analysis.

Finding Potential cause Further test

Thrombocytopenia Immune thrombocytopenia (ITP) Antiplatelet antibodies, thrombopoietin
Impaired platelet production Complete blood cell count and bone marrow analysis
Disseminated intravascular coagulation aPTT, PT, fibrin degradation products
Heparin-induced thrombocytopenia HIT test

Prolonged bleeding time von Willebrand disease or thrombocytopathie Platelet aggregation tests and von Willebrand factor
Uremia, liver failure myeloproliferative —
disorder, etc.

aPTT prolonged, PT normal Coagulation factor deficiency (factor VIII, IX, Measure coagulation factor
XI, or XII)
Use of heparin —

PT prolonged, aPTT normal Coagulation factor deficiency (factor VII) Measure coagulation factor
Vitamin K deficiency Measure factor VII (vitamin K-dependent) and factor 

V (vitamin K-independent) or administer vitamin K 
and repeat after 1–2 days

(Mild) hepatic insufficiency —

Both aPTT and PT prolonged Coagulation factor deficiency (factor X, V, II Measure coagulation factor
or fibrinogen)
Use of oral anticoagulants —
Severe hepatic insufficiency Measure coagulation factors
Disseminated intravascular coagulation Platelets, fibrin degradation products
Loss/dilution caused by excessive bleeding/ —
massive  transfusion



sion requirements, whereas the percentage of patients who
need any transfusion, the incidence of reexploration, and mor-
tality are not statistically affected by desmopressin.28 Sub-
group analysis of the various clinical trials suggests that
desmopressin might be particularly effective in case of the
preoperative use of aspirin, which is not uncommon in pa-
tients undergoing cardiac surgery. The effect of desmopressin,
however, appears to be relatively small as compared with
aprotinin and tranexamic acid.

At this time, a potential prothrombotic and graft-occluding
effect of these interventions has not been clearly established.

LIVER TRANSPLANTATION

Major liver surgery, including orthotopic liver transplanta-
tion, may be associated with excessive blood loss. Factors that
contribute to this complication are impaired synthesis of co-
agulation proteins by the diseased liver, a preexisting throm-
bocytopenia and thrombocytopathy, and impaired clearance
of activated coagulation and fibrinolytic factors during the an-
hepatic phase. However, definitive place of prohemostatic
agents in extensive liver surgery needs to be established.

Management of Postoperative Bleeding

A central issue for a patient who has excessive bleeding dur-
ing or after surgery is the decision whether the bleeding is
a result of a systemic hemostatic defect or a local problem
in surgical hemostasis. In all cases of severe bleeding, a
global coagulation screening (i.e., platelet count, aPTT, PT)
should be carried out as soon as possible. If these tests show
abnormal results, a brief trial of therapy with replacement
of deficient hemostatic factors should be provided. However,
unless there is prompt cessation of bleeding, this treatment
should not delay the decision to reoperate if even the small-
est suspicion of a local surgical problem exists.

Systemic coagulation defects in bleeding patients with a
previously normal coagulation system generally arise by two
different mechanisms: (1) loss of platelets and coagulation fac-
tors due to bleeding and dilution of these elements upon mas-
sive transfusion of red cells and plasma substitutes, and (2)
consumption of platelets and coagulation factors in the frame-
work of disseminated intravascular coagulation.

Patients with severe blood loss may require massive fluid
replacement therapy with blood substitutes such as crystal-
loid, colloid, dextran, and starch solutions. The use of these
synthetic plasma volume expanders in excess of 1 l/h may in
some cases be associated with an impairment of primary he-
mostasis (most probably the result of interference with von
Willebrand factor function) and the plasma coagulation sys-
tem (due to dilution). Therefore, if there is need for massive
expansion of circulating volume in bleeding patients or pa-
tients at risk for bleeding, use of these preparations should be
accompanied by administration with fresh frozen plasma.

Transfusion with large amounts of packed red cells with-
out concomitant replacement of platelets and coagulation fac-
tors may cause a generalized dilution coagulopathy,29 which
is readily established by a decrease in platelet count to usu-
ally 50 to 100 � 109/l and a prolongation of global clotting
times (aPTT and PT). Although there is no evidence from clin-
ical studies to support this practice, it is generally recom-
mended that patients who need massive transfusion of red
cells receive 1 unit of plasma for every 2 to 3 units of red cells

administered. Regarding low platelet count, retrospective
analyses show that in bleeding patients with a platelet count
lower than 50 � 109/l, transfusion of platelets is effective.30

Hence, the threshold for platelet transfusion in patients with
bleeding can be held at 50 � 109/l unless defective platelet
function is suspected.

Disseminated Intravascular Coagulation

Surgical patients may present with disseminated intravascu-
lar coagulation (DIC) because this is a frequent complication
of a variety of disease states common in these patients, such
as infection, severe trauma, or malignancies.31 DIC is a syn-
drome and is always secondary to an underlying disorder. The
syndrome is characterized by a systemic activation of the
blood coagulation system, the generation and deposition of
fibrin, microvascular thrombi in various organs, and in many
cases the development of multiorgan failure (Fig. 4.4). De-
pletion of coagulation proteins and platelets resulting from
the ongoing activation of the coagulation system may induce
severe bleeding complications, although microclot formation
may occur in the absence of severe clotting factor depletion
and bleeding.32 Severe bleeding from DIC poses a particular
problem in trauma patients or during the early postoperative
phase.

A spectrum of clinical entities have been associated with
DIC, and the major conditions are listed in Table 4.5. Infection
is the most common cause of DIC and, in patients with septic
shock, DIC is a strong predictor of death.33 Another cause of
DIC is malignancy, although in that setting DIC usually is rel-
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TABLE 4.5.   Underlying Surgical Diseases Causing Acute or
Chronic Disseminated Intravascular Coagulation (DIC)

Septicemia/infections
Polytrauma
Malignancies
Aortic aneurysm
Brain injury
Extended liver surgery
Extracorporeal circulation
Thermal injury/hypothermia
Fat embolism
Peritoneovenous shunt
Massive transfusion

FIGURE 4.4.  The clinical picture of disseminated intravascular co-
agulation (DIC), characterized by simultaneously occurring throm-
bosis and bleeding.



atively mild. In contrast, the DIC that accompanies obstetrical
catastrophes, such as abruptio placentae or amniotic fluid em-
bolism, is very turbulent but usually self-limiting.

PATHOGENESIS OF DIC

DIC is characterized by widespread intravascular fibrin de-
position resulting from enhanced fibrin formation and im-
paired fibrin degradation.34 Enhanced fibrin formation is
caused by tissue factor-mediated thrombin generation and si-
multaneously occurring depressing of inhibitory mechanisms
(Fig. 4.5). That is, the normal counterbalance achieved by the
anticoagulation systems (antithrombin III, protein C–protein S)
is deranged, possibly due to increased factor consumption.
Furthermore, impairment of endogenous fibrinolysis is mainly
caused by high circulating levels of PAI-1, the principal in-
hibitor of plasminogen activation. 

Thus, deposition of fibrin in the (micro)vasculature is
caused by both the formation and its inadequate removal of
intravascular fibrin. This inadequate removal is caused by an
impaired function of the fibrinolytic system. Ultimately, the
remarkable imbalance between coagulation and fibrinolysis
results in a net procoagulant state.35

DIAGNOSIS OF DIC

No single laboratory test or combination of tests allows a de-
finitive diagnosis of DIC. However, the clinical diagnosis can
be made reliable by taking into consideration the underlying
disease and a combination of laboratory findings. Hence, the
diagnosis of DIC is usually based on markers of advanced con-
sumption of coagulation proteins and platelets, that is, pro-
longed clotting times (aPTT and PT) and low platelets, in
combination with tests that do not detect the generation but
rather the degradation of fibrin (fibrin degradation products).
Measurement of fibrinogen is commonly performed but has
shown to be of no value for the diagnosis of DIC, especially
because the acute-phase reactant properties of fibrinogen in
many clinical situations may completely obscure ongoing fi-
brinogen consumption.

MANAGEMENT OF DIC

The cornerstone of DIC treatment is the specific and vigor-
ous treatment of the underlying disorder. In some cases, DIC
will completely resolve within hours after the resolution of
the underlying condition, as, for example, in the case of DIC
induced by abruptio placentae and amniotic fluid embolism.
However, in other cases, such as in patients with sepsis and
a systemic inflammatory response syndrome, DIC may be pres-
ent for a number of days, even after proper treatment has been
initiated. Under such circumstances, supportive measures to
manage DIC may be necessary. Administration of coagula-
tion factors or platelets may be useful, particularly in cases
of persistent bleeding. In addition, therapeutic interventions
aimed at the interruption of ongoing thrombin formation or
at the inhibition of thrombin might have a beneficial effect.
This effect might be further facilitated by administration of
protease inhibitors, such as antithrombin III, levels of which
may dramatically decrease in the course of DIC.

Treatment with plasma or platelet concentrate is guided
by the clinical condition of the patient and should not be in-
stituted on the basis of laboratory findings alone. Replacement
may be indicated in patients with active bleeding and in those
requiring an invasive procedure or otherwise at risk for bleed-
ing complications. On the other hand, it has been suggested
that transfusion of blood components may also be harmful by
further stimulating the activated coagulation system. Despite
the lack of evidence, most authors recommend treatment with
fresh frozen plasma, at least when patients are bleeding or are
at increased risk for bleeding.36 To sufficiently correct the co-
agulation defect large volumes of plasma may be needed. The
use of coagulation factor concentrates may overcome this need.
However, these concentrates usually contain only a selected
number of the various clotting factors, and they may be con-
taminated with traces of activated coagulation factors.

Although it has long been used, there is no sound evi-
dence in favor of the use of heparin as routine therapy in pa-
tients with DIC. An exception may be made for patients with
clinical signs of extensive fibrin deposition such as purpura
fulminans, acral ischemia, or venous thrombosis. In such
cases low-dose heparin (5–8 U/kg/h) is advocated, potentially
in combination with plasma and, if appropriate, platelet re-
placement.37 Future studies are needed to definitively indi-
cate a potential role of LMWH in the supportive treatment
of DIC patients. Use of antithrombin III has not proven con-
clusively to be clinically beneficial.
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5

Transfusion Therapy
Richard K. Spence

Risks of Blood Transfusion

Transfusion Reactions

The risks of allogeneic red blood cell transfusion include
transfusion reactions, transfusion-transmission infectious
disease, and immunomodulation. Transfusion reactions can
be separated into three main groups: (a) acute intravascular
immune hemolytic reactions from ABO incompatibility, (b)
delayed immune hemolytic reactions, and (c) febrile reac-
tions.1 Reactions are estimated to occur in approximately 5%
of transfusion recipients.

Symptoms of ABO incompatibility reactions can take
many forms including hemoglobulinuria, fever, chills, coag-
ulopathy, chest pain, and circulatory collapse. In the uncon-
scious, anesthetized, euvolemic patient, acute reactions may
present as either sudden hypotension or unexpected bleeding
secondary to disseminated intravascular coagulation.2 The
majority of ABO transfusion reactions usually result from fail-
ure to correctly identify either the patient or the unit before
transfusion.3

Delayed hemolytic reactions are caused by non-ABO anti-
gen–antibody incompatibilities. Symptoms appear within 3
to 10 days after transfusion and include fever, malaise, hy-
perbilirubinemia, or a falling hematocrit. A falling hematocrit
during the immediate postoperative period in a recently trans-
fused patient is often attributed to recurrent or continued
bleeding. A real danger exists in continuing to transfuse such
patients with incompatible blood. An acute hemolytic reac-
tion can be precipitated if blood has not been recross-matched
since the original transfusion. A delayed hemolytic reaction
should be ruled out by appropriate antibody testing in any pa-
tient with a falling, postoperative hematocrit and no overt ev-
idence of continuing bleeding.4,5

Febrile reactions, the most common type, were once
thought to be caused by circulating recipient antibodies to
donor leukocyte or platelet contaminants. Recent evidence
suggests that these reactions are cytokine mediated. The in-

cidence of febrile reactions can be diminished greatly by the
use of a leukodepletion filter.6

Graft-versus-host disease (GVHD) results from the en-
graftment of immunocompetent T lymphocytes, typically in
a recipient who is immunosuppressed, although the syndrome
has been seen following cardiac surgery, cholecystectomy,
prostatectomy, and normal delivery.7 GVHD is characterized
by fever, skin rash, and gastrointestinal symptoms and is al-
most always fatal. GVHD is most common following directed
donations from immediate family members who are either
first-degree relatives or share an HLA haplotype. Fortunately,
the offending lymphocytes are sensitive to gamma irradiation
and can be eliminated by pretransfusion treatment with ce-
sium-137 or cobalt-60 at doses that do not damage red cells.7

Transfusion-Transmitted Disease

Blood can carry and transmit a wide variety of viral, parasitic,
rickettsial, and bacterial diseases. The estimated risk of con-
tracting a specific disease from transfusion of blood products
varies and depends upon many factors including the organ-
ism, patient risk factors, the screening processes used, the
country of origin, and the overall vigilance of the blood
provider 8–10 (Table 5.1).

Some viruses are common in blood donors but do not pre-
sent a serious infectious risk. Cytomegalovirus (CMV), a
member of the herpes family, is present in as many as one-
half the units of allogeneic blood transfused.11 This virus pre-
sents a small but troublesome risk, especially to specific
groups of patients including premature infants, pregnant
CMV-seronegative mothers, and seronegative adults who may
need multiple transfusions, such as liver transplant recipients
or blunt trauma victims. Clinical symptoms vary in severity
and may include pulmonary, gastrointestinal, or systemic
manifestations. Exposure to CMV can be reduced by elimi-
nating unnecessary transfusions, screening for antibodies, and
filtering leukocytes that carry the virus.12,13

Many other diseases can be transmitted by transfusion in-
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cluding malaria, Chagas’ disease, Q fever, Lyme disease,
bovine spongiform encephalopathy, etc.1,14 The risk of con-
tracting these diseases is unknown, but is assumed to be low. 

Immunomodulation

That immunomodulation occurs following allogeneic blood
transfusion is not in question. What is in question is the clin-
ical effect. Macrophage function is altered, resulting in de-
creased migratory capability and both eicosanoid and inter-
leukin-2 production. Lymphocyte responses to both antigen
and mitogen are suppressed; suppressor cell activity is in-
creased with concomitant declines in helper to suppressor cell
ratios. The immunomodulatory effect can occur following a
single-unit transfusion, as noted in the renal transplantation
experience, but also shows a dose–response relationship.15

A majority of investigators have found statistical support
for either a causal relationship or an association between al-
logeneic blood transfusion and increased postoperative mor-
bidity and mortality.15–21 Still, the clinical impact of trans-
fusion-related immunosuppression has not been established
definitively, and the surgeon should be aware of the potential
risks to patients. Whether the relationship is causal or merely
an association, avoidance of allogeneic blood transfusion elim-
inates the risk, but this certainly is not possible in all patients.
Mounting evidence implicates the leukocyte as the im-
munomodulatory agent, and reduction of leukocytes by fil-
tration as an effective way to decrease the clinical impact.22–25

Storage Defects

Attention has been focused in recent years on the damage
done to red blood cells and platelets during storage.26 These
so-called storage lesions may produce elevated levels of potas-
sium or decreased levels of 2,3-diphosphoglycerate (2,3-DPG).
Lack of 2,3-DPG results in a higher than desired red cell oxy-
gen affinity, causing impaired release of oxygen to tissues.27,28

Recovery of sufficient 2,3-DPG levels to correct this problem
may take 24 to 48 h, depending on the length of pretransfu-
sion storage. Platelets develop a progressive storage lesion
during their 5-day residence in the blood bank, but this does
not usually result in impaired effectiveness.29 Red cells may
be damaged by free radicals over time with loss of red blood

cell volume. Treatment of donors with antioxidants helps re-
duce this effect.30

Physiological Response to Anemia

The heart provides the primary response to acute, surgical
anemia by increasing cardiac output, through either an in-
crease in heart rate or an increase in stroke volume. Because
the heart extracts approximately 80% of the oxygen delivered
under normal conditions, its ability to increase output is de-
termined by its ability to increase its own oxygen consump-
tion. Cardiac oxygen extraction is improved by increasing
coronary flow. To do this, the coronary arteries must dilate.
In the presence of coronary artery disease, the heart may be
unable to provide the work needed to increase total body oxy-
gen delivery without risk to the myocardium. Continued de-
mands on the stressed heart to provide oxygen in the face of
anemia produce an anaerobic myocardium and infarction.31

Peripheral tissues may also compensate for anemia by in-
creasing oxygen delivery, either by recruiting more capillar-
ies or by increasing blood flow through existing beds. Some
tissues, particularly those that are supply dependent, may
compensate by increasing oxygen extraction.32 Compensatory
mechanisms are limited and dependent upon not only red cell
mass but also circulating volume.33 In the chronically ane-
mic patient, increases in stroke volume and, therefore, in car-
diac output are supplemented by increased levels of 2,3-DPG.
These intracellular changes shift the oxyhemoglobin curve to
the right, facilitating oxygen offload and increasing oxygen
delivery.

In most clinical settings, oxygen consumption is relatively
independent of hemoglobin level across a wide range of oxy-
gen delivery (DO2) values because of compensations made in
oxygen extraction. As DO2 decreases through a loss of Hgb,
oxygen extraction should increase from a baseline of 15% to
25% to maintain a constant consumption. Any increase in cir-
culating volume that improves cardiac output will also math-
ematically improve oxygen delivery regardless of hemoglobin
level.

Transfusion Decisions in Surgery

The Hemoglobin Transfusion Trigger

Most transfusion decisions are made on the basis of isolated
hemoglobin (Hgb) and hematocrit (Hct) values. The National
Institutes of Health Consensus Conference, convened in 1988
to address the topic of perioperative red cell transfusion, fo-
cused primarily on the risks of transfusion and the need to
modify our transfusion practices.34 It also produced recom-
mendations for a new transfusion trigger that represented an
update of the traditional 10/30 rule that had existed for
years.35 The target, or trigger, hemoglobin was lowered to 8
g/dl, and guidelines for transfusion recommended use of clin-
ical need and symptoms rather than numbers alone. Since
then, much has appeared in the literature that has attempted
to further define the transfusion trigger.36–39 Investigators
have focused on either defining an acceptable hemoglobin
level, deriving a trigger from oxygen transport or metabolic
variables, or describing the effect of transfusion in specific
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TABLE 5.1.   Risks of Allogeneic Transfusion

Units of
Type of risk blood transfused

Noninfectious
Fatal ABO incompatibility reaction 1:1,000,000
Nonfatal hemolytic reaction 1:25,000
Febrile reaction 1:100
Immunosuppression ? (Potentially 1:1)
Graft-versus-host disease Rare

Infectious
HIV-1 1:493,000
HTLV 1:641,000
Viral hepatitis C 1:103,000
Viral hepatitis B 1:63,000
Bacterial infection 1:1,000,000
Chagas’ disease Unknown
Creutzfeld–Jacob syndrome Unknown

Source: Data from references 11–21, 108–115.



clinical settings. To date, no overriding consensus has been
reached.

Symptoms as Transfusion Triggers

Symptoms of exertional dyspnea do not appear in the other-
wise healthy individual until hemoglobin concentration
reaches 7 g/dl. Even at this and lower levels, symptoms and
signs are variable.

Metabolic Triggers

Other approaches to defining the transfusion trigger in meta-
bolic terms have had limited success. Lactate levels have 
not proven useful in defining transfusion need following
trauma,40 acute myocardial infarction, or sepsis.41

Surgical Anemia: Approaches to Treatment

Although studies suggest that a Hgb value significantly lower
than 10 g/dl is tolerated by many patients, this does not nec-
essarily mean that a tolerable Hgb level should automatically
be considered an acceptable level for use as a transfusion trig-
ger in all patients. The decision to transfuse should be related
to the specific patient’s condition, assessing need on a case-
by-case basis. This assessment should include a history and
physical examination, a review of pertinent lab data, consid-
eration of the operation planned and expectant blood loss, and
analysis of risk factors that may contribute to increased mor-
bidity and mortality. The history and physical examination
should focus on preexisting diseases or conditions that may
increase the risk of blood loss or the need for increased oxy-
gen delivery. The presence of cardiac, pulmonary, and other
atherosclerotic disease processes should be assessed and quan-
tified when possible. Surgical patients with coronary artery
disease and pulmonary hypoxia will most likely require
higher perioperative Hgb levels than those without such prob-
lems.

If anemia is discovered during preoperative investigations,
the surgeon must decide if the level of anemia and the risk
of blood loss from the planned procedure are of enough merit
to warrant action. If they are and if surgery can be postponed,
the surgeon can use oral iron to correct the anemia. Oral iron
therapy should also be used in patients undergoing autolo-
gous predonation of blood and those receiving erythropoi-
etin.42 If surgery cannot be delayed, the use of intravenous
iron dextran may be considered.

Factors Affecting Blood Loss and Transfusion

Transfusion Practices

Several studies have demonstrated that the adoption of trans-
fusion guidelines, practice policies, or transfusion algorithms
can reduce the risk of exposure to allogeneic blood43–45 (Table
5.2). The first step in this process is for the surgeon to review
their transfusion practices to obtain an understanding of which
patients are transfused and how much blood is used. Blood
losses should be calculated, not estimated.46 With this infor-
mation, the surgeon can establish a blood ordering schedule

that will serve as a personal guideline for both allogeneic blood
use and institution of appropriate alternatives. The overall im-
pact of such efforts awaits further, randomized trials using ap-
propriate outcomes measures.47

Bleeding in the Surgery Patient

PREOPERATIVE ASPECTS

Preoperative measurement of hemoglobin and hematocrit
will detect the presence of anemia, which can be analyzed
further with red cell indices. Many surgeons measure pro-
thrombin (PT) and partial thromboplastin times (PTT) in all
patients who will receive heparin anticoagulation to screen
for coagulopathy. A preferable approach is to question each
patient about bleeding history, because most significant
bleeding problems are congenital and have shown up in child-
hood, or are related to specific medications and disease
processes.48 All patients should be asked about the use of 
warfarin-based anticoagulants, aspirin, and nonsteroidal anti-
inflammatory drugs because these all can lead to increased
bleeding. When feasible, these agents should be stopped well
in advance of any planned surgery.49 Coagulation studies
should be reserved for patients with clinical indications, such
as a history of liver disease, malignancy, renal failure, or an-
ticoagulant therapy.50 Similarly, routine platelet measure-
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TABLE 5.2.   Transfusion Practice Policies.

1. Assess transfusion need on a case-by-case basis.
Develop a “transfusion prescription” or plan for each 
patient.

2. Limit patient exposure to allogeneic blood to appropriate need.
Modify the hemoglobin level at which you transfuse, based
on patient’s history, clinical symptoms, and signs.

3. Prevent or control perioperative blood loss.
Consider stopping anticoagulants and antiplatelet agents be-
fore surgery.
Correct existing coagulopathy.
Restrict perioperative phlebotomy.
Consider use of regional and hypotensive anesthesia tech-
niques.
Maintain careful surgical hemostasis.
Modify the surgical approach to minimize blood loss.
Use local acting agents to stop bleeding.
Consider the use of cautery, Argon beam, etc.
Consider the use of antifibrinolytic drugs.
Consider preoperative tumor embolization.

4. Use autologous blood as an alternative whenever possible.
Schedule surgery to permit predonation of blood.
Use acute normovolemic hemodilution.
Use intraoperative and postoperative autotransfusion.

5. Maximize oxygen delivery to the patient.
Treat underlying cardiopulmonary disease.

6. Increase or restore red cell mass by means other than transfu-
sion.

Consider iron, B12, and folate replacement.
Consider use of recombinant erythropoietin.

7. Involve the patient in the transfusion decision.
8. Record the reasons for and results of the transfusion in the 

patient’s chart.
9. Develop hospital transfusion policies as a multidisciplinary 

effort.
10. Review individual and institutional policies on at least a

yearly basis.

Source: Adapted from Reference 45.



ments are of little value because deficiencies caused by ab-
normal production or increased destruction will be detected
primarily by a good history and physical exam and qualitative
defects will not be reflected in abnormally low counts.51,52

The presence of a major coagulation disorder such as he-
mophilia A or B or von Willebrand’s disease is not an absolute
contraindication to surgery. It has been reported that major
surgical procedures can be performed with acceptable blood
loss and outcomes in these patients so long as hemostasis can
be corrected to normal or near-normal levels through the use
of factor replacement therapy.53

ACUTE BLEEDING IN THE EMERGENCY PATIENT

Patients who present with active bleeding present a special
challenge to the surgeon. Patients who fit into this category
include those with bleeding varices, a ruptured aneurysm, or
a variety of scenarios in the trauma patient.

Prompt diagnosis and timely surgical intervention directed
at controlling hemorrhage are the mainstays of limiting allo-
geneic blood exposures in the patient with exsanguinating
bleeding. Exsanguination remains the critical factor in deter-
mining outcome in isolated, major vascular injuries.54,55 Au-
totransfusion equipment should be ready so that as much shed
blood as possible can be salvaged and returned from the tho-
racic, abdominal, or thigh compartments. Even though the
blood appears to have clotted, such losses can be successfully
salvaged, washed, and returned as red cells to the patient. An
estimate of blood lost should be made early so that appropri-
ate replacements can be ordered from the blood bank.

In contrast to the trauma patient for whom early surgical
intervention to stop bleeding is the norm, it is common prac-
tice in the patient with gastrointestinal bleeding to determine
the need for surgery based on the number of units of blood
lost or transfused within a 12- to 24-h period. By using such
guidelines, not only do we magnify the risk of allogeneic blood
exposure but we also increase mortality in direct proportion
to the number of units transfused. Studies of such patients
show a significant correlation between the amount of blood
lost and/or transfused and death.56

INTRAOPERATIVE ASPECTS: TECHNIQUE

The choice of both anesthetic technique and operation can
influence the amount of blood lost during surgery. Regional
anesthetic techniques have been associated with decreased
blood loss in orthopedic surgery. Oxygen consumption is re-
duced 15% to 20% under general anesthesia in most pa-
tients.57 Narcotic anesthesia may add another 5% to 10% re-
duction, providing a greater margin of safety. If inhalational
anesthetics are used, isoflurane is usually chosen because it
has less inhibitory effect on the heart’s conductivity. These
anesthetic agents do not directly minimize blood loss, but
they provide a somewhat safer environment for the stressed,
anemic patient who may need increased cardiac reserves.

INTRAOPERATIVE ASPECTS: NONSURGICAL BLEEDING

Bleeding during surgery may also arise from hemostatic de-
fects (Table 5.3). Coagulopathy in the patient with traumatic
or massive bleeding and transfusion is partially dilutional in
nature but is also related to both the degree and length of hy-
potension and hypoperfusion.58,59 Tissue hypoxia following

injury or prolonged cross-clamping of visceral blood supply
may also lead to release of plasminogen activators and throm-
boplastins.

Coagulation factor and platelet depletion is not so fre-
quent a cause of intraoperative hemorrhage as is commonly
perceived. Hypothermia may be a contributing factor.60,61 It
may be difficult to directly correlate the clinical observation
of bleeding with prolongation of the PT and aPTT, which are
reagent and temperature dependent.62 Because coagulation
testing is routinely performed at 37°C, rather than at the pa-
tient’s actual in vivo temperature, normal coagulation tests
can be obtained even in the presence of clinical evidence of
a coagulopathy.63 Normal test results in this setting suggest
that sufficient clotting factors are available for coagulation if
normothermia is restored.64 Dilutional coagulopathy may be
mistaken for or aggravated by the development of dissemi-
nated intravascular coagulation (DIC).65–67 DIC in the setting
of massive transfusion is reported to occur in 5% to 30% of
trauma patients and is associated with high morbidity and
mortality rates of nearly 70%.68,69 Tissue injury and hemo-
lysis with release of cytokines and tissue thromboplastin into
the circulation may cause immediate activation of both the
coagulation and the fibrinolytic systems, resulting in severe
DIC.62 At the present time no single laboratory test can be
used to confirm or exclude the diagnosis of DIC. However,
the combination of a low platelet count, a low fibrinogen, an
elevated D-dimer, and the presence of soluble fibrin monomers
in the context of the patient’s underlying condition are the
most helpful indicators of DIC.

Coagulation factors and platelets can be replaced as
needed by infusing fresh frozen plasma or platelets. Stored,
allogeneic blood maintains sufficient levels of all coagulation
factors needed to prevent bleeding except V and VIII, which
decrease over time.70 If available, whole blood obtained via
acute normovolemic hemodilution can be used to restore co-
agulation factors and platelets.

POSTOPERATIVE CARE

Unfortunately, blood loss frequently continues in the postop-
erative period in the form of phlebotomy for lab tests.71 Stan-
dard order sheets that include standing orders for frequent and
often unnecessary lab tests should be avoided.

Alternatives to Allogeneic Blood

Directed Donor Blood

Directed blood donations do not reduce the exposure to allo-
geneic transfusion. Directed donor blood carries significant
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TABLE 5.3.   Hemostatic Causes of Intraoperative Bleeding.

Massive transfusion
Dilution from nonsanguineous fluids
Hemolytic transfusion reaction
Fibrinolysis/DIC
Undiagnosed bleeding disorder
Drugs
Hypothermia



risks including disease transmission and graft-versus-host dis-
ease. The use of directed donor blood may be an acceptable
option in specific settings, such as neonatal or pediatric
surgery. Surgeons should instruct patients about its potential
dangers.

Autologous Predonation

Autologous predonation (PAD) is an alternative that has been
proven to reduce dependence on allogeneic blood in multiple
studies of a variety of surgical procedures.72–74 It is consid-
ered the standard of care practice in orthopedic joint replace-
ment surgery.75

Successful autologous predonation depends on (1) ade-
quate time for donation, (2) hemoglobin level greater than
11.0 g/dl, (3) absence of significant patient disease, for exam-
ple, severe aortic stenosis or active angina, (4) selection of ap-
propriate patients based on anticipated blood loss and trans-
fusion need, and (5) both patient and physician cooperation.
The ideal patient for predonation is one who has an antici-
pated need for blood transfusion with a window of 2 or more
weeks before surgery to donate. Relative contraindications to
predonation include a history of congestive heart failure,
valvular heart disease, recent myocardial infarction, angina,
dysrhythmias, hypertension requiring multiple drug therapy,
seizures, or cerebrovascular disease. An increased incidence
of reactions is associated with donor age under 17 years,
weight greater than 110 lb, female gender, and a history of
previous reactions.76

Acute Normovolemic Hemodilution

Acute normovolemic hemodilution (ANH) is a strategy for
obtaining fresh, whole, autologous blood without the difficult
logistics and potential risks of PAD. The process involves the
removal and temporary storage of blood in the operating room
just before or immediately after the induction of anesthesia.
Volume losses are replaced with either crystalloid or colloid
solutions.

The removal of 1 to 4 units by ANH is possible in the pa-
tient with a normal hematocrit and results in a postdilutional
hematocrit of 20% to 30%.77 The amount of blood to be re-
moved may be calculated from measured preoperative hema-
tocrit and estimated blood volume (EBV).78 The factor that
limits nadir hemoglobin during hemodilution appears to be
ventricular function. Patients with normal ventricular func-
tion can tolerate hematocrits of 15% to 22% without post-
operative myocardial problems.79,80 Those with left ventric-
ular dysfunction may be at greater risk of ischemia during
hemodilution.81,82

ANH appears to be cost-effective when compared to ei-
ther allogeneic blood procurement and transfusion or
PAD.83,84 Hemodilution is most often used in combination
with other techniques such as autotransfusion, preoperative
use of erythropoietin, platelet sequestration, and modification
of surgical technique.85

Autotransfusion

The value of autotransfusion, or collection and reinfusion of
shed blood, in reducing the need for allogeneic blood trans-
fusion has been documented in multiple retrospective analy-

ses. Reports from surgeons who have used autotransfusion in
more than 20,000 patients during a variety of elective surgi-
cal procedures show reduction in allogeneic blood use by as
much as 75% of all transfusion needs.86–88 Autotransfusion
was the predominant intraoperative factor that correlated
with decreased mortality in a series of 61 patients with rup-
tured abdominal aortic aneurysms.89

Intraoperative autotransfusion can be performed either
with systems that collect blood directly, anticoagulate it, and
reinfuse it through filters or with systems that collect the
blood, wash it, and reinfuse a packed red cell product.88 Sys-
tems without washing capability collect shed blood via a suc-
tion wand that simultaneously adds either heparin or citrate-
phosphate-dextrose anticoagulant into a collection chamber.
The collected blood is returned to the patient through a fil-
ter, relying on this as the only means of preparing the blood.
Filters are capable of removing large debris, for example, bone
chips and smaller particulate matter. Following filtration, the
salvaged blood represents “red cells suspended in plasma,”
containing platelets, fibrinogen, and clotting factors.

Unwashed blood may contain vasoactive contaminants,
activated clotting factors, fibrin degradation products, and free
hemoglobin, all of which can be dangerous. Washing shed
blood reduces but does not completely eliminate leukocytes
from the infused product.90 In spite of the problems associ-
ated with unwashed, shed blood, this product has been used
successfully and safely in many patients to reduce allogeneic
transfusion exposure.91,92

Systems that wash blood and concentrate the red cells
have the advantage of providing a cleaner product, free of the
contaminants found in unwashed blood. With these devices,
blood is collected from the operative field, filtered, anticoag-
ulated, and temporarily stored in a reservoir. The blood is
transferred to a centrifuge bowl that spins at approximately
5000 revolutions per minute, separating the red cells from
plasma. The cells are washed and resuspended in saline to at-
tain a hematocrit of 40% to 60% before reinfusion.93 Disad-
vantages of these systems include the loss of the plasma com-
ponent, the need for expert help, setup time required, and
expense.

Relative contraindications to the use of autotransfused
blood, whether washed or not, include the presence of infec-
tion or bowel contamination, malignancy, and obstetrical pro-
cedures contaminated with amniotic fluid. When presented
with such situations the surgeon must weigh the potential ben-
efit obtainable from autotransfusion against the risks. Auto-
transfusion has been used successfully and without increased
infectious risk with potentially contaminated blood.94,95 Wash-
ing the blood appears to reduce the bacterial load; prophy-
lactic antibiotics provide additional protection.96 Autotrans-
fusion has been used safely in cancer surgery in the Jehovah’s
Witness when the real risk of death from blood loss out-
weighed the theoretical risk of tumor cell dissemination.97

The use of leukocyte reduction filters may eliminate viable
cancer cells from shed blood.98

Although some controversy exists over when to use au-
totransfusion and which system to use, it is clear that this
alternative does reduce allogeneic blood need in appropriately
selected patients. Each surgeon would benefit from a sys-
tematic review of their own blood loss for specific procedures
to provide a basis for a rational, cost-effective use of auto-
transfusion as well as other alternatives.
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Pharmacological Agents Associated 
with Blood Loss and Transfusion

A variety of drugs that affect either blood loss or transfusion
need are available to the surgeon. These drugs are grouped by
their intended action into three broad categories: (1) those
with the potential to increase bleeding, (2) those that help
prevent or control perioperative bleeding, and (3) those which
stimulate red blood cell production (Table 5.4).

Drugs with the Potential to Increase Bleeding

Aspirin, nonsteroidal antiinflammatory drugs (NSAIDs), war-
farin, heparin, and similar anticoagulant drugs and throm-
bolytic are known to interfere with coagulation and to pro-
duce increased intraoperative bleeding. If the risk of increased
blood loss caused by these drugs is greater than the risk of
stopping them during the perioperative period, the drugs
should be temporarily discontinued. Known coagulation dis-
orders such as hemophilia and von Willebrand’s disease
should be identified preoperatively and an appropriate treat-
ment regimen should be planned.

Drugs That Help Prevent or 
Control Perioperative Bleeding

Protamine is used intraoperatively to reverse the effects of
heparin during major cardiovascular surgery. The dose ad-
ministered is calculated initially from the amount of heparin
given and is titrated against clotting times. Titration and ad-
ministration of protamine based on specific, point-of-service
measurement of coagulation factors may result in less post-
operative bleeding and decreased transfusion need compared
to a conventional regimen.99,100

Vasopressin can be used intraoperatively to reduce blood
loss in patients with known varices who must undergo
surgery. An infusion of 0.4 units/min of vasopressin started

before making the skin incision produces subcutaneous vaso-
constriction and limits bleeding.

A vasopressin analogue, desmopressin (1-desamino-8-D-
arginine vasopressin, DDAVP), has minimal vasopressor ac-
tivity. Its usefulness during surgery is based on its ability to
elevate both factor VIII and factor VIII von Willebrand’s factor
two- to threefold over normal levels. The drug has a variety of
side effects, which range from mild facial flushing to headache,
tachycardia, hypertension, and tachyphylaxis. DDAVP can pro-
vide an advantage in the hemophiliac with low factor VIII lev-
els.53 However, its role in surgical patients is controversial.
Desmopressin may have a limited usefulness in correcting
identifiable platelet defects, such as those caused by aspirin.101

Aprotinin, a serine protease inhibitor, has been used suc-
cessfully to reduce blood loss during cardiovascular surgery in
a number of clinical trials. Aprotinin is thought to work by in-
hibiting kallikrein and plasmin or by preserving platelet adhe-
sion membrane receptors during cardiopulmonary bypass.102

Like desmopressin, aprotinin may have an important role in
treating patients with aspirin-induced platelet abnormalities.

�-Amino caproic acid and tranexamic acid have also been
shown to be useful in reducing blood loss in cardiac surgery
and liver transplantation in meta-analyses of the existing lit-
erature.103,104 Bombesin, pentoxifylline, and prostacyclin are
purported to work on the vascular system, bombesin by coun-
teracting opioid-induced vasodilatation, and pentoxifylline
and prostacyclin by improving microcirculatory flow and tis-
sue oxygen delivery.105 The clinical role of these drugs re-
mains unproven, although the latter two may have some ben-
efit in septic or critically ill patients who need to maximize
peripheral oxygen consumption.

Fibrin glue is made by reacting fibrinogen, which can be
obtained from a variety of sources including either human cryo-
precipitate or autologous, platelet-rich plasma, with bovine
thrombin to produce fibrin.106 Fibrin sealants are generally
commercially produced from processed human, animal, or syn-
thetic sources. These materials adhere well to biological sur-
faces and have been shown to be effective in controlling bleed-
ing in a variety of settings in randomized, controlled trials.106

Insufficient information exists to determine if these products
can reduce allogeneic blood transfusion when used alone. Un-
fortunately, fibrin glue derived from multiple, allogeneic
donors may be a source of disease transmission. Whenever pos-
sible, autologous plasma should be used rather than allogeneic,
if blood product exposure is to be avoided. Commercial pro-
duced, virus-free sealants may solve this problem. Combina-
tions of fibrin sealant and a collagen matrix show promise.

Drugs That Stimulate Red Blood Cell Production

Recombinant human erythropoietin may provide a means of
restoring red cells without either autologous or allogeneic
transfusion. It is important when using erythropoietin to
make sure that the patient’s iron stores are replenished be-
cause existing iron is rapidly depleted. Iron dextran infusions
to replace depleted iron stores can be used to treat acute, crit-
ical surgical anemia.107

Blood Substitutes

Blood substitutes, whether perfluorocarbon based or hemo-
globin derived, are currently undergoing clinical trials and are
not available for general use.
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TABLE 5.4.   Pharmacological Agents Associated with Surgical
Bleeding and Transfusion.

1. Limit blood loss
A. Vitamin K
B. Protamine
C. Desmopressin (DDAVP)
D. Tranexemic acid
E. �-Amino caproic acid (EACA)
F. Aprotinin
G. Factor VIII/IX
H. Vasopressin
I. Topical agents

1. Fibrin glue and sealant
2. Surgical, Hemopad, etc.

2. Regenerate red blood cells
A. Oral Fe
B. Intravenous Fe
C. Erythropoietin
D. Steroids
E. Intravenous nutrition

3. Blood substitutes
A. Crystalloids
B. Colloids
C. Hemoglobin derivatives
D. Perfluorocarbons
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Diagnosis and 
Treatment of Infection

David L. Dunn

Microbes and Host Defenses

The complex process of host–microbe interactions can be con-
ceptualized as an equation in which the risk of infection is
directly proportional to a number of microbial factors and in-
versely proportional to the presence and vigor of various facets
of host defenses. Microbial factors of importance include (1)
number (inoculum size) and types of microbes, (2) rate of mi-
crobial proliferation, and (3) microbial virulence factors.
These aspects are counterbalanced by host factors that in-
clude (1) strength of resident host defenses in the local envi-
ronment at the site of microbial invasion, (2) magnitude and
rate of recruitment of host defenses to the site of infection,
and (3) potency of systemic host defenses should either local
containment of microbes fail or should they be directly in-
troduced into the bloodstream. This infection risk equation
(see following) is useful to consider when determining
whether or not intervention such as surgery, administration
of antibiotics, or both should be undertaken.

Infection � �

Inoculum Size � Species � Division Rate � Virulence Factors

Potency (Resident/Recruited/Systemic) � Recruitment Rate/Magnitude

Classification and Identification of Microbes

Microbes capable of causing infection may be encountered in
the external environment or as part of the host microflora.
The scope of potential pathogens that the surgeon may be
called upon to diagnose and treat is enormous and includes
many different bacteria, fungi, viruses, and parasites. These
microbes are classified on the basis of a variety of character-
istics that range from colonial morphology directly visualized
without magnification to sophisticated genetic analysis. Mi-
crobiological diagnostic techniques of importance fall into
several general categories: (1) differential staining, (2) isola-
tion via colonial selection, (3) differential growth under var-
ious conditions, (4) observation of specific growth character-

Microbial Invasion
���

Host Defenses

istics or traits, (5) direct identification of microbial antigens
via immunological assays or demonstration of the presence
of a host antibody response or, less commonly, a cellular im-
mune response directed against them, and (6) identification
of microbial genetic material.

Preliminary identification of bacteria and fungi within a
sample of body fluid or tissue suspected of harboring infection
is undertaken via microscopic observation using a number of
different stains. Thereafter, in vitro growth in various types
of media that facilitate isolation of the organism in pure cul-
ture takes place using standard techniques. Those microbes
that do not readily replicate in vitro are identified either by
antibody-based tests that serve to detect specific microbial
antigens, or the host immune response to them, or both.

Particular species are identified according to their Gram
stain and growth characteristics subsequent to isolation from
a site of suspected or overt infection. The Gram stain is a sim-
ple but very important assay that can be performed rapidly by
first fixing the specimen on a microscope slide using heat,
staining it with crystal violet dye, fixing it with iodine-KI,
then washing the specimen with either acetone or alcohol and
counterstaining with a red dye such as safranin. Microscopic
characteristics related to initial dye retention due to the struc-
ture of the bacterial cell wall serve to define bacteria accord-
ing to color—gram-positive (blue) or gram-negative (red). Other
parameters such as shape (round cocci, rodlike bacilli), pat-
terns of division (single organisms, groups of organisms in
pairs [diplococci], clusters [staphylococci] or chains [strepto-
cocci]), and presence and location of spores (e.g., terminal, cen-
tral) facilitate initial identification (see Table 6.1).

Similar principles are applied for identification of fungi,
although many of these microbes are dimorphic, replicating
as single, separate cells (yeast) under certain nutrient and tem-
perature conditions and as colonies in which the cells form
long filaments (hyphae) under others. Occasionally, the pres-
ence of these pathogens can be deduced from the observation
of characteristic large gram-positive microbes on Gram stain-
ing, but more commonly they are identified by use of special
stains (e.g., KOH, India ink, Giemsa, methanamine silver). 
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Although growth in cell culture is possible for some
pathogens, the presence of many viruses must be inferred by
identification of the host immune (e.g., antibody) response.
Use of a monoclonal antibody that is directed against a spe-
cific viral antigen and labeled with a marker (enzyme or im-
munofluorescent compound) can be useful for rapid micro-
scopic identification of the presence of viral pathogens in body
fluids or tissues. The presence of certain viral pathogens can
be ascertained by use of routine light microscopy for identi-
fication of characteristic cytopathic abnormalities (e.g., CMV
inclusion bodies) or via observation of characteristic viral par-
ticles via electron microscopy. Increasingly, viruses are being
identified based upon the presence of viral genetic material
using the polymerase chain reaction (PCR)–based test. As
mentioned, the presence of parasites generally is confirmed
by direct microscopic identification, by identification of a
host antibody response to parasitic antigens, or the presence
of these antigens by use of antibody-based tests, or by a com-
bination of these assays.

Microbial Factors of Importance 
in the Development of Infection

One of the primary determinants of whether infection devel-
ops is the size of the initial microbial inoculum, which for
bacteria is expressed in terms of colony-forming units (CFU).
Two major reservoirs of microbes exist that can form the ini-
tial inoculum leading to infection in surgical patients: (1) host
endogenous microflora, and (2) microbes within the external

milieu, which often represents the nosocomial environment
for hospitalized individuals. 

The rate at which microbes proliferate in a specific envi-
ronment represents a critical factor in the development of 
infection. Particularly in relation to bacteria and fungi, 
microbial division is dependent on ambient temperature and
oxygen concentration, sources of nutrients, and inherent
properties that determine the maximal division rate under op-
timal conditions. In addition, microbial growth is dependent
on the capacity of one type of microbe to inhibit or promote
the growth of another, the latter process being termed mi-
crobial synergy if associated with adverse effects greater than
those caused by either organism alone during clinical infec-
tion. Finally, microbes may secrete toxins only under certain
growth conditions, and some possess virulence mechanisms
such as large polysaccharide capsules or leukocyte toxins that
render them capable of evading or inhibiting host defenses.

The terms pathogenicity and virulence are relative desig-
nations and must be considered in relation to both host de-
fenses and microbial virulence mechanisms (e.g., toxin secre-
tion). Pathogenic microbes are those that are capable of
causing disease; those that cause severe infection consistently
are termed virulent. Low-virulence microbes are those that in-
consistently cause infectious diseases in normal individuals.
However, the host exists in a state of equilibrium with resi-
dent microflora and microbes within the environment that
possess pathogenic potential but that are interdicted from
causing disease by host defenses. Disruption or suppression of
host defenses may allow invasion of microbes. Intriguingly,
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TABLE 6.1.   Common Microbial Pathogens Capable of Causing Infection in Surgical Patients.

Gram-positive bacterial aerobes
Enterococcus faecium, faecalis
Staphylococcus aureus, epidermidis
Streptococcus pyogenes
Streptococcus pneumoniae
Streptococcus salivarius

Gram-negative bacterial aerobes
Acinetobacter calcoaceticus
Aeromonas hydrophila
Citrobacter freundii
Enterobacter cloacae, aerogenes
Escherichia coli
Hemophilus influenza
Klebsiella pneumoniae
Morganella morgagnii
Proteus mirabilis
Providencia stuartii
Pseudomonas aeruginosa
Pseudomonas cepacia, fluorescens
Serratia marcescens
Xanthomonas maltophilia

Fungi
Absidia
Aspergillus fumigatus
Aspergillus niger, terreus, flavus
Blastomyces dermatiditis
Candida albicans
Candida glabrata, krusei, parapsilopsis, torulopsis
Coccidioides imitis
Cryptococcus neoformans
Fusarium
Histoplasma capsulatum
Mucor
Pneumocystis carinii
Rhizopus

Gram-positive bacterial anaerobes
Clostridium perfringens, tetani, septicum
Clostridium difficile
Peptidostreptococcus
Peptostreptococcus

Gram-negative bacterial anaerobes
Bacteroides fragilis
Bacteroides distasonis, thetaiotaomicron
Fusobacterium

Acid-fast bacteria
Mycobacterium avium-intracellulare
Mycobacterium kansasii, chelonei
Mycobacterium tuberculosis
Nocardia asteroides and brasiliensis

Other bacteria
Legionella pneumophila, micdadii
Listeria monocytogenes

Viruses
Cytomegalovirus
Epstein–Barr virus
Hepatitis B, C, and D viruses
Herpes simplex virus
Herpesvirus 6
Human immunodeficiency virus
Varicella zoster virus



only some species proliferate and cause infection, although
even low-virulence organisms that rarely cause infection in
an individual with intact host defense mechanisms can be-
come pathogens in an immunosuppressed patient.

Host Defenses

Once a portal of entry for microbes is established (e.g., surgi-
cal wound, indwelling catheter, gut perforation), resident host
defenses act to attempt to eliminate microbes that are pres-
ent, and additional host defenses are recruited to the site 
of entry as microbes proliferate. These defenses consist of 
(1) physical barriers, (2) sequestration mechanisms, and (3) hu-
moral and cellular host defenses in association with cy-
tokines. All host defenses are tightly integrated such that the
various components function as a complex, highly regulated
system that is extremely effective in coping with microbial
invaders. In addition, some elements of host defenses are re-
dundant; however, despite this redundancy, perturbation of

one or more components may have a substantial negative im-
pact upon resistance to infection.

PHYSICAL BARRIERS AND HOST MICROFLORA

The first line of host defense against both exogenous and en-
dogenous microbes consists of physical, anatomical barriers.
The hallmark of all barriers is that they possess either an ep-
ithelial (integument) or endothelial (respiratory, gut, urogen-
ital) surface. These barriers serve to interdict the ingress of
microbes into areas of the host that are sterile under normal
circumstances. Microbes normally are associated with some
but not all barriers, and in composite they are termed resi-
dent, endogenous, or autochthonous microflora. Common au-
tochthonous microbes in various parts of the body are delin-
eated in Table 6.2.

While barrier function remains intact, resident microflora
are saprophytes, commensals, or symbionts; however, these
same microbes often represent the initial inoculum of
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TABLE 6.2.    Common Autochthonous Microbes in Various Parts of the Body.

Region Microbesa Quantityb

Skin (all areas) Acinetobacter 102–103

Brevibacterium
Corynebacterium
Micrococcus
Pityrosporum
Proprionibacterium
Staphylococcus aureus and epidermidis
Streptococcus (nonenterococcal)

Skin (infraumbilical) Candida 102–105

Corynebacterium
Streptococcus faecalis, faecium
Escherichia coli
Proprionibacterium
Staphylococcus aureus and epidermidis
Streptococcus (nonenterococcal)
Streptococcus faecalis and faecium

Oropharynx Actinomyces 109–1011

Bacteroides (non-fragilis)
Bifidobacterium
Eubacterium
Fusobacterium
Haemophilus
Moraxella
Peptostreptoccus
Porphyromonas
Prevotella
Staphylococcus aureus and epidermidis
Streptococcus (nonenterococcal)
Veillonella

Stomach Candida 102–103

Streptococcus (nonenterococcal)
Proximal small intestine Bacteroides fragilis and other spp. 103–107

Bifidobacterium
Clostridium
Escherichia coli and other Enterobacteriaceae
Eubacterium
Lactobacillus
Peptostreptococcus
Proprionibacterium

Distal ileum Streptococcus faecalis, faecium 105–108

Colorectum Veillonella 1011–1012

aPotentially pathogenic organisms are designated in bold type.
bColony-forming units (CFU)/ml or per gram feces.
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pathogens when damage to or breach of a barrier occurs. This
information is of considerable importance to surgeons, be-
cause prevention of infection is predicated on reducing the
number of resident microbes before barrier disruption using
topical microbicides or intraluminal antiseptics and/or an-
tibiotics, plus systemic antibiotics to reduce the threat of mi-
crobial invasion and proliferation once wounding—either
planned or traumatic—occurs.

First and foremost among the physical barriers is the in-
tegument. Besides acting to prevent ingress of pathogens, an-
cillary host defenses also exist as part of the integumentary
barrier. For example, sebaceous glands secrete a variety of
compounds that exhibit antimicrobial activity, which most
likely both limits the number of resident microflora and pre-
vents extensive colonization.

The respiratory tract possesses a number of host defense
mechanisms, of which mucous secretion and ciliary action of
specialized epithelial cells are the most critical. Mucus traps
particles, including microbes, that are swept into the upper
airways and oropharynx by ciliary action of specialized res-
piratory epithelial cells; coughing and expectoration follow.
Any process that diminishes these host defenses can lead to
microbial proliferation and invasion, usually eventuating in
the presence of increasing numbers of microbes such that
these organisms enter the distal branches of the respiratory
tract, causing bronchitis or pneumonia.

The number of endogenous microbes varies throughout
the gastrointestinal tract. Large numbers (�1011 CFU/ml) of
aerobic and anaerobic bacteria are present at both ends of the
gut, that is, oropharynx and colorectum, although the typical
species differ somewhat among these two sites.1 Few mi-
crobes (�102–103 CFU/ml) are present within the normal
stomach because of the low pH and initial slow transit that
serve to promote microbial killing of ingested microbes in
this highly acidic environment. Disease processes and drugs
that inhibit gastric acidity may allow overgrowth of microbes
in the stomach and thereby the small intestine, although in
the absence of obstruction the relatively rapid transit time in
the latter portion of the gut moves fluid, particles, and mi-
crobes aborally, counteracting overgrowth. Normally, the up-
per portion of the small-bowel lumen contains few microbes,
but the number of resident microbes gradually increases ab-
orally such that about 105 to 108 CFU/ml are present in the
terminal ileum. The number of gut microbes present distal
to the ileocecal valve increases exponentially such that
within the sigmoid colon and rectum about 1011 to 1012

CFU/g feces are present. Anaerobes represent the predomi-
nant type of microbe, outnumbering aerobes by about 100 
to 1. Large numbers of microbes exist within a dense layer of
mucus that covers gut endothelial cells. Microbes adhere to
gut endothelial cells, mucus, and to each other; and although
these complex adherence interactions are not understood en-
tirely, the autochthonous microflora create a highly anaero-
bic environment and act to prevent adherence, proliferation,
overgrowth, and invasion of pathogens. This phenomenon is
associated with the physical barrier and is termed coloniza-
tion resistance.

SEQUESTRATION MECHANISMS

The mammalian host possesses a number of primitive host
defenses that serve to sequester microbes at the site of in-

fection, thereby preventing dissemination. In any tissue, res-
ident and recruited host defenses attempt to kill and eradi-
cate all microbes, and the influx of inflammatory fluid con-
tains fibrinogen, which during polymerization to fibrin traps
bacteria in the extracellular milieu.2,3 Also, within the ab-
domen, the omentum moves to a site of viscus perforation or
inflammatory disease: this process, in conjunction with ileus
and intestinal distension, serves to wall off infection. How-
ever, sequestration also partitions microbes from resident and
recruited host defenses, the end result invariably being an ab-
scess. The purulent material within the abscess represents
the by-product of the death of both microbes and local and
recruited humoral and cellular host defenses, and it is 
relatively impermeable to recruitment of additional host de-
fenses or penetration of antibiotics. In addition, the presence
of viable microbes within the abscess renders it a nidus for
intermittent bacteremic episodes and complications related
to its presence such as fever, pain, and bowel obstruction
within the abdomen. Most likely, sequestration host defenses
serve to convert serious, immediately life-threatening infec-
tions into more indolent, albeit chronic, types of infection.
Invariably, an abscess requires some form of drainage al-
though on occasion spontaneous discharge occurs. Rarely if
ever can treatment be accomplished with antibiotics alone.

Finally, a number of proteins are present within the
plasma and extracellular milieu that act to sequester nutri-
ents that microbes require to divide. For example, transferrin
and lactoferrin bind iron and thus limit the amount of this
critical microbial growth factor. Low or high oxygen tension
in certain parts of the body limits growth of aerobes or anaer-
obes, respectively.

HUMORAL AND CELLULAR IMMUNITY

Humoral immunity, so named because the components cir-
culate within blood and body fluids as proteins, consists of
two components: (1) antibodies (immunoglobulin, Ig), and 
(2) complement.4 Antibodies are composed of a basic structure,
two similar heavy (�, �, �, �, or �) and two similar light chains
(� or �). Different antibodies may be capable of binding to dif-
ferent portions of an antigen, particularly if the antigen is a
large, complex structure such as a microbe. The most limited
antigenic region to which an antibody binds is termed an epi-
tope, typically defined by competitive inhibition of binding of
two or more distinct monoclonal antibodies. In humans, there
are five different classes of antibodies—IgG, IgM, IgD, IgE, and
IgA. There are four subclasses of IgG (IgG1–4) and two of IgA
(IgA1,2). In addition, certain portions of the heavy chain of IgM
and IgG possess the capacity to activate the complement cas-
cade (IgM��IgG) once antigen binding occurs, and the termi-
nal Fc portion of some subclasses of IgG is capable of binding
to leukocyte receptors, markedly enhancing phagocytosis.

Antibodies are produced by B lymphocytes in response to
the presence of substances including microbes that the mam-
malian host recognizes as a foreign antigen and not part of it-
self. In composite, B cells possess the ability to make a huge
number of different Ig molecules (�108) via recombination
and somatic mutation of genes that encode for the constant,
variable, and hypervariable regions of each heavy and light
chain. B-cell-bound IgD is capable of binding antigen directly,
which triggers proliferation of a clone of B cells that secrete
antibody; some of these cells circulate for long periods of time



(memory cells). T-helper lymphocytes and macrophages in-
teract with B cells, acting as accessory cells facilitating the
antibody response. Some antigens are capable of directly stim-
ulating B cells to produce antibody absent accessory cell in-
teractions, although in general the response is less vigorous.

The humoral immune response serves to target multi-
antigenic pathogens for complement-mediated lysis and aug-
mented phagocytosis. Most types of antigens engender pro-
duction of antibody of the pentameric IgM class initially, but
within about 2 to 3 weeks antibody of similar binding speci-
ficity but of the IgG class is secreted. Thereafter, if antigen
persists or reexposure occurs after initial clearance, IgG of
greater binding affinity is produced in ever larger amounts.
Two subclasses of dimeric IgA (IgA1, IgA2) are secreted at mu-
cosal surfaces by submucosal resident B lymphocytes, which
act to prevent the ingress of antigens including pathogenic
microbes, while IgE is present in small amounts in the cir-
culation and is secreted into the respiratory tract. Although
natural antibodies to many pathogens exist in low levels, ini-
tial contact followed by subsequent exposure to a particular
pathogen triggers a more intense response because of the pres-
ence of memory cells. This phenomenon is the basis for vac-
cination against specific pathogens or toxins.

Complement consists of a large number of inactive pro-
teins that circulate within the bloodstream. These proteins
are activated and thereby modified in a specific sequence, sev-
eral steps of which serve to trigger the production of large
amounts of bioactive compounds. Activation of this cascade
of proteins occurs by means of the binding of certain types of
Ig to microbial antigens (IgM is extremely efficient), and via
direct activation by specific components of the microbial cell
wall such as gram-negative bacterial lipopolysaccharide (en-
dotoxin, LPS) or yeast saccharides such as Candida mannan.
Two different complement activation pathways (classical, al-
ternate [Properdin]) lead to a single common pathway in
which complement protein fragments play key roles in the
host defense response. For example, C3b and C4b enhance Ig
adherence, while C3bi and C1q serve as opsonins leading to
enhanced phagocytosis of microbes by leukocytes. C5a...p,
C3a, and C4a are anaphylatoxins (listed in order of potency)
acting to increase vascular permeability and concurrent in-
flux of additional proteins; C5a also is a chemoattractant caus-
ing phagocytic cell chemotaxis. Finally, C5b6–9 forms what
is termed a membrane attack complex that creates a hole in
microbes, leading to osmotic cell disruption and death.

Monocytes and polymorphonuclear leukocytes (PMNs)
are capable of engulfing microbes, via the process of phago-
cytosis. Once internalized, that portion of the leukocyte
membrane that has enveloped the pathogen (phagocytic vac-
uole) fuses with an intracellular structure termed the lyso-
some, which contains a variety of enzymes (e.g., lysozyme,
cathepsin) and reactive oxygen metabolites (O�

2, OH�) that
serve to kill and degrade the invading microorganism. 

The body contains large numbers of resident macrophages
within various tissues that serve as one of the first lines of
host defense against microbial invasion. Microbial invasion
also triggers the recruitment of PMNs to the site of infection
via the aforementioned activity of the complement cascade and
because of the presence of peptide sequences in which micro-
bial derived N-formyl methionine is present. This leads to an
influx of large numbers of these highly active phagocytic cells
within 2 to 4 h of invasion, the magnitude and duration of this

response being proportional to the size of the inoculum and
ability of the microbes to proliferate and remain at the site of
infection or spread. Both macrophages and PMNs secrete a
number of highly bioactive substances into the internal milieu
during cellular activation. Unfortunately, many of these com-
pounds also exert deleterious effects upon the host. For exam-
ple, the contents of lysosomes and reactive oxygen metabolites
are extremely toxic to mammalian cells, and release of copi-
ous amounts of cytokines secreted by macrophages in response
to bacterial cell wall products is thought to be responsible in
large part for sepsis syndrome.

Cytokines function as regulatory molecules that play an
important role during infection as follows: (1) coordination of 
cellular immunity with other aspects of host defense, and 
(2) regulation of host defense via augmentation and suppression
of specific defense components, including their own activity.
Bacteria and fungal cell wall compounds (e.g. endotoxins) trig-
ger macrophages to synthesize and secrete large amounts of
what are termed proinflammatory cytokines: tumor necrosis
factor-� (TNF-�), interleukin-1� (IL-1�), interleukin-6 (IL-6), and
interferon-� (IFN-�). Presumably because cytokines exert such
potent effects within the local tissue environment and sys-
tematically, counterregulatory compounds are secreted in re-
sponse to the release of proinflammatory cytokines.

COORDINATION OF HOST DEFENSES

Complex regulatory events occur in relation to the humoral,
cellular, and cytokine components of host defense. As noted
earlier, repeated antigenic stimulation leads to refinement of
the antibody response such that high levels of increasingly high
affinity IgG are produced. In addition, the host cellular re-
sponse to infection is not confined to phagocytic cells. T lym-
phocytes have been thought to be an important defense
mainly against intracellular pathogens such as Mycobacteria
tuberculosis, but their role in defense against common bac-
terial infections has been elucidated as well. A paradigm in
which a subset of T-helper lymphocytes (Th1) is associated
with proinflammatory cytokines including IL-2, IFN-�, and
TNF-� has emerged, and this system is regulated by a sepa-
rate subset of similar cells (Th2) that are associated with an-
tiinflammatory cytokines such as IL-4 and IL-10.

Concurrent with the secretion of IL-1� and TNF-� during
gram-negative bacterial infection and endotoxemia, a complex
network of endogenous cytokine antagonists for these cy-
tokines functions to dampen the host cytokine response. In-
terleukin-1 receptor antagonist (IL-1ra) is secreted, tumor
necrosis factor-binding protein (TNF-BP) is shed from the cell
surface (representing TNF RI), and other agents tightly regu-
late cytokine elaboration under normal circumstances, al-
though during severe infection an exaggerated, dysregulated cy-
tokine response can occur.5–8

Finally, certain parts of the body possess unique host de-
fense mechanisms. For example, specialized areas on the peri-
toneal mesothelial surface of the diaphragm form stomata
that lead into lymphatic channels, which in turn coalesce into
large channels within the thoracic cavity that eventually
drain into the thoracic duct.9 Via this pathway, large volumes
of fluid containing phagocytic cells, erythrocytes, or microbes
can be pumped from the peritoneal cavity. However, if a large
inoculum of microbes enters the bloodstream via this mech-
anism, sepsis syndrome can occur.
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Antimicrobial Agents

The precepts of antimicrobial agent usage entail familiarity
with the following: (1) microbes commonly encountered dur-
ing the prevention or treatment of specific types of infections;
(2) antibiotic class, mechanism of action, and spectrum of ac-
tivity of index agents; (3) spectrum of activity of specific
agents within a class; (4) prophylactic, empiric (preemptive),
or therapeutic use coupled with duration of administration;
(5) global, institutional, and unique care unit microbial an-
tibiotic resistance patterns; (6) culture and antibiotic sensi-
tivity patterns of organisms cultured from a specific site; and
(7) clinical course of the patient.

�-Lactam Agents

Four subclasses of �-lactam drugs have been developed, all of
which are bactericidal: penicillins, cephalosporins, monobac-
tams, and carbapenems. These drugs act to inhibit bacterial
cell wall synthesis by competitively inhibiting transpeptida-
tion of the D-alanyl group of N-acteylmuramic acid residues.
This step in microbial cell wall peptidoglycan synthesis and
cross-linking is critical to microbial cell wall integrity. 

Penicillin G is the index drug for this class; it possesses
activity against many common gram-positive organisms, but
resistant isolates have become increasingly common. Depot
forms of the drug (procaine and benzathine penicillin) remain
extremely useful agents, and penicillin V is available as an
oral formulation. Ampicillin and amoxicillin exhibit activity
against many enterococci and streptococci and a limited num-
ber of strains of gram-negative aerobes such as Escherichia
coli. So-called semisynthetic penicillins such as methicillin
exhibit substantial gram-positive activity, similar to penicillin
G for streptococci plus enhanced activity against Staphylo-
coccus aureus, although the prevalence of methicillin-resis-
tant strains (MRSA) has increased substantially during the past
decade. Carboxypenicillins (carbenicillin, ticarcillin) and ure-
idopenicillins (acylampicillins [piperacillin, azlocillin]) exhibit
substantial activity against gram-negative aerobes including
many strains of Pseudomonas aeruginosa, and the latter
agents also are active against many strains of enterococci based
upon their derivation from ampicillin.

Many microbes secrete enzymes that cleave the �-lactam
ring of these agents, and several inhibitors of these virulence
factors have been developed (clavulanate, sulbactam, tazobac-
tam). These compounds have been combined with �-lactam
antibiotics, and the combined drugs (ticarcillin-clavulanate,
amoxicillin-clavulanate, ampicillin-sulbactam, piperacillin-
tazobactam) possess an extended spectrum of activity that
generally includes more strains of gram-positive and gram-
negative aerobes than the parent antibiotic alone, plus potent
anaerobic activity.

A large number of cephalosporins have been developed as
well, and these agents are grouped into first-, second-, third-,
and more recently fourth-generation drugs. A simple way to
remember the spectrum of activity of the agents in each gen-
eration is that first-generation drugs exhibit considerable
gram-positive aerobic activity including activity against 
methicillin-sensitive Staphylococcus aureus (MSSA), but lit-
tle gram-negative aerobic activity. Gram-positive activity 
decreases progressively with second- and third-generation
agents, whereas the gram-negative activity increases and se-

lected second- and third-generation agents (ceftriaxone, ce-
foxitin, cefotetan) possess considerable activity against anaer-
obes. This activity occurs because bacterial enzymes located
at the cell wall division plate to which different types of �-
lactam antibiotics bind are distinct among gram-positive and
gram-negative bacteria. Finally, cephalosporin agents do not
possess any important degree of enterococcal activity.

A single monobactam agent has been developed (aztre-
onam), and this drug has activity against only gram-negative
aerobes such as E. coli and many but not all strains of Pseudo-
monas aeruginosa. Carbapenem agents exhibit potent activity
against many gram-negative aerobes including P. aeruginosa
and most anaerobes. Imipenem-cilastatin is a combination
drug in which cilastatin prevents degradation of the �-lactam
component by renal tubular epithelial brush border dihy-
dropeptidases. Meropenem is not degraded in this fashion
while Ertapenem can be administered once daily.

Glycopeptides and Streptogramins

Vancomycin and teicoplanin are glycopeptides that act to kill
bacteria by inhibiting bacterial cell wall synthesis in a fash-
ion distinct from that of �-lactam drugs. These agents demon-
strate potent activity against most strains of gram-positive
pathogens including streptococci, many enterococci, MSSA,
and MRSA. Bacteria resistant to one agent are generally re-
sistant to the other. Vancomycin exhibits nephrotoxicity, and
drug level and serum creatinine monitoring generally is re-
quired. Potential advantages of teicoplanin include reduced
nephrotoxicity and less frequent dosing.

Streptogramins are a class of agents that act to prevent
bacterial growth by inhibition of ribosomal synthesis. Strep-
togramins A and B act via two separate mechanisms, both of
which are distinct from that of other protein synthesis 
inhibitors. Quinupristine-dalfopristine combines these two
streptogramins and is active against many gram-positive
pathogens.

Macrolides and Related Agents

Erythromycin is a macrolide antibiotic that acts to inhibit
bacterial protein synthesis by binding to the 50S ribosomal
subunit. It possesses activity against a number of gram-
positive organisms and some degree of anaerobic activity.
Azithromycin and clarithromycin also are macrolides and
possess greater anaerobic activity. None of these drugs should
be considered “first-line” agents for either staphylococci or
streptococci, although they often are administered to patients
who are allergic to �-lactam drugs. Clindamycin, chloram-
phenicol, and various tetracyclines are structurally unrelated
but act to inhibit various steps in bacterial protein synthesis;
they possess considerable activity against anaerobes as well
as many gram-positive pathogens.

Aminoglycosides

The aminoglycosides are available only in parenteral formu-
lation and are bactericidal, acting to inhibit microbial ribo-
somal protein synthesis plus a second poorly defined micro-
bicidal mechanism, both of which lead to bacterial killing.
Their spectrum of activity is primarily gram-negative aerobes
including Enterobacteriaceae and pseudomonads, and they

6 6 CHAPTER 6



exhibit some degree of activity against some strains of gram-
positive microbes. Their use is associated with nephrotoxic-
ity, and for that reason many clinicians believe that drug lev-
els and serum creatinine values should be monitored to avoid
high peaks and troughs of drug levels if more than 3 days of
therapy are needed or if the patient exhibits renal dysfunc-
tion before initial administration.

Quinolones

The quinolones act to inhibit bacterial replication by binding
to one of several DNA synthase enzymes (DNA gyrase, DNA
topoisomerase IV). Naladixic acid is the index agent, and this
drug possesses activity primarily against gram-negative aero-
bic microbes. More recently, a number of fluoroquinolones
have become available, all of which possess greater activity
against gram-negative aerobes and some degree of gram-
positive activity. Ciprofloxacin demonstrates excellent activ-
ity against gram-negative aerobes including Pseudomonas
aeruginosa, while levofloxacin, ofloxacin, grepafloxacin,
lomefloxacin, and sparfloxacin exhibit enhanced activity
against gram-positive bacteria. Trovafloxacin and moxi-
floxacin demonstrate activity against gram-negative and
gram-positive aerobes as well as anaerobes, but trovafloxacin
is no longer available because of a low but significant inci-
dence of severe hepatotoxicity associated with its adminis-
tration.

Sulfonamides

Sulfonamide agents act by inhibition of microbial folic acid
production, blocking the synthesis of tetrahydropteroid acid.
A number of agents are available, and one of the most useful
is sulfamethoxazole. When combined with trimethoprim,
which inhibits the enzyme dihydrofolate reductase that cat-
alyzes a later step in the same biosynthetic pathway, these
drugs are extremely active against a wide spectrum of
pathogens including gram-negative aerobes. This agent com-
monly is used to treat urinary tract infections and to prevent
and treat infection caused by certain opportunistic pathogens
in immunosuppressed patients.

Other Antibacterial Agents

Metronidazole is a drug that is available in oral and intra-
venous formulations and possesses potent activity against vir-
tually all anaerobic bacteria, as well as gut parasites. It is of-
ten used to treat the anaerobic component of a polymicrobial
infection; it is also effective against Clostridium difficile, and
its oral formulation is used to treat colonic infection caused
by this pathogen.

Antifungal Agents

A more limited number of agents are available to treat fun-
gal pathogens; these consist of amphotericin B and several
azole drugs. Amphotericin B acts to prevent fungal growth
and kills fungi by binding to fungal cell wall sterols and caus-
ing cell death via lysis. However, this agent causes nephro-
toxicity, the occurrence of which is related to the cumulative
dose of drug administered. Several different liposomal prepa-
rations of this agent have been developed that allow admin-

istration of much higher (three- to fivefold) doses with less
associated nephrotoxicity and equivalent or perhaps superior
efficacy, albeit currently at higher cost. Azole agents inhibit
fungal sterol synthesis that is critical to cell wall growth and
therefore division. Agents such as ketaconazole are active
against many routine fungi such as Candida as well as spe-
cific agents such as Blastomyces dermatiditis. Triazole drugs
(fluconazole, itraconazole, voriconazole) and the echinocan-
din caspofungin are active against a wider array of fungi.

Antiviral Agents

Only a limited number of viral agents are available, although
the number has increased in recent years. Acyclovir, ganci-
clovir, and their derivatives valacyclovir and valganciclovir ex-
hibit activity primarily directed against herpesviruses. Aman-
tadine is effective against influenza virus A (but not B), a
pathogen that causes disease rarely even in immunosuppressed
patients. Ribavarin is used to treat respiratory syncytial virus,
and although it has been used to treat infection caused by ade-
novirus, its efficacy for this and other pathogens is limited.

The hepatitides are diseases caused by a diverse group of
pathogens that are considered together because of their
propensity to cause hepatocellular cytotoxicity, eventual cir-
rhosis and hepatic failure, and hepatocellular carcinoma. The
most common pathogens among surgical patients are HBV
and HCV, both of which can be transmitted via blood or body
fluid exposure. Disease caused by HBV can be prevented by
vaccination, and individuals at high risk for exposure (he-
modialysis patients, and all surgeons and health care work-
ers who participate in invasive procedures) should receive
three doses of the recombinant vaccine.10 Disease caused by
HBV can range from asymptomatic infection identified solely
by serological studies to fulminant hepatic failure. Postexpo-
sure prophylaxis of nonimmunized individuals consists of ad-
ministration of hepatitis B immune globulin (0.06 ml/kg i.m.
immediately and at 1 month), following which standard vac-
cination should take place. There is some evidence that pro-
gression of hepatitis can be ameliorated by use of lamivudine.

HCV is transmitted in a fashion similar to HBV, and also
is identified via serological studies as well as RNA-based as-
says. IFN-�2b is used to treat chronic hepatitis caused by hep-
atitis C virus (3 � 106 U s.c. 3 � /week � 12 months), and a
vaccine is being developed.11 Various other hepatitis viruses
(D and E) have been identified, most of which appear to be
associated and to require HBV coinfection to cause disease.
A series of agents have been developed against human 
immunodeficiency virus (HIV), including agents such as 
zidovudine, all of which act to prevent viral growth by 
inhibiting retroviral reverse transcriptase. Current recom-
mendations for postexposure prophylaxis consist of adminis-
tration of zidovudine for 1 month as a single agent for mu-
cocutaneous exposure to HIV and in combination with other
retroviral agents, lamivudine and indinavir, for serious or
massive exposure including percutaneous injury.12

Appropriate Use of Antimicrobial Agents

Antibiotic usage in surgical patients can be categorized as pro-
phylaxis, empiric (referred to as preemptive by some authors),
and treatment. For surgical patients, antibiotics generally are
used to prevent infection (prophylaxis) in situations in which
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the risk of wound infection is high. In this situation, one or
more agents that possess activity against the most likely
pathogens should be administered. So-called preemptive ther-
apy entails the use of preoperative prophylaxis, following
which postoperative doses are administered as well in a sit-
uation in which a large inoculum is likely to be present such
as penetrating gastrointestinal tract trauma. Although an-
tibiotics routinely are used to treat infection, it should be
noted that for many disease processes the precise duration of
therapy has not been established.

Basic tenets regarding antibiotic therapy in surgical pa-
tients are as follows: (1) define the disease process being
treated, its severity, and set duration of antibiotic therapy
from the outset; (2) reevaluate the patient’s clinical course on
an ongoing basis in relation to the need for antibiotic ad-
ministration; (3) use antibiotics in conjunction with other
treatment modalities such as drainage and debridement; 
(4) use stains, cultures, and sensitivity studies, and other lab-
oratory tests to guide therapy but do not change agents or ex-
tend the antibiotic treatment course in a patient who is far-
ing well solely on the basis of this information; (5) review the
patient’s drug allergy history carefully; (6) choose the least
toxic drug appropriate for the infection; and (7) consider cost
and, if equivalent agents are available, select the least ex-
pensive.13

Antibiotic Allergy

It is important to ascertain whether a patient has had any
type of allergic reaction in association with administration of
a particular antibiotic. Penicillin allergy is quite common, oc-
curring in 7 to 40 of 1000 treatment courses. The incidence
of cross-reactivity to other �-lactam drugs is difficult to as-
certain because some initial cephalosporin preparations con-
tained penicillin drugs as well. Although avoiding the use of
any �-lactam drug is appropriate in patients who manifest sig-
nificant allergic reactions to penicillins, the incidence of
cross-reactivity appears highest for carbapenems, much lower
for cephalosporins (�5–7%), and extremely small for
monobactams.

Severe allergic manifestations to a specific class of agents,
such as anaphylaxis, generally preclude the use of any agents
in that class, except under circumstances in which use of an
agent represents a life-saving measure.

Endocarditis Prophylaxis

Patients with valvular heart disease, prosthetic heart valves,
or other cardiac defects should receive prophylactic antibi-
otics before undergoing dental, upper respiratory, and gas-
trointestinal or genitourinary procedures to prevent the oc-
currence of microbial endocarditis.

Antibiotic Resistance

The widespread use of antibiotics for the treatment of infec-
tious diseases has led to significant improvements in mor-
bidity and mortality rates, but has concomitantly heralded
the appearance of microbes resistant to many different agents.
Resistance patterns parallel the duration and extent of usage
both of classes of agents and of a particular agent, particularly
within an institution. It is imperative that the practitioner

become familiar with global, institutional, and care unit re-
sistance patterns, which are of particular importance in sur-
gical patients for whom prophylactic and preemptive therapy
frequently is employed, the latter before culture and sensi-
tivity results are available.

Surgical Infectious Diseases

Nosocomial Infections in Surgical Patients

Potential sites of such nosocomial infections in surgical pa-
tients include urinary tract infections (UTIs), pneumonia, sur-
gical site (wound) infections (SSIs), and bloodstream infection
bacteremia, the latter of which may occur with or without in-
fection being identified at a specific site, including that of an
intravascular device. Extensive survey data have been collected
regarding the epidemiology of nosocomial infections that in-
clude (1) site-specific rates, (2) causative pathogens, and (3) as-
sociated morbidity and mortality (Table 6.3).14 This informa-
tion is useful in identifying and monitoring high-risk patients,
implementing preventive strategies, and diagnosing and treat-
ing those infections that occur.

URINARY TRACT INFECTION AND PNEUMONIA

UTIs, the most common type of nosocomial infection, can
occur in surgical patients as the result of underlying geni-
tourinary disease or prolonged indwelling catheter drainage.15

For that reason, every attempt should be made to remove this
type of device after the initial operation. In general, this can
be accomplished within 1 to 3 days even for major procedures.
Significant infection can be diagnosed based upon the pres-
ence of more than 100,000 CFU/ml. Initial therapy should be
directed against common gram-negative aerobic organisms
such as E. coli, although UTIs caused by gram-positive bac-
teria such as Enterococcus faecalis and E. faecium are com-
mon as well. Meticulous aseptic technique during catheter
insertion and tubing changes and daily meatal care serve to
diminish the risk of such infections. If a UTI occurs during
the postoperative period, it should be treated for 10 to 14 days
with an antibiotic demonstrated to have efficacy based upon
sensitivity testing, and a urine sample should be obtained for
culture 3 to 5 days after completion of therapy. Identification

TABLE 6.3.   Epidemiology of Nosocomial Infections in Patients in
Surgical Intensive Care Units.

Nosocomial infection Rate Distributiona (%)

Urinary tract 5.3b 20.7
Surgical site 0.14–5.28c 13.2
Pneumonia 14.5d 31.4
Central line-associated bacteremia 4.9e 15.1
Other 19.6
aPercentage that each type of infection contributes to 100% of infections
among surgical patients.
bNumber of urinary catheter-days/number of patient days.
cNumber of infections per 100 cases.
dNumber of ventilator-days/number of patient days.
eNumber of central line-days/number of patient days.

Source: Anonymous.14
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of recurrent infection mandates a search for an underlying
anatomical abnormality.

The occurrence of postoperative pneumonia in a surgical
patient is a grave, potentially highly morbid event. In some pa-
tients the diagnosis is readily established based upon the pres-
ence of a discrete area of pulmonary consolidation on chest
roetgenogram and a single organism being identified upon
Gram stain and culture from a sample of sputum. In most hos-
pitals, initial empiric therapy should be directed against gram-
negative aerobic pathogens although gram-positive microbes
such as Staphylococcus aureus also cause such infections. Pa-
tients who undergo prolonged tracheal intubation who develop
fever and infiltrates on chest roetgenogram should undergo di-
agnostic bronchoscopy if routine sputum sampling does not re-
veal the presence of more than 25 PMNs per low-power field
(�100) via microscopic examination and a single causative or-
ganism using the former technique or routine culture. Postop-
erative pneumonia should be treated with a 14-21-day course
of an appropriate parenteral antibiotic; it is associated with a
mortality rate of more than 50% among patients requiring me-
chanical ventilation.16,17

SURGICAL SITE INFECTIONS

Surgical site infections are categorized according to whether
they involve the superficial wound that constitutes the skin
and subcutaneous tissue above the fascia, the deep wound
that is the body cavity in which the procedure is performed,
or both regions concurrently. Because of the importance of
administering prophylactic antibiotics in reducing wound in-
fection rates for certain types of procedures, surgical wounds
are classified into three strata according to the potential risk
of microbial contamination. Class I or clean wounds are those
in which only skin microflora are likely to contaminate the
operative field; because no hollow viscus that possesses en-
dogenous microflora is entered, the risk of infection is low

(�1–4%). A subset of class I wounds (ID) are those in which
prosthetic material such as mesh, a vascular graft, a cardiac
valve, or a medical device is implanted; although the risk of
infection is similar to other class I wounds, the consequences
of wound infection can be dire, often defeating the purpose
of the procedure. Class II clean contaminated wounds are
those in which a hollow viscus likely to harbor microbes is
entered (gut, biliary tract), such that both skin microflora plus
resident microbes may be present in the wound, producing a
slightly higher risk of infection (�3–6%). Class III wounds are
those in which substantial microbial contamination (e.g., fe-
cal soilage; traumatic heavily contaminated wound) may be
present, and the overall wound infection risk is substantial
(�4–20%), particularly if the skin edges of the superficial
wound are apposed. Examples of operative procedures and
ranges of wound infection rates are provided in Table 6.4.
Wound classification systems are used by the surgeon to de-
cide whether to administer prophylactic antibiotics, whether
to select agents with activity against pathogens that are likely
to contaminate the wound and cause infection, and whether
to close the skin edges of the wound per primum.

A series of maneuvers appear, in composite, to reduce the
rate of infection of either the superficial or deep portions of
the wound or both sites. These include (1) preoperative pa-
tient skin preparation in the form of scrubbing the prospec-
tive wound area and showering using a topical microbicide;
(2) clipping of hair, but avoidance of shaving the skin of the
prospective wound site, particularly in advance of the proce-
dure because microbial proliferation can occur in areas of epi-
dermal damage; (3) surgeon handscrubbing and patient skin
preparation using a topical microbicide immediately before
the procedure; (4) instrument sterilization and avoidance of
breaks in aseptic technique; (5) use of mechanical prepara-
tion, intraluminal antibiotics, or antiseptics for selected pro-
cedures to reduce the microbial inoculum within a hollow
viscus that will be entered as part of the procedure; and 

TABLE 6.4.   Surgical Site Infection Risk Stratification and Rates of Infection.

Class Definition Examples Rate (%)

I: Clean Atraumatic wound Herniorraphy 1–4
No inflammation Excision of skin lesion
No break in aseptic technique Thyroidectomy
No entry of biliary,

respiratory, GI, or GU tracts
ID: Clean; prosthetic Same as I, Clean Vascular surgery with graft 1–4

material implanted Cardiac valve replacement
II: Clean contaminated Atraumatic wound Appendectomy without 3–6

No inflammation perforation
Minor break in aseptic Elective colectomy after bowel

technique preparation
Biliary, respiratory, GI, or GU Cholecystectomy

tracts entered with either
minimal spillage or prior
preparation

III: Contaminated Traumatic wound with delay Colectomy for colonic 4–20
in therapy or exogenous perforation
contamination Open drainage of intraabdominal

Inflammation or purulence abscess
Major break in aseptic

technique
Entry of biliary, respiratory,

GI, or GU tract with gross
spillage of contents
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(6) administration of prophylactic antibiotics that possess ac-
tivity against numerically common, albeit not all, potential
pathogens that may contaminate the wound during the op-
eration.

In current clinical practice, prophylactic usage of antibi-
otics consists of administration of an agent with activity
against pathogens that could be present in substantial num-
bers, and in which the statistical likelihood of these microbes
causing infection is low but measurable. For practical pur-
poses this amounts to a risk of infection of more than 2% to
4%. Thus, standard practice entails administration of a pro-
phylactic antibiotic 5 to 10 min before creating the skin in-
cision for class ID, II, and selected class III procedures.18–21 In
addition, the agent should be readministered during those pro-
cedures in which the duration of the operation exceeds the
serum t1/2 of the agent to ensure that microbial levels are con-
tinually present. 

Whether systemic antibiotics should be administered to pa-
tients undergoing clean surgery continues to be debated. Sev-
eral clinical trials have attempted to resolve this issue, but
none have provided definitive evidence of the value of pro-
phylactic antibiotics in reducing wound infection rates.22,23

The subset of patients undergoing clean surgery in whom 
a prosthetic device is implanted into a tissue space (e.g., 
pacemaker, vascular graft) should receive an agent directed
against skin microflora because in most cases wound infec-
tion is associated with considerable morbidity and occasional
mortality.

The effect of prophylactic antibiotics has been most care-
fully examined in patients undergoing elective colonic resec-
tion. Initial studies provided evidence of the efficacy of me-
chanical preparation of the bowel using cathartics and enemas
plus oral antibiotics administered on three occasions before
the operation. Poorly absorbed agents directed against gram-
negative aerobes (neomycin) and absorbable agents with ac-
tivity against anaerobes (erythromycin, tetracycline, metron-
idazole) were examined, and clear benefit in reducing both
superficial and deep wound infection rates were observed.24

Current standard of care based upon survey results conducted
during the past decade is the use of mechanical bowel prepa-
ration, two separate oral agents, plus a single dose of a par-
enteral agent with a spectrum of activity against aerobes and
anaerobes.25

Superficial surgical wound infection must be treated by
opening the wound, draining purulent material, debriding de-
vitalized tissue, and instituting dressing changes that include
packing the wound with gauze. Obtaining cultures and us-
ing of an antimicrobial agent should be reserved for patients
who exhibit extensive cellulitis (�2 cm from incision mar-
gin) and immunosuppressed patients in whom unusual
pathogens may be causative. Deep wound infections require
percutaneous drainage if no ongoing source of infection such
as a leaking anastomosis is present, although in some pa-
tients reexploration is required.

BLOODSTREAM INFECTIONS AND SEPSIS SYNDROME

Bloodstream infections occur frequently in the nosocomial
environment; currently the incidence of nosocomial blood-
stream infection is about 250,000 to 300,000 per annum in
the United States.14,26 Gram-positive microbes account for
about 50 to 60% of events and gram-negative bacteria about

30%; fungemia, mainly caused by Candida sp., accounts for
the remainder. Sepsis syndrome occurs in a subset of patients
who manifest the systemic inflammatory response syndrome
(SIRS) on the basis of infection. Currently, SIRS describes pa-
tients with two or more of the following: temperature above
38°C, heart rate greater than 90 beats/min, respiratory rate
above 20 breaths/min, white blood cell count above 12,000
cells/mm3, and the presence of more than 10% immature
band forms of neutrophils on the peripheral blood smear.27 It
is highly likely, however, that most episodes of bacteremia
and fungemia are both intermittent and transient, precluding
isolation of the offending pathogens during every clinical
event; less than 50% of patients who develop sepsis syndrome
have a microbial pathogen cultured from their bloodstream.
The term severe sepsis syndrome refers to the added presence
of organ dysfunction. Septic shock is defined as the sepsis
syndrome in association with hypotension that persists de-
spite adequate fluid resuscitation.

Sepsis syndrome can progress to MSOF and is the thir-
teenth most common cause of death among patients in the
United States, with as many as 400,000 cases occurring an-
nually, and surgical patients account for about 30% of these
cases.28,29 Despite improvements in antimicrobial therapy
and intensive care (e.g., aggressive fluid resuscitation, hemo-
dynamic monitoring, and metabolic support), mortality asso-
ciated with sepsis syndrome remains at about 40%, a statis-
tic that has changed but little over the past several decades. 

Because staphylococci are responsible for the majority of
gram-positive bacteremic events, initial antibiotic therapy
should target these organisms. Because of the appearance and
rapid spread of VRE that has been associated with widespread
vancomycin use, consideration should be given to the use of
semisynthetic penicillins such as nafcillin or methicillin or
a first-generation cephalosporin as initial empiric therapy. For
the �-lactam-allergic patient or a patient who has developed
a life-threatening infection, a short course (at most 3 days) of
vancomycin should be administered, after which empiric
therapy with this drug should be halted if no gram-positive
organism is isolated either from blood or from a specific site
of infection. 

Bacteremia caused by gram-negative bacterial infections
remains common, accounting for about 30 to 35% of cases.
The mortality associated with gram-negative bacteremia in
normal individuals is 10% and may exceed 50% in im-
munocompromised patients. Antibiotic therapy should be
initiated if evidence of sepsis syndrome and a potential source
of gram-negative bacterial infection are identified; therapy
should not be delayed for culture documentation of bac-
teremia. The initial choice of antimicrobial agent should be
based upon the institutional or care unit antibiotic resistance
patterns.

Clinical trials in which febrile neutropenic patients were
treated with either single agents or two agents in combina-
tion, usually a �-lactam drug plus an aminoglycoside, have
provided evidence that the dual-agent therapy is more effec-
tive than single-agent therapy in this particular heavily im-
munosuppressed patient population. Currently, a single
broad-spectrum �-lactam agent is used with or without van-
comycin.30,31 Although use of dual-agent therapy frequently
is extended to other patient groups, no clinical trials have
been performed to provide evidence of similar efficacy in 
the general patient population. When a microbe is identified
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that is typically highly resistant to many agents (e.g.,
Pseudomonas or Xanthomonas species), dual-agent therapy
should be considered.32

C. albicans accounts for more than half the fungi cultured
from clinical infections. Isolation of fungus from the blood-
stream should prompt immediate initiation of antifungal
treatment and a search for the source of infection. In non-
neutropenic patients, either intravenous fluconazole or am-
photericin B can be used initially, unless the isolate is known
to be resistant to triazole drugs.33 Fungemic patients who ex-
hibit hemodynamic instability or neutropenia should receive
amphotericin B as the initial therapeutic agent. Therapy for
bacteremia or fungemia should be continued for 10 to 21 days,
although the precise duration of therapy is unknown and has
not been examined in clinical trials.

INTRAVASCULAR CATHETER INFECTIONS

Many patients undergo intravascular catheter placement at
some time during their hospitalization, and epidemiological
linear data indicate that among about 3 million central ve-
nous catheters inserted per annum in the United States, about
25% will become colonized and among about 5% (150,000)
will be associated with bacteremia. Similar events are 10-fold
less common when peripheral catheters are considered, prob-
ably because of their short duration of use.34

The risk of catheter infection is increased if inserted
through infected or contaminated skin (e.g., burns), so these
areas should be avoided if at all possible. Femoral vein
catheters are more likely to become infected than subclavian
or internal jugular vein catheters, probably related to both de-
gree of skin contamination and catheter movement in and
out of the exit site. Multilumen catheters may also have a
higher rate of infection than single-lumen catheters, but this
may not be clinically significant because multilumen
catheters are typically used for short periods of time. Al-
though tunneled or cuffed catheters initially were thought to
decrease infection, several prospective studies have shown
that these devices offer no advantage over noncuffed
catheters.35 In composite, the risk of infection increases sig-
nificantly with the length of time a catheter is in place, al-
though this is most probably a surrogate marker for catheter
use and manipulation.

The use of routine catheter changes either via guidewire
exchange or insertion at a separate site has been rigorously ex-
amined. The former increased infection rates, while the latter
increased the incidence of mechanical complications.36

Superficial, limited intravascular catheter-related infec-
tions are diagnosed by the presence of redness, swelling, pain,
and occasionally purulent exudate in proximity to the pe-
ripheral or central venous catheter exit or subcutaneous port
site. Infection of a peripheral intravenous line site in general
can be cured by removal of the catheter, and culture of the
catheter tip or insertion site is unnecessary. Antibiotics di-
rected against gram-positive microbes should be used to treat
accompanying cellulitis or ascending lymphangitis, and the
appearance of a doughy vein proximal to a peripheral catheter
site is cause for concern because suppurative throm-
bophlebitis may be present. Under these circumstances, the
catheter should be removed and the site examined; if more
than 1 ml of purulent material is encountered, the patient
should be taken to the operating room and this area explored.

The presence of purulent material and infected clot extend-
ing proximally in the vein mandates removal of the infected
vein and treatment with a 14-21-day course of a parenteral
antibiotic selected on the basis of initial Gram stain and sub-
sequent culture and sensitivity data.

Purulent material at the catheter exit site should be cul-
tured, and ultrasonography can be used to identify and per-
cutaneously sample fluid within a subcutaneous port pocket.
Demonstrably infected wounds should be locally explored and
drained, and in most cases catheter removal is required. In
the absence of obvious infection, however, blood cultures
should be obtained peripherally and through the catheter, but
the diagnosis is established unequivocally only by removing
the device, demonstrating large numbers of microbes on the
device itself, and observing resolution of the patient’s signs
and symptoms.

In the most commonly used semiquantitative method, the
distal 2 cm of the catheter is rolled across an agar plate and
growth of more than 15 colonies per plate is considered diag-
nostic of catheter infection. Because the most serious event
with catheter infection is bacteremia, a positive blood culture
is probably of the most practical importance. Blood cultures
drawn through the catheter growing 5-10-fold more colonies
than peripheral cultures obtained simultaneously verify the
catheter as the source of bacteremia. In general, patients with
signs of infection and a positive blood culture drawn through
the catheter or a positive catheter tip culture (�15 colonies per
plate) should be treated for catheter infection.

Patients should undergo catheter removal if catheter in-
fection is suspected and the device can be readily removed
without altering the patient’s treatment course. However, if
the catheter is required for ongoing treatment, the potentially
infected line can be removed and the tip cultured, and a new
catheter inserted over a guidewire. If the catheter tip culture
shows that the original catheter was infected, a new catheter
can be placed at a fresh site. Antibiotic therapy should be ad-
justed on the basis of culture data, including halting therapy
among patients in whom neither bacteremia nor catheter col-
onization is identified, particularly in those individuals in
whom systemic manifestations resolve rapidly.

Approximately 80% of catheter infections are caused by
increasingly common gram-positive microbes, and about 75-
85% can be successfully treated with a 14-21-day course of a
parenteral antibiotic-absent catheter removal.37,38 Initial em-
piric antibiotic therapy should not be extended more 
than 3 to 5 days without confirming the presence of a gram-
positive microbe in blood or catheter exchange cultures. An-
tibiotic therapy should not be continued if the patient’s clin-
ical course fails to improve after 24 to 48 h. Under those
conditions, the catheter should be removed.

VASCULAR AND CARDIOVASCULAR INFECTIONS

Infections involving the vascular system are rare and proba-
bly occur subsequent to hematogenous seeding of either a
pathological abnormality or one created by operative inter-
vention. Salmonella and staphylococcal infection can involve
the great vessels on rare occasions, leading to “mycotic”
aneurysm formation. This type of aneurysm can rapidly ex-
pand, and the risk of rupture is high. Acute and chronic in-
fection of prosthetic vascular grafts is more common, occur-
ring after about 2-6% of vascular procedures in which such
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material is implanted.39 Complications associated with these
infections include rupture, thrombosis, distal embolization,
bacteremia, and sepsis syndrome. Standard care consists of
removal of the infected portion of the graft and any sur-
rounding infected tissue, concurrent vascular bypass to avoid
recontamination (often extraanatomical), and administration
of a 6-12-week course of an antimicrobial agent.

Native or prosthetic cardiac valvular infection initially is
treated with a 6-12-week course of one or more antibiotics,
but significant cardiac dysfunction, recurrent infection, par-
ticularly that associated with sepsis syndrome unresponsive
to initial antimicrobial agent therapy, or fungal infection war-
rants valvular removal and replacement.40 Every attempt
should be made to reduce the inoculum size via administra-
tion of perioperative antibiotics, and the resected valve tis-
sue should be examined microscopically for the presence of
microbes and cultured. Generally, implantation of autoge-
nous valves is preferred over prosthetic valves in this situa-
tion, and parenteral antibiotics should be continued for about
6 to 12 weeks after replacement of an infected cardiac valve
in an attempt to reduce the likelihood of recurrent infection.

Skin and Soft Tissue Infections

Soft tissue infections are classified according to (1) tissue
plane affected and extent of invasion, (2) anatomical site, and
(3) causative pathogen(s) (Table 6.5).41 Parameters such as ra-
pidity of progression and clinical manifestations (e.g., septic
shock) are important to consider as well. The most common
of these diseases are superficial infections (cellulitis,
erysipelas, lymphangitis, and furunculosis) caused by gram-
positive aerobic skin microflora, although gram-negative bac-
teria and yeast also are capable of causing these infections,
particularly in immunocompromised patients. Most com-
monly, erythema and mild cellulitis are associated with mild
abrasive or penetrating trauma to the surrounding skin, the
presence of dermatological disease, or a superficial surgical
wound infection. These infections rarely progress to more se-
rious infection and can be treated by a 3- to 5-day course of
an oral first-generation cephalosporin or a semisynthetic peni-
cillin. Superficial surgical wound infection must be treated
by opening the wound, as previously mentioned.

More extensive cellulitis in which spread of erythema oc-
curs is referred to as erysipelas. A life-threatening form of this
disease occurs as the result of �-hemolytic streptococci in
which rapid progression of disease from a single site occurs
and systemic toxicity is severe because of bacterial exotoxin
secretion.42 Treatment consists of administration of 16 to 20
M_U/day of penicillin G i.v. and debridement of necrotic tis-
sue. Spread of infection via lymphatic drainage channels man-
ifests as “streaks” and is termed lymphangitis. Either of these
types of infection should be treated with a parenteral antibi-
otic with gram-positive activity until resolution occurs. An

involved extremity should be elevated and mobility restricted
until the infection is effectively treated. Furuncuolosis rep-
resents more extensive disease in which superficial subcuta-
neous abscesses form; treatment generally requires antimi-
crobial agent therapy and surgical incision and drainage if
spontaneous drainage does not occur. In all patients with
what appears to be superficial infection, a careful search for
the presence of a more aggressive underlying soft tissue in-
fection should be undertaken.

Aggressive infections involving the deep soft tissues can
occur with or without the presence of a superficial infection,
and the most difficult to diagnose and treat are those that in-
volve only the deep tissue because few external manifesta-
tions occur. Deep soft tissue infections are classified as fol-
lows: (1) necrotizing fasciitis, (2) necrotizing myositis, 
(3) pyomyositis, and (4) parasitic muscle infections.43,44 These
infections are rare and difficult to diagnose, and it remains
difficult to predict their occurrence.

The most common types of deep soft tissue infections are
necrotizing fasciitis and necrotizing myositis. The former is a
necrotizing infection of the fascia deep to the panniculus adi-
posus. Invariably there is rapid, extensive spread in the deep
soft tissues that may secondarily involve the surrounding mus-
cles. Necrotizing myositis primarily involves the muscles and
will rapidly involve and impair the muscle bed and spread to
adjacent soft tissues. Either of these types of infection can be
caused by a single organism, most commonly Streptococcus
pyogenes or Clostridium perfringens, and rarely gram-negative
aerobes such as Pseudomonas aeruginosa or Vibrio vulnificans.
More commonly, however, polymicrobial infections occur.

The clinical presentation of such infections often is indo-
lent. Fever and confusion may be the first signs, and there may
be pain out of proportion to any findings on physical exami-
nation, particularly if an extremity is involved. Drainage of wa-
tery, grayish fluid from the wound or an open sore, an odd cop-
pery hue of the skin, brawny induration, and skin blebs and/or
crepitus are pathognomonic of these infections, and rapid ex-
tension to adjacent sites can occur. Patients often exhibit high
fever, tachycardia, hypotension, shock, and incipient MSOF
with disseminated intravascular coagulation (most probably re-
lated to bacterial exotoxin secretion and bacterial synergistic
interactions that occur during polymicrobial infections), and
occasionally renal failure secondary to rhabdomyolysis.

Ascertaining the presence of a deep soft tissue infection
can be difficult. Initially, the patient’s history should be re-
viewed for the presence of any risk factors, and the patient
should be thoroughly examined to determine whether possi-
ble entry sites, skin changes, or crepitus are present. Plain
roentgenograms looking for gas in the soft tissue should be
performed, and computerized tomography or magnetic reso-
nance imaging can occasionally be helpful in establishing the
diagnosis. However, radiological studies, particularly time-
consuming scans, should not be performed if it seems highly
likely that a deep soft tissue infection is present, particularly
if the patient exhibits hemodynamic instability. Under those
circumstances, rapid fluid resuscitation should take place and
an incisional biopsy should be performed in the operating
room, obtaining direct visualization of both the soft tissue
and muscle. Fluid can be obtained for performance of Gram
stain and cultures.

The presence of a deep soft tissue infection mandates rad-
ical debridement of all infected tissue, and the surgeon must

TABLE 6.5.   Classification of Soft Tissue Infections.

Superficial soft tissue infections Deep soft tissue infections

Cellulitis Necrotizing fasciitis
Erysipelas Necrotizing myositis
Furuncles Parasitic muscle infections
Lymphangitis Pyomyositis
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be prepared to proceed with such intervention at the time of
initial diagnostic exploration. For the most part, the surgeon
must use his or her judgment to debride tissue to the point
where all devitalized tissue has been removed. Some clini-
cians have advocated frozen section analysis, but it remains
unclear whether this definitively provides information to as-
sist with determining the extent of resection.45 This type of
surgery often is cosmetically disfiguring and may involve am-
putation of an extremity to save the patient’s life. Planned
reexploration and debridement must occur in almost all cases
until the infection has been eradicated.

Antibiotic therapy initially should be directed against
gram-positive aerobes, gram-negative aerobes, anaerobes, and
Clostridium perfringens until Gram stain and culture results
are available. Antifungal therapy is often administered as well
to immunosuppressed patients.

Deep soft tissue infections are associated with a mortal-
ity rate of about 50%, even with rapid diagnosis, radical de-
bridement, and administration of appropriate antibiotics.
Minimal debridement, incision and drainage plus antibiotics,
or use of antibiotics alone is associated with approximately
80-100% mortality.46 Higher rates of morbidity and mortal-
ity are associated with delay of diagnosis, less than radical
debridement, initial selection of antibiotics that in retrospect
prove to be ineffective against the pathogens encountered, and
the occurrence of these infections in elderly, diabetic, or im-
munosuppressed patients.

Pyomyositis consists of abscesses deep within the muscle
compartment. Patients develop fever and localized swelling.
The surrounding muscle initially is not involved but may be-
come infected subsequently. Causative organisms include
Staphylococcus aureus and Escherichia coli.47 Treatment
consists of open drainage and debridement and antibiotics.
Parasitic myositis is similar, but occurs as the result of
Trichinella or Toxocara among patients in tropical environ-
ments or those infected with HIV. The presentation is more
indolent, and treatment also consists of open-drainage ad-
ministration of an antiparasitic agent.

Intraabdominal Infections

Infection within the abdominal cavity is termed microbial
peritonitis and is classified according to etiology into primary,
secondary, and tertiary forms. Effective treatment of this type
of infection requires use of antimicrobial agents, operative in-
tervention, or both.

Primary microbial peritonitis occurs without the presence
of perforation of a hollow viscus and probably is caused by
seeding of microorganisms, either directly or perhaps via bac-
terial translocation from the gut or via hematogenous dis-
semination, into the peritoneal cavity. This process is caused
by a single type of organism (monomicrobial), and common
causative pathogens include E. coli or other aerobic gram-
negative bacilli, Staphylococcus aureus, Enterococcus faecalis
and E. faecium, and, less frequently, Candida albicans. This
disease process is associated with the presence of abnormal
amounts of fluid within the peritoneal cavity, which normally
contains only 50 ml or less. Thus, patients who develop he-
patic cirrhosis and ascites and individuals undergoing peri-
toneal dialysis are prone to this type of infection. If suspected,
abdominal paracentesis should be performed. Confirmatory
evidence includes the presence of numerous PMNs and a sin-

gle type of microbe on Gram stain. If polymicrobial flora are
observed on Gram stain, the diagnosis of primary microbial
peritonitis is incorrect and secondary microbial peritonitis
most likely is present. Treatment of primary microbial peri-
tonitis consists of administration of parenteral antimicrobial
agents directed against the causative pathogen for 14-21 days.
Removal of prosthetic material such as a peritoneal dialysis
catheter generally is necessary, although it may be possible
to treat some patients solely with antibiotics. Resolution of
symptoms is the best indicator of successful therapy, al-
though posttreatment paracentesis can be considered for se-
vere or recurrent cases.

Secondary microbial peritonitis occurs subsequent to per-
foration of a hollow viscus in which endogenous microbes spill
out into the peritoneal cavity, forming the initial inoculum.
Not surprisingly, perforation of the colon is associated with
higher infection rates compared to other types of perforation
because of the large inoculum size, consisting of both aerobes
and anaerobes. After such contamination, the clinical mani-
festations of infection include severe abdominal pain associ-
ated with distension, ileus, and fever, and evidence of free in-
traperitoneal air or leakage from the gut on routine
radiographic studies or those using contrast mate-rial, respec-
tively. At the time of abdominal exploration, fi-brinopurulent
peritonitis is encountered that may be localized or diffuse.
Subsequent to expeditious fluid resuscitation, patients who
develop secondary microbial peritonitis should undergo
surgery to alleviate the source of ongoing peritoneal soilage.

The optimal duration of therapy has proved difficult to
ascertain among all patients who develop intraabdominal in-
fection, although it has been determined for certain types of
patients. In general, after appropriate surgical intervention pa-
tients with any type of localized peritoneal contamination
can be treated with a 3-5-day course of an antimicrobial agent,
whereas longer courses are indicated for immunosuppressed
patients and patients with more extensive contamination.
Currently, 10% or less of patients die if the initial therapy
cures the disease; however, the mortality rate remains about
30-50% among those individuals in whom initial therapy is
not successful.

Even after timely surgical intervention and preemptive
antibiotic therapy, about 15-30% of patients demonstrate on-
going infection consisting of recurrent secondary microbial
peritonitis, intraabdominal abscess, or tertiary microbial peri-
tonitis. Parameters that should alert the surgeon to the pres-
ence of ongoing intraabdominal infection, particularly at the
conclusion of antibiotic therapy, include fever (tempera-
ture �37.6°C), peripheral white blood cell (WBC) more than
10,000 cells/ml, and band forms on peripheral smear.48,49

Note, however, that the presence of these indicators does not
necessarily warrant continuance of antibiotics or alteration
of agents to cure recrudescent infection; rather, it mandates
an intensive search for a problem that may be rectified by fur-
ther intervention (e.g., intraabdominal abscess, leaking anas-
tomosis, UTI, catheter infection).

A subset of patients who develop secondary microbial
peritonitis and who are unable to either eradicate or sequester
intraabdominal infection develop what has been termed per-
sistent or tertiary microbial peritonitis.50 Many of these pa-
tients are immunosuppressed and require reexploration to en-
sure that a source of ongoing contamination is not present.
Generally, cloudy infected peritoneal fluid is encountered and
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cultures reveal the presence of microbes that frequently are
resistant to the antibiotics used to treat the initial episode of
secondary microbial peritonitis. Treatment is directed against
pathogens isolated at the time of reexploration, and frequent
abdominal reexploration to perform lavage and debridement
may be required. The mortality of this disease process re-
mains above 50% despite use of potent antibacterial and an-
tifungal agents and reexploration.

Patients who suffer gastroduodenal perforation and in
whom Candida is isolated probably do not require antifun-
gal therapy if surgical intervention is prompt. However, based
upon retrospective analysis of patients in whom yeast was
isolated from established intraabdominal infection, seriously
ill immunocompromised patients probably benefit from such
therapy with either amphotericin B (total dose, 300–500 mg)
or a triazole drug.

Other Bacterial Infections

Mediastinal infection after cardiothoracic surgery requires 
exploration, drainage, and debridement. Gram-positive mi-
crobes cause most of these types of infection. Extensive in-
fection may require open packing and eventual coverage us-
ing vascularized muscle flaps.

Large (�3–5 cm) hepatic, splenic, and pulmonary ab-
scesses can be percutaneously drained. Concurrent antibiotic
therapy against aerobes and anaerobes should be adminis-
tered. Abscess drainage catheters should be left in place un-
til such time as the output falls below about 30 to 50 ml/day,
although some surgeons have noted that removal within 5
days is associated with recurrence, probably because collapse
of the cavity has not occurred. However, the appropriate du-
ration of catheter drainage treatment has not been rigorously
examined.

Clostridium difficile colonization and infection can occur
in hospitalized patients, and colonic and intestinal inflam-
matory disease caused by this pathogen is closely linked to
antimicrobial agent usage, immunosuppression, and spread
within the hospital environment. Treatment consists of oral
metronidazole for 10-14 days. Recrudescence occurs in 
10-15% of patients and should be treated with a 10- to 14-
day course of oral vancomycin. Rarely, severe disease leads
to severe colitis with sepsis syndrome, colonic necrosis, or
perforation, any of which require subtotal or total colectomy.

Fungal Infections

Fungi are identified as a component of a polymicrobial in-
fection or as sole pathogens. These types of infections can be
classified according to (1) site of infection and (2) pathogenic
and invasive potential of the causative microbe.

Common fungal infections encountered by surgeons in-
clude those caused by Candida and Aspergillus, and although
other organisms bear mention they are less commonly cul-
tured. UTIs, esophagitis, and fungemic events caused by Can-
dida albicans can be treated with either a 14-21-day course
of fluconazole or amphotericin B. Azole-resistant Candida
should be treated with amphotericin B. Cryptococcus neo-
formans can cause cerebromeningitis in immunosuppressed
patients and can be treated with either amphotericin B or flu-
conazole. More aggressive fungal infections caused by As-
pergillus may manifest as pulmonary nodules or infiltrates in

immunosuppressed individuals, although diffuse broncho-
alveolar infection caused by this organism is common in this
patient population. Although infections limited to a single
site have been treated with itraconazole or voriconazole, most
such infections require prolonged amphotericin B therapy
(1.5–2.0 g total dose), concurrent with a reduction in im-
munosuppressive drug therapy in transplant patients. Lack of
complete resolution within 3 to 4 weeks mandates consid-
eration of surgical extirpative therapy.

Pulmonary infection caused by Pneumocystis carinii oc-
curs in immunosuppressed patients and produces cough,
tachypnea, and mild fever, and bilateral diffuse alveolar in-
filtrates or interstitial pneumonia on the chest roentgeno-
gram. Bronchoscopy should be performed in patients who de-
velop these manifestations; treatment consists of parenteral
trimethoprim-sulfamethoxazole, trimethoprim-dapsone, or
pentamidine even if the diagnosis is presumptive.

Viral Infections

Viral infections that come to the attention of surgeons in-
clude herpesviruses, HBV, HCV, HIV, and many other
pathogens. Many of these types of infections occur in im-
munosuppressed solid organ and bone marrow transplant
patients or in patients who have developed acquired im-
munodeficiency syndrome due to HIV. HSV and varicella
zoster virus (VZV) generally cause mucocutaneous lesions
that are self limited, while VZV can present as shingles.
Either can be effectively treated with a 14-21-day course of
acyclovir. Epstein–Barr virus (EBV) infrequently causes a
primary mononucleosis syndrome that should be treated
with high-dose acyclovir, but more commonly it is closely
associated with posttransplant lymphoproliferative disor-
ders (PTLD) in immunosuppressed patients. The incidence
among solid organ transplant patients ranges from about 1-
5% and appears to be correlated with the extent of exoge-
nous immunosuppression. The optimal treatment of PTLD
remains controversial.

Cytomegalovirus (CMV) remains a common problem in
solid organ transplant patients, reported rates of infection
being 50-75%, while clinical disease is somewhat less fre-
quent (�15–25%).51 CMV infection often presents as a very
mild disease syndrome consisting of fever, myalgias,
malaise, lethargy, leukopenia, and mild dyspnea. More se-
rious illness may present initially as severe retinitis, in-
terstitial pneumonia, gastrointestinal hemorrhage, hepati-
tis, or pancreatitis and may evolve into a lethal CMV
syndrome consisting of severe hypoxia and respiratory fail-
ure caused by progressive pneumonitis, as well as hy-
potension, disseminated intravascular coagulation, mas-
sive gastrointestinal hemorrhage, multiple system organ
failure, and death.

A series of randomized, prospective clinical trials have
demonstrated that prophylactic administration of acyclovir,
anti-CMV immunoglobulin, ganciclovir, and valacyclovir
during the first 3 months after solid organ transplantation can
reduce the incidence of CMV disease.52–55 Patients who de-
velop CMV disease should receive 14 to 21 days of parenteral
ganciclovir, following which an additional 9 to 10 weeks of
oral therapy is administered to prevent recurrent disease,
which occurs in 10–25% of patients. Foscarnet is rarely used
because of its nephrotoxicity.



DIAGNOSIS  AND TREATMENT OF INFECTION 7 5

Parasitic Infections

Entamoeba histolytica, Echinococcus multilocularis, and E.
granulosis can cause hepatic abscesses.56 Generally such ab-
scesses are large and can become secondarily infected with
bacterial pathogens. The diagnosis of infection caused by
these pathogens should be established by examination of the
stool, serological studies, and abdominal computerized to-
mography for amoebic disease, while only the latter two ap-
proaches are helpful in identifying echinococcal infection as
humans are not definitive hosts. Treatment of amoebic ab-
scesses consists of antiparasitic drugs such as metronidazole
or tinidazole, although a number of alternative agents are
available. Percutaneous drainage is not undertaken unless
rupture seems imminent or there is no response to therapy
within 72 h.

Echinococcal liver disease generally requires cyst excision
via pericystecaomy and placement of omentum within the
liver defect; hepatectomy is associated with higher rates of
morbidity and mortality.57 Initial sterilization of the cyst(s)
can occur either preoperatively or intraoperatively using a
scolicidal agent such as 3N saline or formalin, and antipara-
sitic agent therapy should be administered thereafter. Care
must be taken to avoid cyst rupture and spillage, which can
lead to widespread intraabdominal dissemination of daughter
cysts containing viable scolices that are capable of peritoneal
implantation and growth.

Occasionally, surgeons encounter biliary tract disease
caused by the liver fluke Chlonorchis senesis or patients who
develop acute abdominal pain from visceral larval migrans or
bowel obstruction caused by helminths. Operative interven-
tion invariably is required under these circumstances to treat
the underlying disease in addition to therapy with antipara-
sitic agents. Toxoplasma gondii can cause necrotizing en-
cephalitis, myocarditis, pneumonitis, and death in immuno-
suppressed patients, and a higher incidence of infection occurs
among cardiac transplant patients. Treatment consists of ad-
ministration of pyrimethamine and sulfadiazine.
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Wound Biology

The overlapping segments of the repair process are concep-
tually defined as inflammation, proliferation, and remodel-
ing. During the inflammatory phase, hemostasis occurs and
an acute inflammatory infiltrate ensues. The proliferative
phase is characterized by fibroplasia, granulation, contraction,
and epithelialization. The final phase is remodeling, which is
commonly described as scar maturation (Fig. 7.1).

Inflammation

Inflammation is the first stage of wound healing. After tissue
injury, the lacerated vessels immediately constrict and throm-
boplastic tissue products, predominantly from the subendo-
thelium, are exposed. Platelets aggregate and form the initial
hemostatic plug. The coagulation and complement cascades
are initiated. The intrinsic and extrinsic coagulation path-
ways lead to activation of prothrombin to thrombin, which
converts fibrinogen to fibrin, which is subsequently poly-
merized into a stable clot.

As thrombus is formed, hemostasis in the wound is
achieved (Fig. 7.2). The aggregated platelets degranulate, re-
leasing potent chemoattractants for inflammatory cells, acti-
vation factors for local fibroblasts and endothelial cells, 
and vasoconstrictors (Table 7.1). Platelet adhesiveness is 
mediated by integrin receptors such as GPIIb/IIIa (�IIb�3 
integrin).1–3

Within minutes, the repair processes are initiated. After
the transient vasoconstriction induced by platelet factors, lo-
cal small vessels dilate secondary to the effects of the coag-
ulation and complement cascades. Bradykinin is a potent va-
sodilator and vascular permeability factor that is generated
by activation of Hageman factor in the coagulation cascade.2

The complement cascade generates the C3a and C5a ana-
phylatoxins, which directly increase blood vessel permeabil-
ity and attract neutrophils and monocytes to the wound.
These complement components also stimulate the release of

histamine and leukotrienes C4 and D4 from mast cells. The
local endothelial cells then break cell-to-cell contact, which
enhances the margination of inflammatory cells into the
wound site.2

An efflux of white blood cells (first neutrophils, later
monocytes) and plasma proteins enter the wound site (Fig.
7.3). The early neutrophil infiltrate scavenges cellular de-
bris, foreign bodies, and bacteria. Activated complement frag-
ments aid in bacterial killing through opsonization. The pri-
mary role of the neutrophil is to sterilize the wound. Ac-
cordingly, the initial neutrophil infiltrate is decreased in clean
surgical wounds when compared to contaminated or infected
wounds.

Within 2 to 3 days, the inflammatory cell population be-
gins to shift to one of monocyte predominance (Fig. 7.4). Cir-
culating monocytes are attracted and infiltrate the wound
site.3,4 These elicited monocytes differentiate into macro-
phages, and in conjunction with resident macrophages, or-
chestrate the repair process. Macrophages not only continue
to phagocytose tissue and bacterial debris, but also secrete
multiple growth factors. These peptide growth factors acti-
vate and attract local endothelial cells, fibroblasts, and ker-
atinocytes to begin their respective repair functions. More
than 20 different cytokines and growth factors are known to
be secreted by macrophages, the primary cells responsible for
regulating repair. (Table 7.2).5,6 Depletion of monocytes and
macrophages causes a severe alteration in wound healing with
poor debridement, delayed fibroblast proliferation, and inad-
equate angiogenesis.7

Proliferation

FIBROPLASIA

The proliferative phase begins with the deposition of the fib-
rin and fibrinogen matrix and the activation and turnover of
local fibroblasts (fibroplasia). The initial fibrin–fibrinogen ma-
trix is populated with platelets and macrophages. These
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macrophages and the local extracellular matrix (ECM) release
growth factors that initiate fibroblast activation. Fibroblasts
migrate into the wound using the newly deposited fibrin and
fibronectin matrix as a scaffold. Local fibroblasts become ac-
tivated and increase protein synthesis in preparation for cell
division. As fibroblasts proliferate, they become the promi-
nent cell type by 3 to 5 days in clean, noninfected wounds
(Fig. 7.5). After cell division and proliferation, fibroblasts be-
gin synthesis and secretion of extracellular matrix products. 

Integrins are transmembrane proteins with extracellular,
membrane, and intracellular domains. They are heterodimeric
and composed of alpha and beta subunits that interact to form
the active protein receptor. Ligands include growth factors,
ECM structural components such as collagen, elastin, and
other cells. After ligands bind, a structural change occurs in
the cytoplasmic domain of the integrin receptor and phos-
phorylation occurs. Signal transduction ultimately results in
transcription factor synthesis and new gene expression re-
sulting in new cellular function.

The initial wound matrix is provisional and is composed
of fibrin and the glycosaminoglycan (GAG), hyaluronic acid.4

Because of its large water of hydration, hyaluronic acid pro-
vides a matrix that enhances cell migration. As fibroblasts
enter and populate the wound, they utilize hyaluronidase to

digest the provisional hyaluronic acid–rich matrix, and larger,
sulfated GAGs are subsequently deposited. Concomitantly,
collagens are deposited by fibroblasts onto the fibronectin and
GAG scaffold in a disorganized array.

Collagen types I and III are the major fibrillar collagens
comprising the extracellular matrix and are the major struc-
tural proteins both in unwounded and wounded skin. There
are now at least 19 different types of collagens described, each
of which shares the right-handed triple helix as the basic
structural unit.8–12 Most collagen types are synthesized by fi-
broblasts; however, it is now known that some types are syn-
thesized by epidermal cells.13

GRANULATION

Granulation tissue is present in wounds healing by secondary
intention. This tissue is clinically characterized by its beefy-
red appearance (i.e., “proud flesh”), which is a consequence
of the rich bed of new capillary networks (neoangiogenesis)
that have formed from endothelial cell division and migra-
tion. The directed growth of vascular endothelial cells is stim-
ulated by platelet and activated macrophage and fibroblast
products. One example is vascular endothelial growth factor,
which is secreted by macrophages and acts to induce migra-
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tion and proliferation of endothelial cells. Granulation tissue
is a dense population of blood vessels, macrophages, and fi-
broblasts embedded within a loose provisional matrix of fi-
bronectin, hyaluronic acid, and collagen.

The presence of granulation tissue is used as a clinical in-
dicator that the wound is ready for skin graft treatment.
Wounds that benefit from skin grafts are of sufficient size
such that the healing time would be decreased. The high de-

gree of vascularity enables granulation tissue to readily ac-
cept and support skin grafts.

CONTRACTION

Open wounds are characterized by contraction, a phenome-
non not present in closed surgical incisions. Open wounds
occur after trauma, burns, and when previously closed
wounds are secondarily opened because of infection. Con-
traction is the process in which the surrounding skin is
pulled circumferentially toward the wound. Wound contrac-
tion decreases the size of the wound dramatically without
new tissue formation. This repair component allows the
wound to close, and thus heal much more rapidly than by
epithelialization alone. In addition, the area of insensate scar
is smaller.

The amount of contraction is related to the size of the
wound and mobility of the skin. In humans, contraction is
greatest in the trunk and perineum, least on the extremities,
and intermediate on the head and neck. Up to 80% of wound
closure can be caused by contraction in the trunk and per-
ineum. These regional differences are thought to result from
the relative differences in skin laxity in those areas.

Clinically, wound contraction can lead to contracture,
which distorts tissue and leads to decreased function. For ex-
ample, wound contraction across a joint can lead to a con-
tracture in that joint. The range of motion, and thus func-
tion, of the joint is diminished. Contractures can develop in
the extremities, eyelids, neck, spine, and fingers.

EPITHELIALIZATION

Within hours after injury, morphological changes in ker-
atinocytes at the wound margin are evident. In skin wounds,
the epidermis thickens, and marginal basal cells enlarge and
migrate over the wound defect (see Fig. 7.5). Once these ep-
ithelial cells begin migrating, they do not divide until 
epidermal continuity is restored. New epithelial cells for
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TABLE 7.1.   Platelets Contain Both Alpha and Dense Granules,
Which Are Released at the Wound Site.

Substance Biological effect

Alpha granules
Platelet-derived growth factor Matrix deposition
Transforming growth factor-� Matrix deposition
Transforming growth factor-� Epithelialization
Insulin-like growth Matrix deposition

factor-binding protein-3
Platelet factor-4 Activation of growth factors
�-Thromboglobulin Activation of growth factors

Dense granules
Adenosine diphosphate Platelet aggregation
Calcium Platelet aggregation
Serotonin Vasoconstriction

Cytosol
von Willebrand factor VIII Mediator of platelet adhesion
Fibronectin Ligand for platelet aggregation
Fibrinogen Ligand for platelet aggregation
Thrombospondin Ligand for platelet aggregation
Factor V Hemostasis
Platelet-activating factor Platelet activation
Thromboxane-A2 Vasoconstriction
12-Hydroxyeicosatetranoic Vasoconstriction

acid (12-HETE)

In addition, multiple activators and mediators of the hemostatic cascades are
present on the platelet surface membrane (see Chapter 49). The substances re-
leased have myriad effects on the repair process. Vascular endothelial growth
factor has recently been found to be present within platelets but its exact in-
tracellular location is unknown.26

Source: Data were compiled from several sources (reviewed in References 1,
2, 3).

Keratinocytes

Fibroblast

Neutrophil

FIGURE 7.3.  Within 24 hours, a neutrophil efflux into the wound
occurs. The neutrophils scavenge debris, bacteria, and secrete cy-
tokines for monocyte and lymphocyte attraction and activation. Ker-
atinocytes begin migration when a provisional matrix is present.

Scab

Fibroblast

Neutrophil

Macrophage

FIGURE 7.4.  At 2 to 3 days after injury, the macrophage becomes
the predominant inflammatory cell type in clean, noninfected
wounds. These cells then regulate the repair process by secretion of
a myriad of growth factors, including types that induce fibroblast and
endothelial cell migration and proliferation.



wound closure are provided by fixed basal cells in a zone
near the edge of the wound.14 Their daughter cells flatten
and migrate over the wound matrix as a sheet (epiboly). Cell
adhesion glycoproteins, such as tenascin and fibronectin,
provide the “railroad tracks” to facilitate epithelial cell mi-
gration over the wound matrix. Following the reestablish-
ment of the epithelial layer, keratinocytes and fibroblasts
secrete laminin and type IV collagen to form the basement
membrane.13 The keratinocytes then become columnar and

divide as the layering of the epidermis is established, thus
reforming a barrier to further contamination and moisture
loss.

Interestingly, keratinocytes can respond to foreign-body
stimulation with migration as well. Sutures in skin wounds
provide tracts along which these cells can migrate. Subse-
quent epithelial thickening and keratinization produce fi-
brotic reactions, cysts, or sterile abscesses centered on the su-
ture. These are treated by removal of the inciting suture and
epithelial cell sinus tract or cyst.

Remodeling Phase

The ECM is the scaffold that supports cells in both the un-
wounded and wounded states. The ECM is dynamic and dur-
ing repair is constantly undergoing remodeling. The regula-
tion of the remodeling is poorly understood, but simplistically
can be conceptualized as the balance between synthesis, de-
position, and degradation. Lysyl oxidase is the major inter-
molecular collagen cross-linking enzyme.15 Collagen cross-
linking improves wound tensile strength. Collagenases,
gelatinases, and stromelysins are matrix metalloproteinases
(MMPs) that degrade ECM components.The balance of colla-
gen deposition and degradation is in part determined by the
regulation of MMP activity. Proteins called tissue inhibitor
of matrix metalloproteinases (TIMPs) specifically inactivate
the MMPs.16 Current investigation is examining the regula-
tion of MMP–TIMP balance during wound ECM remodel-
ing.17,18

Ultimately, the outcome of mammalian wound healing
is scar formation (Fig. 7.6). Scar is defined morphologically as
the lack of tissue organization compared to surrounding nor-
mal tissue architecture and is characterized by disorganized
collagen deposition. New collagen fibers secreted by fibro-
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TABLE 7.2.   A Partial List of Growth Factors Present at the Wound Site.

Growth factor Cellular source Target cells Biological activity

TGF-�1, TGF-�2 Macrophages, platelets, fibroblasts, Inflammatory cells, keratinocytes, Chemotaxis, proliferation, matrix
keratinocytes fibroblasts production (fibrosis)

TGF-�3 Macrophages Fibroblasts Anti-scarring?
TGF-� Macrophages, platelets, keratinocytes Keratinocytes, fibroblasts, Proliferation

endothelial cells
TNF-� Neutrophils Macrophages, keratinocytes, Activation of growth factor

fibroblasts expression
PDGF Macrophage, platelets, fibroblasts, Neutrophils, macrophages, Chemotaxis, proliferation, matrix

endothelial cells, vascular smooth fibroblasts, endothelial cells, production
muscle cells vascular smooth muscle cells

FGF-1, FGF-2, Macrophage, fibroblasts, endothelial Keratinocytes, fibroblasts, Angiogenesis, proliferation,
FGF-4 cells endothelial cells, chondrocytes chemotaxis
FGF-7 (KGF) Fibroblasts Keratinocytes Proliferation, chemotaxis
EGF Platelets, macrophages, keratinocytes Keratinocytes, fibroblasts, Proliferation, chemotaxis

endothelial cells
IGF-1/Sm-C Fibroblasts, macrophages, serum Fibroblasts, endothelial cells Proliferation, collagen synthesis
IL-1� and IL-1� Macrophages, neutrophils Macrophages, fibroblasts, Proliferation, collagenase synthesis,

keratinocytes chemotaxis
CTGF Fibroblasts, endothelial cells Fibroblasts Downstream of TGF-�1

VEGF Macrophages, keratinocytes Endothelial cells Angiogenesis

Redundant biological effects through both autocrine and paracrine mechanisms are apparent.

TGF-�, transforming growth factor-beta; TGF-�, transforming growth factor-alpha; TNF-�, tumor necrosis factor-alpha; PDGF, platelet-derived growth factor;
FGF, fibroblast growth factor; KGF, keratinocyte growth factor; EGF, epidermal growth factor; IGF-1, insulin-like growth factor-1; Sm-C, somatostatin-C; IL-1,
interleukin-1; CTGF, connective tissue growth factor; VEGF, vascular endothelial cell growth factor.

Scab

Keratinocyte
migration

Fibroblast

Neutrophil

Macrophage

FIGURE 7.5.  Fibroblasts are activated and present at the wound by
3 to 5 days after injury. These cells secrete matrix components and
growth factors that continue to stimulate healing. Keratinocyte mi-
gration (epiboly) begins over the new matrix. Migration starts from
the wound edges as well as from epidermal cell nests at sweat glands
and hair follicles in the center of the wound.



blasts are present as early as 3 days after wounding. As the
collagenous matrix forms, densely packed fibers fill the
wound site. The ultimate pattern of collagen in scar is one of
densely packed fibers and not the reticular pattern found in
unwounded dermis.

During remodeling, wounds gradually become stronger
with time. Wound tensile strength increases rapidly from 1
to 8 weeks post wounding. Thereafter, tensile strength in-
creases at a slower pace and has been documented to increase
up to 1 year after wounding in animal studies (Fig. 7.7). How-
ever, the tensile strength of wounded skin at best only
reaches approximately 80% that of unwounded skin.19 The
final result of tissue repair is scar, which is brittle, less elas-
tic than normal skin, and does not contain any skin ap-
pendages such as hair follicles or sweat glands. The major

benefit of repair by scar is the relatively rapid reformation of
tissue integrity.

Regulation of Wound Repair

GROWTH FACTORS

Growth factors play a prominent role in the regulation of
chemotaxis and wound healing. These polypeptides are re-
leased by a variety of activated cells at the wound site (see
Table 7.2). They act in either paracrine or autocrine fashion
to stimulate or inhibit protein synthesis by cells in the
wound, and many have overlapping functions.

PLATELET-DERIVED GROWTH FACTOR

Platelet-derived growth factor (PDGF) is released from platelet
alpha-granules immediately after injury. PDGF attracts neu-
trophils, macrophages, and fibroblasts to the wound and
serves as a powerful mitogen. Macrophages, endothelial cells,
and fibroblasts also synthesize and secrete PDGF. Platelet-
derived growth factor stimulates fibroblasts to synthesize 
new extracellular matrix, predominantly noncollagenous
components such as GAGs and adhesion proteins. PDGF also
increases the amount of fibroblast-secreted collagenase, indi-
cating a role for this cytokine in tissue remodeling.20,21

TRANSFORMING GROWTH FACTOR–BETA

Transforming growth factor–beta (TGF–�) directly stimulates
collagen synthesis and decreases extracellular matrix degra-
dation by fibroblasts.22,23 It is released from platelets and
macrophages at the wound. In addition, TGF-� is released
from fibroblasts and keratinocytes. TGF-� acts in an autocrine
fashion to further stimulate its own synthesis and secretion.
TGF-� also chemoattracts fibroblasts and macrophages to the
wound.

TGF-� is a profibrotic growth factor which accelerates
wound repair at the expense of increased fibrosis. It has been
implicated in pathological fibrosis in multiple different organ
systems and is thought to be a factor in the formation of in-
testinal adhesions. TGF-� stimulates ECM synthesis and ac-
cumulation, increases integrin expression, and therefore en-
hances cell–matrix interactions.
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Dermal scar
(collagen)

FIGURE 7.6.  Scar formation is the outcome of healing in postnatal
skin. Scar is composed of densely packed, disorganized collagen fiber
bundles. Remodeling occurs up to 1 to 2 years after injury and con-
sists of further collagen cross-linking and regression of capillaries,
which account for the softening of scar and its color change from red
to white.
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FIBROBLAST GROWTH FACTORS

Angiogenesis is stimulated by acidic and basic fibroblast
growth factors (FGF-1 [or aFGF] and FGF-2 [or bFGF], respec-
tively).24 Endothelial cells, fibroblasts, and macrophages pro-
duce FGF-1 and FGF-2. The FGFs stimulate endothelial cells
to divide and form new capillaries. They also chemoattract
endothelial cells and fibroblasts.

VASCULAR ENDOTHELIAL GROWTH FACTOR

Vascular endothelial growth factor is also a potent angiogenic
stimulus.25,26 It acts in a paracrine manner to stimulate pro-
liferation by endothelial cells after release from platelets,
macrophages, fibroblasts, and keratinocytes.27–29 Its expres-
sion is also increased in hypoxic conditions, such as those
found at the wound site.28

OTHER GROWTH FACTORS

Epithelialization is directly stimulated by at least three growth
factors: epidermal growth factor (EGF) and keratinocyte
growth factors/–1 and –2 (KGF–1 and KGF–2).24,30 EGF is re-
leased by keratinocytes to act in an autocrine fashion, whereas
KGF is released by fibroblasts to act in a paracrine fashion to
stimulate keratinocyte division and differentiation.

Multiple other growth factors affect wound repair. For ex-
ample, insulin-like growth factor–I (IGF-I) stimulates collagen
synthesis by fibroblasts, and IGF–I functions synergistically
with PDGF and bFGF to facilitate fibroblast proliferation.31

Interferon-gamma has been shown to downregulate collagen
synthesis. The various interleukins mediate inflammatory
cell functions at the wound site (see Chapter 4).32

THE EXTRACELLULAR MATRIX

The ECM is a depository of growth factors in latent forms
under normal, unwounded conditions. With injury and ma-
trix destruction, the previously bound and inactive growth
factors are released in active form and thereby assist in initi-
ating and regulating the repair process.

Scarless Repair: The Fetal Paradigm

Unlike the adult, the early-gestation fetus can heal skin
wounds with regenerative-type repair and not with scar for-
mation.33,34 The epidermis and dermis are restored to a nor-
mal architecture in which the collagen matrix pattern is retic-
ular and unchanged from unwounded dermis. The wound hair
follicle and sweat gland patterns are normal.

Interestingly, inflammation plays a prominent role in
postnatal repair, but it is not present in significant amounts
in fetal skin wounds. An understanding of the biology of scar-
less fetal wound repair will help surgeons develop therapeu-
tic strategies to minimize scar and fibrosis.

Wound Pathology

Nonhealing Wounds

Chronic or nonhealing wounds are open wounds that fail to
epithelialize and close in a reasonable amount of time. These
wounds are clinically stagnant and without evidence of fur-

ther closure. There are likely many reasons why these wounds
do not heal, but no broad, unifying theory exists. Simply put,
chronic wounds may be thought of as lacking appropriate
“start” signals. These wounds can be broadly categorized into
three groups: pressure sores, lower extremity ulcers, and ra-
diation skin injury.

PRESSURE SORES

Pressure sores develop over a bony prominence, usually in
the immobile patient. These are frequently called “decubitus
ulcers” or “bed sores.” The sacrum, ischium, and greater
trochanter are the most common locations affected.35

Pressure necrosis is a function of the amount of pressure
on the tissue and duration of pressure. Microcirculation is
compromised when the tissue pressure is greater than 25 to
30 mmHg, which blocks capillary perfusion pressure.36

Necrosis can occur with as little as 2 h of sustained pressures
at this level.36 Skin is more resistant to pressure necrosis than
the underlying fat and muscle, which explains the common
finding of a small area of skin ulceration overlying a large
area of subcutaneous fat and muscle necrosis.

To begin treatment of these patients, efforts should be
made to control the factors leading to increased pressure. Par-
alyzed patients require periodic rotation and air mattress or
other types of low-pressure beds. In addition, behavior and
contractures may need to be addressed. Tight-fitting casts
should be removed and replaced by those with no excess pres-
sure. Other contributing factors should be identified and con-
trolled, such as malnutrition, infection, and diabetes control.
Necrotic tissue requires debridement.

With avoidance of pressure over the involved area, most
pressure sores heal. However, they heal with scar formation,
which is less resistant to trauma than intact skin. Thus, 
a higher incidence of recurrence exists after spontaneous 
closure of these wounds than if they are closed surgically 
with flaps of normal skin and muscle over the bony 
prominence.37,38

LOWER-EXTREMITY ULCERS

Leg ulcers generally arise from either one of two different 
vascular diseases: arterial or venous insufficiency. Most
(80%–90%) result from venous valvular disease (venous in-
sufficiency).35,39,40 Increased venous pressure in the depen-
dent lower extremity leads to localized edema and tissue
necrosis. Tissue edema is thought to be a major inhibitor of
repair at the ulcer site, but the exact mechanism is not
known. Oxygen delivery and diffusion are likely impaired.
Postcapillary obstruction leads to an increased perfusion pres-
sure and hypoxia. Protein and red blood cell extravasation oc-
curs, which further limits diffusion and oxygen delivery.

Arterial insufficiency to the lower extremity greatly im-
pairs healing. Minor trauma, resulting from scratches and abra-
sions that would otherwise heal quickly in a normal patient,
can progress into large wounds and ultimately necrotizing in-
fection that is not only limb- but also life-threatening. A reli-
able clinical sign of adequate arterial inflow is the simple pres-
ence of an arterial pulse. If a single palpable pulse is present in
the foot, then most wounds will heal. A nonhealing wound in
an ischemic extremity is generally regarded as an indication
for revascularization of that extremity.
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RADIATION INJURY

External beam radiation through skin to treat deep pathology
has both acute and chronic effects on skin. Acutely, a self-
limiting erythema may develop that spontaneously resolves.
Its late effect can be a more significant injury to fibroblasts,
keratinocytes, and endothelial cells. DNA damage to these
cells propagates over time and impairs the ability of these
cells to divide successfully. Ultimately, a skin ulcer may oc-
cur spontaneously, but usually it occurs after repeated mild
trauma such as abrasions.41 If a surgical incision needs to be
placed through an area of irradiated skin, then that incision
is not likely to heal. Currently the only treatment modalities
for these wounds are hyperbaric oxygen therapy or coverage
with vascularized tissue flaps.

Clinical Factors Affecting Repair

INFECTION

Wound infection is an imbalance between host resistance 
and bacterial growth.42 Bacterial infection impairs healing
through several mechanisms.43 At the wound site, acute and
chronic inflammatory infiltrates slow fibroblast proliferation
and thus slow ECM synthesis and deposition. Although the
exact mechanisms are not known, sepsis causes systemic ef-
fects that can impede the repair processes.

Open wounds invariably become colonized by bacteria.
The wound has no protective barrier to prevent bacterial ad-
herence in the exposed dermis or subcutaneous fat and mus-
cle. Colonization does not preclude healing. However, if bac-
terial infection occurs, then healing can be not only delayed
but also stopped.

A threshold number of bacteria in the wound appears to
be necessary to overcome host resistance and cause clinical
wound infection. Bacterial contamination results in clinical
infection and delays healing if more than 105 organisms per
gram of tissue are present in the wound.43,44 Skin grafts on
open wounds are likely to fail if quantitative culture shows
more than 105 organisms/g tissue, which provides further ev-
idence that bacterial load impacts repair.45 Similarly, well-
vascularized muscle flaps heal open wounds successfully if
bacterial loads are not greater than 105 organisms/g tissue.46

These studies demonstrate that high levels of bacteria inhibit
the normal healing processes.

Treatment of the closed, infected wound depends on
whether fluid or necrotic tissue is present. If no fluid is drain-
ing or loculated, then cellulitis can be successfully treated
with appropriate antibiotics. The wound should be opened,
sutures removed, irrigated, and debrided if pus or necrotic tis-
sue is present. Appropriate antibiotic administration follow-
ing wound cultures treats surrounding cellulitis. Signs of
wound infection include fever, tenderness, erythema, edema,
and drainage.

NUTRITION

Wound healing is an anabolic event that requires additional
caloric intake.47 However, the precise calorie requirements
for optimal wound healing have not been determined. Large
injuries such as burns greatly increase metabolic rate and nu-
tritional requirements.48 Severely malnourished and catabolic

patients clinically appear to have diminished healing; how-
ever, no studies have definitely proved this finding.49

Appropriate levels of vitamins C and A are necessary for
proper fibroplasia, collagen synthesis, and cross-linking and ep-
ithelialization processes. Animal studies show that vitamin A
also reverses the impaired healing that occurs with chronic
steroid treatment.50,51 While this is not proved conclusively in
human studies, most surgeons administer vitamin A postop-
eratively to their patients on steroid therapy. Vitamin A is fat
soluble and can be taken in toxic doses, so careful adminis-
tration is essential. The oral dose is 25,000 U/day.52

Vitamin B6 (pyridoxine) deficiency impairs collagen cross-
linking.53 Vitamin B1 (thiamine) and vitamin B2 (riboflavin)
deficiencies cause syndromes associated with poor wound re-
pair. Supplementation with these vitamins does not improve
healing unless a preexisting deficiency condition is present.

Trace metal deficiencies such as zinc and copper have
been implicated with poor wound repair because these diva-
lent cations are cofactors in many important enzymatic 
reactions.52 Zinc deficiency is associated with poor epithe-
lialization and chronic, nonhealing wounds. Trace metal de-
ficiency is now extremely rare in both enterally and par-
enterally fed patients.

Vitamin and mineral excess administration can be detri-
mental and cause toxicity, especially the fat-soluble vitamins.
Adequate amounts are present in today’s enteral feeding so-
lutions and as supplemental additives to parenteral solutions.
Supplemental administration is only necessary in deficiency
states and certain unique clinical situations as described 
earlier.

OXYGEN AND PERFUSION

Wounds require adequate oxygen delivery to heal. Ischemic
wounds heal poorly and have a much greater risk of infec-
tion.54,55 Wound ischemia occurs secondary to a variety of fac-
tors: occlusive vascular disease, vasoconstriction, and hypov-
olemia. Excessive suture tension during wound closure will
cause local wound ischemia and result in wound healing com-
plications. Conversely, increased oxygen delivery at the wound
improves wound healing.54–57 Experimentally, collagen syn-
thesis by fibroblasts is increased with supplemental oxygen.58,59

Anemia in the normovolemic patient is not detrimental
to wound repair so long as the hematocrit is greater than 15%,
because oxygen content in blood does not affect wound col-
lagen synthesis.58

DIABETES MELLITUS AND OBESITY

Wound healing is impaired in diabetic patients by unknown
mechanisms, although recent studies have implicated a lack
of KGF and PDGF function in the wound.60,61 Many of these
patients have microvascular occlusive disease that may cause
ischemia and impaired repair. Healing is enhanced if glucose
levels are well controlled.62 Obesity interferes with repair in-
dependently of diabetes.63

CORTICOSTEROIDS

Both topically applied and pharmacological steroid use im-
pairs healing, especially when given in the first 3 days after
wounding.64,65 Steroids reduce wound inflammation, colla-
gen synthesis, and contraction.52 The exact mechanisms un-
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derlying how steroids impair healing are not fully understood.
Because steroids decrease inflammation, they may decrease
host bacterial resistance and thus increase wound infection
complications. The entire repair process is slowed and risk of
dehiscence and infection is increased. As stated previously,
vitamin A administration can reverse this effect.50,51

RADIATION THERAPY

Both radiation and chemotherapeutic agents have their great-
est effects on dividing cells. The division of endothelial cells,
fibroblasts, and keratinocytes is impaired in irradiated tissue,
which retards wound healing.

CHEMOTHERAPY

During the proliferative phase of repair, numerous cell types
are active at the wound site. Antiproliferative chemothera-
peutic agents act to slow this process and thus retard heal-
ing.66 Following oncological surgical procedures, in most in-
stitutions chemotherapeutic agents are not administered
until at least 5 to 7 days postoperatively to prevent impair-
ment of the initial healing events.

Excessive Healing

Normal wounds have stop signals that halt the repair process
when the dermal defect is closed and epithelialization is com-
plete. When these signals are absent or ineffective, then the
repair process may continue and result in a condition of ex-
cessive scar. The underlying regulatory mechanisms leading
to excessive repair are not yet known.

To minimize visible scar on skin, elective incisions are
least noticeable when placed parallel to the natural lines of
skin tension (Langer’s lines). This placement location has two
advantages: the scar is parallel or within a natural skin crease,
which camouflages the scar, and this location places the least
amount of tension on the wound. Wound tension prevents thin
scar formation. Sharply defined and aligned wound edges ap-
proximated without tension heal with the least amount of scar.
Infection or separation of the wound edges with subsequent
secondary intention repair also results in more scar formation.

HYPERTROPHIC SCAR

Hypertrophic scars and keloids are distinguished based on
their clinical characteristics. Hypertrophic scars are defined
as scars that have not overgrown the original wound bound-
aries, but are instead raised. They usually form secondary to
excessive tensile forces across the wound and are most com-
mon in wounds across flexion surfaces, the extremities,
breasts, sternum, and neck. Physical therapy with range-of-
motion exercises is helpful in minimizing hypertrophic scar
as well as joint contracture in the extremities.

Hypertrophic scar is a self-limited type of overhealing af-
ter tissue injury, and usually regresses with time. These scars
generally fade in color as well as flatten to the surrounding
skin level. There has never been a clear histological differ-
ence between hypertrophic scar and keloid. In general, both
keloid and hypertrophic scar fibroblasts have an upregulation
of collagen synthesis, deposition, and accumulation.67

Treatment options for hypertrophic scars include the ap-
plication of pressure garments or topical silicone sheets, laser

therapy, and reexcision with primary closure.68–70 The latter
option is most useful in cases of excess scar caused by infec-
tion or dehiscence. If the original wound was closed follow-
ing the basic tenets described above, then reexcision with 
primary closure is not likely to result in an improved scar
compared to the initial procedure. Recurrence of hypertrophic
scar is quite high in these circumstances, and therefore most
surgeons do not treat hypertrophic scar with excision and pri-
mary closure unless they plan adjuvant therapy.

KELOID

Scars that overgrow the original wound edges are called
keloids. This clinical characteristic distinguishes keloid from
hypertrophic scar. True keloid scar is not common and occurs
mainly in darkly pigmented individuals with an incidence of
6% to 16% in African populations.71 It has a genetic predis-
position with autosomal dominant features. The keloid scar
continues to enlarge past the original wound boundaries and
behaves like a benign skin tumor with continued slow growth. 

Keloids consist mainly of collagen. They are relatively
acellular in their central portions with fibroblasts present
along their enlarging borders. They do not contain a signifi-
cant excess number of fibroblasts. Collagen scar deposition
outpaces degradation, and the lesion continues to enlarge. 

No uniformly successful treatment of keloid scar exists.
Excision and primary closure invariably result in recurrence.
Steroid injection directly into the keloid has the most bene-
fit early in the course.72

Patients presenting with mature lesions of months to
years duration that are slowly changing respond poorly to
steroid injection. The only viable treatment options for ma-
ture keloids are to monitor and do nothing or to excise and
administer adjuvant therapy.

Clinical Management of Wounds

Primary Intention

Primary intention healing occurs in closed wounds, which
are wounds with the edges approximated. These wounds are
usually closed in layers along tissue planes. Deep sutures are
placed in collagen-rich layers such as fascia and dermis. These
layers are strong and can hold sutures with a high degree of
tension. Fatty tissue layers, such as subcutaneous fat, do not
have significant collagen and cannot hold sutures under ten-
sion. For this reason, most surgeons do not close the subcu-
taneous fat layer, even in the morbidly obese patient.

To decrease scar formation and risk of infection, meticu-
lous hemostasis should be performed. This step limits the
amount of hematoma to be cleared, and thus decreases the
inflammatory phase and likely decreases scar. Because he-
matoma is a culture media for bacteria, decreased bleeding
also decreases the risk of infection. By limiting inflammation
with sterile technique and tight hemostatic control, repair by
activated fibroblasts can begin earlier and thus shorten the
healing period.

Smaller surgical scars are achieved with no skin edge
trauma and less resultant inflammation. Forceps crush-injury
of the epidermis and dermis should be avoided by using fine
forceps and skin hooks to retract and assist in dermal closure;
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this decreases the amount of necrotic tissue at the wound
edge and thereby reduces inflammation.

Uncomplicated wounds healing with primary intention
epithelialize within 24 to 48 h. At this point, water barrier
function has been restored and patients can be allowed to
shower or wash. This stage has a psychological benefit dur-
ing the postoperative recovery period. In addition, gentle
cleansing removes old serum and blood, which reduces po-
tential bacterial accumulation and infection risk.

Secondary Intention

Open wounds heal with the same basic processes of inflam-
mation, proliferation, and remodeling as do closed wounds.
The major difference is that each sequence is much longer,
especially the proliferative phase. There is also much more
granulation tissue formation and contraction. This type of
healing process is referred to as secondary intention.

Open wound edges are not approximated but are instead
separated, which necessitates epithelial cell migration across
a longer distance. Before epiboly can occur, a provisional ma-
trix must be present. Granulation tissue must form. There

are variable amounts of bacteria, tissue debris, and inflam-
mation present depending on wound location and etiology.
Infection, with high protein exudative losses and acute and
chronic inflammation, can disregulate repair and transform
the healing wound into a clinically nonhealing wound.

During the proliferative phase of an uncomplicated course
of secondary intention healing, a bed of granulation tissue is
present. If no infection is present and the area is of sufficient
size that healing will not be complete for at least 2 to 3 weeks,
then placement of a partial or full-thickness skin graft should
be considered. Grafts readily adhere to granulation tissue and
will quickly speed the repair process. Partial thickness skin
graft donor sites can heal in as little as 2 weeks, depending
on graft thickness.

Topical Wound Treatment

LOCAL CARE

CLOSED WOUNDS

Closed wounds healing by primary intention require much
less care than open wounds. Closed wounds should be kept
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TABLE 7.3.   Classes of Wound Dressings and Skin Replacements Currently Available.

Class Composition Characteristics/function Commercial examples

Gauze Woven cotton fibers Permeable with desiccation; debridement; Curity®
painful removal

Calcium-alginates Seaweed polymer that forms a Absorbs exudate; nonadherent; nonirritating; Algisorb,® Sorbsan®
gel when absorbs fluid requires a cover dressing (permeable)

Impregnated gauzes Fine mesh fabric (silicone, Nonadherent; semipermeable Biobrane II®
nylon) with dermal porcine
collagens

Films Plastic (polyurethane); Allows water vapor permeation; adhesive Opsite,® Tegaderm®
semipermeable

Foams Hydrophilic (wound side) and Necrotic/exudative wounds Lyofoam,® Allevyn®
hydrophobic (outer side);
semipermeable

Hydrogels Water (96%) and polymer Aqueous environment; requires secondary Vigilon,® Aquasorb®
(polyethyleneoxide) dressing; no adherence; not recommended 

if infection is present; semipermeable
Hydrocolloids Hydrophilic colloidal particles Absorbs fluid; necrotic tissue autolysis; little Duoderm,® Intrasite®

and adhesive adherence; occlusive
Absorptive powders Starch copolymers, hydrocolloidal Absorbs exudate; used as a filler; good for deep Geliperm,® Duoderm
and pastes particles wounds granules®
Silicone Silicone sheets Sheet induces a localized electromagnetic field; Sil-K®

decreases scar formation?
Mechanical vacuum Vacuum, sponge, plastic film Sponge conforms to wound and vacuum VAC® device

removes edema fluid; stimulation of repair?
Dermal matrix Acellular matrix Permeable; increased stimulation of repair? Alloderm® (human,
replacements dermis), SIS® (porcine,

small bowel submucosa),
Integra® (bovine collagen,
GAG, and silicone
epidermal-type layer)

Dermal living Absorbable matrix populated Permeable; increased stimulation of repair? Dermagraft®
replacements with fibroblasts
Skin living Bovine collagen matrix Impermeable; increased stimulation of repair? Apligraf® (FDA approved
replacement populated with human 6/98)

fibroblasts with an outer layer
of human keratinocytes

A multitude of brands within each class are available, and only a few examples are listed. Recently, skin replacements have become available. Although ex-
pensive, they have great potential clinical usefulness. No particular brands are recommended in any class.

Source: Data partially taken from Feedar JA. Clinical management of chronic wounds. In: McCulloch JM, Kloth LC, Feedar JA, eds. Wound Healing Alternatives
in Management. Philadelphia: Davis, 1995:137–185.



sterile for 24 to 48 h until epithelialization is complete. Ten-
sile strength is only 20% of normal skin at 3 weeks when
collagen cross-linking is becoming significant. At 6 weeks,
wounds are at 70% of the tensile strength of normal skin,
which is nearly the maximal tensile strength achieved by scar
(75%–80% of normal; see Fig. 12.10).19 Therefore, if ab-
sorbable suture is used to close deep structures that are un-
der significant tension, such as abdominal fascia, the suture
should retain significant tensile strength for at least 6 weeks
before absorption severely weakens the suture. In addition,
heavy activity should be limited for a minimum of 6 weeks
while healing of deep fascial structures occurs.

OPEN WOUNDS

Necrotic material should be removed from open wounds on
initial presentation and subsequently as it accumulates.
Necrotic tissue serves only as a culture source for bacteria
and does not aid healing. The only exception to immediate
debridement is a dry, chronic, arterial insufficiency eschar
without evidence of infection. These types of wounds may be
best treated by revascularization before debridement.

Open wounds heal optimally in a moist, sterile environ-
ment. By keeping the wound covered and moist without in-
fection, desiccation necrosis and healing delay are prevented.73

WOUND DRESSINGS

A plethora of wound dressings are available for all types of
wounds. No type has conclusively been shown to accelerate
healing more than the others. The optimal open wound dress-
ing maintains a moist, clean environment that prevents pres-
sure and mechanical trauma, reduces edema, stimulates re-
pair, and is inexpensive. Less frequent dressing changes and
prevention of skin irritation are also beneficial. At this time,
no ideal dressing exists (see Table 7.3).

ENGINEERED SKIN REPLACEMENTS

With the biotechnology revolution, several dermal and skin
replacements are now available through tissue engineering
technology (Table 7.3). These products have the additional
potential benefit of accelerating or augmenting repair by
means of their biocomponents.

Pharmacological Treatment

ANTIBIOTIC OINTMENTS

Antibiotic ointments are commonly used in burn wound care
as well as deep partial thickness injuries. They remain con-
troversial in the nonburn patient because the risk of devel-
oping an invasive infection by resistant bacteria may be too
high to justify their use. Open wounds are colonized by bac-
teria, and systemic antibiotics are only indicated if invasive
infection is present. Nonburn wounds without infection will
likely heal without topical antibiotic treatment so long as lo-
cal care is adequate.

In burn patients, silver sulfadiazine is commonly used (see
Chapter 20). It is inexpensive, has few side effects, and rarely
induces bacterial resistance. It can be useful in chronic wound
dressings as well. It is inexpensive and is well tolerated by
pediatric and geriatric patients alike.

COLLAGENASES

The collagenases are useful to treat wounds that require fine
debridement of necrotic tissue that is not amenable to surgi-
cal debridement, such as a thin layer of adherent exudate or
small amounts of necrotic tissue remaining after a bedside
wound debridement.

GROWTH FACTORS

Experimentally, exogenous application of several growth fac-
tors has been shown to accelerate normal healing as well as
improve healing rates and efficacy in impaired models of heal-
ing.24,74–83 The best-studied growth factors with the most
promise to improve healing are PDGF, TFG-�, and members
of the FGF family (see Table 12.2). Several obstacles must be
overcome before widespread use, including efficacious appli-
cation, vehicle development, and cost.
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Trauma: Priorities, 
Controversies, and 
Special Situations

Jeffrey Hammond

Trauma Management

Trauma remains the leading cause of death in all age cate-
gories from infancy to middle age (1–44 years) in the United
States.1 In 1984, trauma exceeded cancer and heart disease
combined as a measure of years of potential life lost (YPLL)
as determined by the Centers for Disease Control and Pre-
vention.2 By 1988, the estimated total annual cost of acci-
dental trauma, including lost wages, medical expenses, and
indirect losses, was estimated to be $180 billion in the United
States alone.3

Advanced Trauma Life Support (ATLS) courses acknowl-
edge the trimodal pattern of death after trauma. The first co-
hort, approximately 50% of trauma deaths, occurs in the 
immediate postinjury period, and represents death from over-
whelming injury such as spinal cord transection, aortic dis-
ruption, or massive intraabdominal injuries.4 Recognizing that
there is little sophisticated treatment systems can do to sal-
vage these patients, efforts should be directed at prevention.

In the second phase, deaths are usually caused by severe
traumatic brain injury or uncontrolled hemorrhage, occur
within hours of the injury, and represent perhaps one-third
of all trauma deaths. Preventable death studies report reduc-
tion in preventable death rates from 20% to 30% to 2% to
9% upon institution of trauma system and/or trauma center
development.5 The third peak occurs 1 day to 1 month post
injury and comprises approximately 10% to 20% of deaths.
It is most often caused by refractory increased intracranial
pressure subsequent to closed head injury or pulmonary com-
plications. With aggressive critical care, nonpulmonary sources
of sepsis, renal failure, and multiple organ failure as a cause
of death are declining.

Thus, a cornerstone of trauma care is the timely identifi-
cation and transport to a trauma center of those patients most
likely to benefit, that is, the principle of triage. Trauma triage
is founded upon the recognition that the nearest emergency
room may not be the most appropriate destination.6

Current triage schema tend to assess the potential for life-
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or limb-threatening injury utilizing physiological, anatomi-
cal, and mechanism of injury criteria. In general, physiologi-
cal criteria offer the greatest yield while anatomical criteria
are intermediate and mechanism is low yield.7 Highest yield
criteria include prolonged prehospital time, a pedestrian
struck at greater than 20 mph, the associated death of another
vehicular occupant, and the physiological criteria of systolic
blood pressure less than 90 mmHg, respiratory rate less than
10 or greater than 29 breaths per minute, or Glasgow Coma
Score less than 13.

The basic tenets of trauma resuscitation focus on ad-
dressing the management decisions and algorithms that pre-
sent in the second phase. To focus on this, the ATLS update
retains the mnemonic ABC. Efforts during the initial, pri-
mary, survey are directed at establishing a secure Airway, us-
ing techniques of rapid sequence intubation (Table 8.1) if nec-
essary, identifying that the patient has adequate Breathing by
ruling out or treating immediately life-threatening chest in-
juries (Table 8.2), and ensuring adequate Circulation by con-
trol of obvious hemorrhage. Expeditious hemorrhage control,
through operative and nonoperative means, has received in-
creased emphasis over volume normalization through fluid
administration and blood pressure maintenance in the new
iteration. These treatment principles hold true in both the
prehospital environment (EMS, emergency medical services)
and the trauma center setting.

The primary survey is brief, requiring no more than 1 to
2 min. A cornerstone of the primary survey concept is the
dictum to treat life-threatening injuries as they are identi-
fied.8 Management during the primary survey relies heavily
on knowledge of the expected patterns of injury based upon
the mechanism of transfer of kinetic energy.9 Laboratory tests
and diagnostic radiology are not emphasized at this point.

Extending the alphabetical mnemonic, evaluation of Dis-
ability directs the resuscitation team to assess neurological
function and assign a Glasgow Coma Score (GCS). The score
derives from assessment of the patient’s best motor, verbal,
and eye-opening responses (Table 8.3). The patient is always



assigned the most favorable score (e.g., if the patient is decor-
ticate on one side and decerebrate on the other, the higher mo-
tor score is assigned) so that the score is reported as a finite
number and not a range. Often, the trauma patient arrives in
the emergency department intubated or therapeutically para-
lyzed. In these cases, the preintubation GCS should be elicited
from the field personnel for use as the treatment baseline.

Implicit in this neurological assessment is the assumption
that a spine injury is present until proven otherwise, dictating
the need for vigilance in spine immobilization; this is espe-
cially true when concomitant head injury is present, and the
head-and-neck axis should be considered as a single unit.10 Ev-
idence of a significant intracranial edema or space-occupying
lesion, such as a GCS less than 8 or focal findings on cranial
nerve exam, dictate early diagnostic imaging and neurosurgi-
cal consultation. Exposure directs the examiner to remove all
clothing and log roll the patient to fully evaluate for injuries.

The secondary survey naturally follows the primary sur-
vey, and it is here that a more thorough head-to-toe examina-
tion is performed. Definitive hemorrhage control rather than
normalization of volume status is again emphasized as the tar-
get of shock management. Blood loss may be estimated through
assessment of blood pressure, heart rate, and skin color (Table
8.4). Invasive monitoring is not warranted. Hypovolemic hy-
potension requires �15% to 30% blood volume loss, but may
be a late sign in younger patients with good compensatory
mechanisms. Failure to correct hypotension or tachycardia af-
ter rapid infusion of 2 to 3 l of crystalloid solution suggests a
volume deficit of greater than 15% or ongoing losses. Blood

transfusion, using type O if type-specific blood is not available,
should be considered when blood loss exceeds 1 l or if more
than 3 l of crystalloid is needed to maintain blood pressure.

Prophylactic antibiotics should be started for penetrating
trauma or open fractures.11,12 The tetanus immunization sta-
tus of the patient must be ascertained. If the immunization
status is uncertain, or the patient has a tetanus-prone wound,
tetanus immunoglobulin should be administered with the
tetanus toxoid booster. Tetanus-prone wounds include those
more than 6 h old, crush injuries, burns and electrical injuries,
frostbite, high velocity missile injuries, devitalized tissue,
denervated or ischemic tissue, or direct contamination with
dirt or feces.13

Great care should be exercised during resuscitation efforts
to protect against transmission of blood-borne diseases to the
health care staff. Epidemiological studies have identified be-
tween 1% and 16% of trauma patients are infected with the
human immunodeficiency virus (HIV) at time of presenta-
tion.14,15 The incidence increases with the percentage of pen-
etrating trauma within the case mix. The prevalence and risk
of hepatitis B is even greater.

During the secondary survey, injuries are catalogued and
potentially life-threatening or disabling injuries are identified.
A treatment plan and priorities are set. A basic principle of
trauma resuscitation is the need for continual reevaluation and
reassessment. Some authors have published their experience
with regard to a tertiary survey, which can identify a missed
injury rate as high as 5% to 10%.16 Finally, the leader of the
resuscitation team must also be able to accurately assess his
or her facility’s ability to render definitive care and arrange for
transfer to a tertiary facility or trauma center if warranted.
Transfer to a higher level of care must be accomplished through
physician-to-physician communication in a timely fashion and
can be facilitated by preexisting transfer agreements.

Current Controversies

Not all trauma management decisions fit neatly into this par-
adigm, however. Within the Emergency Medical Services (EMS)
community, the debate over “scoop and run” versus “stay and
play” attempts at stabilization in the field continues.17
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TABLE 8.1.   Steps in Rapid Sequence Intubation.

1. Brief history and anatomical assessment
2. Prepare equipment and medications
3. Preoxygenate with 100% FiO2

4. Premedicate with adjunctive agents (atropine, lidocaine)
5. Defasciculating muscle relaxant step
6. Sedation followed by induction of unconsciousness
7. Cricoid pressure
8. Muscle relaxation
9. Selleck maneuver

10. Intubation
11. Verification of endotracheal tube placement by CO2 monitor
12. Secure ET tube; order chest x-ray; document

TABLE 8.2.   Life-Threatening Chest/Thoracic Injuries.

Immediately life threatening:
Airway occlusion
Tension pneumothorax
Sucking chest wound (open pneumothorax)
Massive hemothorax
Flail chest
Cardiac tamponade

Potential or late life threatening:
Aortic injury
Diaphragmatic tear
Tracheobronchial injuries
Pulmonary contusion
Esophageal injury
Blunt cardiac injury (“myocardial contusion”)

Source: Adapted from ATLS (Advanced Trauma Life Support) class.

TABLE 8.3.   Glasgow Coma Scale.

Component Score

Best eye opening
Spontaneously 4
To verbal command 3
To pain 2
No response 1

Best verbal response
Oriented and converses 5
Disoriented 4
Inappropriate words 3
Incomprehensible sounds 2
No response or sounds 1

Best motor response
Obeys commands 6
Localizes pain 5
Flexion-withdrawal 4
Decorticate flexion 3
Decerebrate extension 2
No motor response 1



Regarding fluid resuscitation in the hypotensive patient,
recent work by Mattox and colleagues in Houston supports
the radical approach of limiting crystalloid infusion, even in
the face of hypotension, in favor of a more rapid evacuation
to a location for definitive care.18 Conversely, Buchman and
colleagues demonstrated a significant decrease in resuscita-
tion times and increase in unexpected survival for the 5% of
patients presenting in class III/IV shock utilizing a rapid in-
fuser.19 More to the point, Feero et al. identified that sur-
vival correlated with reduced scene time (defined as 10 min)
for hypotensive patients with an Injury Severity Score (ISS)
greater than 15, stressing the importance of triage and trans-
port over interventions that may increase scene time.20

Similarly, the approach to diagnosis of blunt abdominal
trauma is undergoing evolution. DPL is highly sensitive, 
approaching 97% in blunt trauma and 93% in penetrating
trauma, with a 99% specificity.21 Its high sensitivity was both
an advantage as well as a disadvantage, however, as concern
grew over the phenomenon of “nontherapeutic laparotomy.”22

Improvements in speed and resolution of computerized to-
mography (CT) led to this modality becoming the favored di-
agnostic approach for the stable trauma patient. Advantages
of CT investigation of abdominal trauma include visualiza-
tion of solid organ anatomy, including retroperitoneal struc-
tures, and the ability to grade and quantify injury.23 This 
feature permits expectant nonoperative approach to solid or-
gan injury. Disadvantages include the need to transport pa-
tients from the relative safety of the ED resuscitation area to
the radiology suite, and the possible complications, such as
allergic reaction or renal impairment, of administering a dye
load. Moreover, the grading or staging of solid organ injury
based on CT findings alone may poorly correlate with anatom-
ical findings and should be considered in the context of vital
signs indicative of hemodynamic status such as pulse and
blood pressure.24

Ultrasound may replace DPL in the unstable patient.25

Advantages of the Focused Abdominal Sonogram for Trauma
(FAST) technique include its speed and immediacy; however,
its true utility has not yet been established. Laparoscopy has
not proved efficacious, with the exception of investigating
penetrating trauma to the flank or back to rule out dia-
phragmatic injury, a condition for which neither DPL, CT, or
FAST is accurate.26

The nonoperative management of traumatic brain injury
is predicated on reducing brain edema in the absence of a
space-occupying lesion that can be surgically attacked. 

Steroids are contraindicated in these cases. Based on
strong class II data, the use of intracerebral pressure moni-
toring for patients with GCS less than or equal to 8 mmHg

is advocated. Ventriculostomies appear to be more efficacious
than subarachnoid bolt monitors. This opinion is coupled
with a recommendation against overaggressive hyperventila-
tion to levels below a PCO2 of 25 mmHg.

The role of CT scanning in so-called mild or minor 
head trauma (GCS 13–15) is unclear.27 Use of the American
Academy of Neurology (AAN) classification system for con-
cussion (Table 8.5)28 and neuropsychological follow-up are 
indicated.29

The use of steroids for acute spinal cord injury (SCI) re-
mains a source of controversy.30

Special Situations

Trauma in the Elderly

For elderly Americans over age 65, trauma is the fifth most
common cause of death.

Not only do the elderly tend to sustain different types of
injuries, but their response to such injury and the ultimate
outcome reflect the frequently occurring comorbidities and
changes that occur in organ function over time.31 The prob-
ability of a fatal outcome from trauma increases linearly with
age, approximately 1% per year over age 65. Three types of
events account for 75% of all injury-related deaths among the
elderly: motor vehicle crashes, falls, and burns.

Obstacles to successful care of the elderly trauma patient
include decreased physiological reserve, the likelihood of
polypharmacy, and the probability of undisclosed or partially
treated chronic diseases. The prevalence of preexisting med-
ical conditions increases with age, up to 40% over age 65.
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TABLE 8.4. Estimated Blood Loss Based on Physical Exam.

Class I Class II Class III Class IV

Blood loss (ml) Up to 750 750–1500 1500–2000 �2000
Blood loss (% volume) Up to 15% 15%–30% 30%–40% �40%
Pulse rate �100 �100 �120 �140
Blood pressure Normal Normal Decreased Decreased
Respiratory rate 14–20 20–30 30–40 �40
Urine output (ml/h) �30 20–30 5–15 Negligible
Mental status Slightly anxious Mild anxiety Anxious, confused Lethargic

TABLE 8.5. Grades of Concussion: American Academy 
of Neurology (AAN) Guidelines.

Grade 1:
1. Transient confusion
2. No loss of consciousness
3. Concussive symptoms or mental status abnormalities resolve

in less than 15 min
Grade 2

1. Transient confusion
2. No loss of consciousness
3. Concussive symptoms or mental status abnormalities 

(including amnesia) last more than 15 min
Grade 3

1. Any brief loss of consciousness
a. Brief (seconds)
b. Prolonged (minutes)



The presence of these preinjury comorbidities is tied to out-
come, independent of age.32

Specific effects of aging contribute to the increased risk of
poor outcomes after trauma.33 Multifactorial cardiovascular
changes include decreased coronary blood supply, slowed con-
duction, ventricular hypertrophy, decreased stroke volume,
and increased systemic vascular resistance. The pulmonary
system reflects decreased lung elasticity, decreased diffusion
capacity, and increased destruction of alveolar septa. As a re-
sult, the aged lung has a decreased functional residual capac-
ity despite little change in total lung capacity. Loss of pro-
tective airway reflexes and poor coughing effort contribute to
a greater rate of aspiration. Over the five decades from age 30,
the kidneys exhibit a progressive loss of renal mass, includ-
ing both glomeruli and tubules. Renal blood flow and glomeru-
lar filtration rate decrease by nearly 50%. A concomitant de-
crease in concentrating ability translates into the need for
greater urine volumes to ensure adequate excretion of acid and
metabolite loads. Age-related dementia may be a confounding
variable to the neurological exam. An age-related decrease in
cerebral perfusion pressure accentuated the risk of hypoten-
sion. Loss of brain volume decreases the risk of cerebral con-
tusion, but the increased space between brain and dura makes
for an increased risk of subdural hemorrhage in which symp-
toms can be delayed or atypical. The tight adherence of the
dura to the skull reduces the risk of epidural hematoma.

Aggressive approaches to surgery and critical care for the
elderly trauma patient have lead to a good probability of re-
turn to independent function if survival is achieved.34 These
studies consistently report survival rates approaching 85% for
patients older than 65 years, with 67% to 87% of these sur-
vivors returning to their prior level of independence at home,
justifying aggressive intensive care management.

The Obese Trauma Patient

The National Center for Health Statistics and the National
Health and Examination Nutrition Survey have identified
35% of Americans as overweight.35 The physiological and
anatomical effects of obesity within a critical care context are
wide ranging.36 Obesity is associated with increased work of
breathing because of abnormal chest wall elasticity, increased
chest wall resistance, abnormal diaphragm position, and 
need to eliminate a higher daily production of carbon diox-
ide. Ventilation-perfusion mismatching results in a widened
aveolar-arterial oxygen gradient, derived in part from alveo-
lar collapse and reduced functional residual volume. Tidal
volumes (TV) based on actual body weight may result in high
airway pressures and alveolar overdistension, however, so ini-
tial TV should be based on ideal body weight and adjusted ac-
cording to airway pressures and oxygenation.37

Obese patients have a higher incidence of thromboem-
bolic disease, in part the result of immobility, venous stasis,
and increased thrombotic activity. This class of patients has
been demonstrated to have impaired left ventricular contrac-
tility and ejection fraction. Drug dosing regimens are contro-
versial, and there is disagreement and inconsistency in the
literature. Although obese individuals have excess body fat,
they are prone to develop protein energy malnutrition in re-
sponse to stress, shifting to a preferential use of carbohydrates,
which results in an increased respiratory quotient. Because
energy expenditure equations are unreliable in the obese, in-

direct calorimetry should be utilized.38 Nutritional support
should not be withheld in the belief that weight reduction
would be beneficial during critical illness or after injury. Obe-
sity carries an increased risk of aspiration due to higher gas-
tric volumes, prevalence of GE reflux, and increased intraab-
dominal pressure. Positioning the obese trauma patient to
prevent this complication, or others such as skin breakdown,
is made more difficult by the patient’s body habitus.39

Obese patients have a higher likelihood of chest trauma,
pelvic fracture or extremity fracture, and a decreased risk of
head injury.40 In addition, there is a statistically significant
increase in pulmonary complications and mortality among
the obese.

Trauma in the Jehovah’s Witness

The Jehovah’s Witnesses are a Christian sect whose current
membership exceeds 3 million people worldwide. Most rele-
vant to the medical community is their refusal to accept blood
products on the basis of their religious beliefs.41

The Jehovah’s Witness trauma patient represents unique
management problems. Management decisions are based on
several fundamental principles: (1) minimizing blood loss, (2)
maximizing blood production, (3) maximizing oxygen deliv-
ery, and (4) decreasing metabolic requirements.42 Minimizing
blood loss starts by aggressively treating bleeding or poten-
tially bleeding injuries. H2 blockade to prevent gastrointesti-
nal bleeding should be routine. Iatrogenic blood loss, most
commonly from phlebotomy, should be kept to a minimum. 

Procedures with a significant potential for blood loss
should be delayed, if possible, until hemoglobin levels are ad-
equate. If an operative procedure is to be performed, a red cell-
salvaging device should be available and its potential use dis-
cussed with the patient or family. Efforts to maximize red
blood cell production should begin immediately. The impor-
tance of nutritional status cannot be emphasized enough, and
early enteral feeding is stressed. Supplemented iron should 
be administered to the anemic patient. The use of erythro-
poietin has gained wide popularity,43 but its effect on he-
matopoiesis is not apparent for 1 to 2 weeks, limiting its ben-
efit in the acute setting. 

Maximizing oxygen delivery depends on circulating vol-
ume and oxygen content of blood. Crystalloid solutions are
used for volume expansion but rapidly become distributed ex-
travascularly. Synthetic colloids such as dextran and hespan
may be added for volume expansion and are generally ac-
ceptable to the Jehovah’s Witness.

An adjunctive strategy in the severely anemic patient is
to decrease the metabolic rate, and thus the oxygen require-
ments.44 Mild hypothermia of 30° to 32°C, neuromuscular
blockage, barbiturates, and paralytics may be used to this end.

In all cases, medicolegal considerations dictate that there
be clear documentation of the patient’s religious preference
and refusal to accept blood products, as well as the rationale
for treatment decisions.

Trauma and Alcohol

Alcohol consumption is a major etiological factor in both in-
tentional and unintentional trauma. Both acute and chronic al-
cohol use have a significant impact on mortality, and after mo-
tor vehicle trauma the link between alcohol use and death
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follows a dose–response curve.45 It has been estimated that
one alcohol-related fatality occurs every 22 min, and one-half
of the $70 billion cost of motor vehicle crashes in the United
States in 1988 was attributable to alcohol.46

Among the myths related to alcohol use is that alcohol
protects against serious injury and that most people injured
after consuming alcohol are social drinkers.47 While intoxi-
cation is a legal issue, set in most states at a blood alcohol
level (BAL) of 100 mg/ml, impairment can be demonstrated
at levels of 0.05%.

Several quetionnaires have been developed to assess for
at-risk behaviors and drinking patterns.

However, studies indicate little difference in the sensi-
tivity and selectivity among these screening tests. The value
of early identification cannot be overemphasized, however,
and must be coupled with early intervention. After even one
in-patient contact, professional treatment can obtain long-
term (defined as 1 year) abstinence rates as high as 64% to
74%, compared to abstinence rates of 10% when treatment
is delayed until referral after hospital discharge.

Trauma and the Prehospital Cardiac Arrest

The proper role of emergency department thoracotomy (EDT)
in the management of severely injured and moribund trauma
patients remains controversial. The physiological rationale
and primary objectives are variously described as the ability
to release pericardial tamponade, control intrathoracic hem-
orrhage, stop air emboli, open cardiac massage, and permit
aortic cross-clamping for subdiaphragmatic hemorrhage.
Since the 1980s, however, these indications have narrowed
because the physiological assumptions underlying the proce-
dure and the reported outcomes in various subgroups have
not borne out the initial enthusiasm.48

In the normovolemic subject, open cardiac massage
achieves 60% of baseline cardiac output compared to 25% for
closed cardiac massage. In the face of hypovolemia, however,
the state in which the trauma patient is most likely to be hy-
potensive, open massage does not afford significant advan-
tage. An algorithm that reserves ED thoracotomy for patients
with penetrating cardiac injury, other penetrating injury if
signs of life are pres-ent, and selective application after blunt
trauma can result in a significant reduction in performance
of the procedure and its attendant costs without change in
survival.
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Shock and 
Resuscitation

Avery B. Nathens and Ronald V. Maier

Shock, at its most fundamental level, represents the clin-
ical syndrome arising as a result of inadequate tissue per-
fusion. The discrepancy between substrate delivery and

the cellular substrate requirement leads to cellular metabolic
dysfunction. Inadequate oxygen delivery is implicated as the
principal defect in shock states; the classification of which is
listed in Table 9.1. The clinical manifestations of shock are
caused by end-organ dysfunction secondary to impaired perfu-
sion and the body’s sympathetic and neuroendocrine response
to an insufficient cellular supply/demand ratio for oxygen.

Timely restoration of perfusion and oxygen delivery usu-
ally reverses the shock state. However, the persistence or pro-
gression of shock may occur as a result of an ongoing occult
perfusion defect, irreversible cellular injury, or a combination
of the two phenomena. In addition, there is substantial clin-
ical and laboratory evidence suggesting that cellular injury
leads to the elaboration of proinflammatory mediators that
may further compromise perfusion through functional and
structural changes in the microvasculature. This form of sec-
ondary injury further impairs perfusion, creating a vicious cy-
cle whereby cellular injury leads to impaired perfusion that
further exacerbates cellular injury. Last, following recovery
from the clinical shock state (i.e., total body hypoperfusion),
there is diffuse activation of potent inflammatory cells that
may lead to the systemic inflammatory response syndrome
(SIRS). It is postulated that persistence of SIRS, through the
secondary induction of global cellular dysfunction, may be
causative in the development of the multiple organ dysfunc-
tion syndrome (MODS).1–3

Hypovolemic Shock

Hypovolemic shock is the most common cause of shock. It
may arise as a result of one of two processes: either (1) hem-
orrhage, representing intravascular volume depletion through
the loss of red blood cell mass; or (2) loss of plasma volume
only through extravascular fluid sequestration or gastroin-
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testinal, urinary, and insensible losses. Hemorrhage is the
form of volume loss that can be most readily quantified and
reproduced and thus represents the best understood form of
shock, whereas extravascular fluid sequestration, also referred
to as “third-space” fluid losses, is frequently underappreci-
ated as a cause of shock. Third-space fluid losses are the prin-
cipal cause of hypovolemia in the early postoperative period
and in local inflammatory processes, such as pancreatitis, in
which local changes in capillary permeability result in fluid
extravasation from the intravascular space into the intersti-
tium. Fluid sequestration is the principal cause of shock in
patients with small-bowel obstruction. In this case, hypo-
volemia results from fluid loss into the interstitium, bowel
lumen, and exudation of fluid into the peritoneal cavity. The
clinical manifestations of nonhemorrhagic forms of hypo-
volemic shock are the same as with hemorrhage, although
they can be more insidious in onset.

The physiological responses to hypovolemic shock are
geared towards maintenance of cerebral and coronary perfu-
sion and the restoration of effective circulating blood volume.
The major compensatory mechanisms include an increase in
sympathetic activity, release of stress hormones and expan-
sion of intravascular volume through resorption of intersti-
tial fluid, mobilization of intracellular fluid, and conservation
of fluids and electrolytes by the kidney. The clinical mani-
festations are simply a reflection of the intense adrenosym-
pathetic response and renal conservation of fluid. Microvas-
cular hypoperfusion of selected vascular beds results from the
combination of low intravascular blood volume, diminished
cardiac output from a reduction in preload, and compensatory
peripheral vasoconstriction.

A clinical staging system of hemorrhagic shock based on
the percentage of acute blood volume loss has been described
(Table 9.2).

Typically, classes I and II are referred to as compensated
shock states in which the adrenergic response maintains a
normal blood pressure. Passage from an initially compensated
state of shock to class IV shock may occur rapidly, particu-



larly in children and young adults. It is crucial to recognize
compensated shock and intervene as early as possible. De-
compensation of homeostatic mechanisms and inability to
maintain systolic blood pressure above 90 mmHg after
trauma-induced hypovolemia are associated with a mortality
of more than 50%.4 However, rapid and adequate restoration
of circulating blood volume simultaneous with control of
bleeding can reverse even severe hemorrhagic shock.

Hypovolemic shock is easily diagnosed when there is an
obvious source of volume loss and when overt signs of hemo-
dynamic instability and increased adrenergic output are pres-
ent. The diagnosis is more challenging when there is an occult
source or a slower rate of volume loss. In this particular situ-
ation, unreplaced gastrointestinal or urinary losses, excessive
insensible loss, or intraabdominal fluid sequestration must be
considered as alternate possibilities. Following trauma, blood
loss in the chest, peritoneal cavity, retroperitoneum, pelvis,
and thigh may be occult and should be considered in the eval-
uation of any hypotensive injured patient. Finally, plasma
losses from tissue trauma or burns, free water deficit, or unre-
placed insensible losses may lead to hypovolemia.

Laboratory evaluation may provide some diagnostic infor-
mation. Nonhemorrhagic forms of hypovolemic shock tend to
cause hemoconcentration. If the principal abnormality is
caused by loss of free water, then hemoconcentration will be
accompanied by hyponatremia. Acutely following hemorrhage
there may be no alteration in the hemoglobin or hematocrit
values until compensatory fluid shifts have occurred or ex-
ogenous red cell-free resuscitation fluid is administered.

In situations in which the underlying shock state is not
clear, the most critical distinction is to ensure that one is not
treating cardiogenic shock, as the appropriate therapy differs
dramatically. The findings of jugular venous distension, rales,
and the presence of an S3 gallop in cardiogenic shock may as-
sist in their differentiation. Both forms of shock, however, are

associated with a reduction in cardiac output and a compen-
satory sympathetic-mediated response. Further, both types of
shock may be treated with, and respond to, volume resusci-
tation. If the diagnosis is in doubt or the clinical situation
suggests both as a possibility, then invasive monitoring us-
ing a pulmonary artery catheter may be helpful to further as-
sess ongoing therapy.

Treatment of hypovolemic shock involves achieving two
primary goals concurrently: to reexpand the circulating blood
volume and to proceed with any necessary interventions to
control ongoing volume loss. Adequate repletion of the cir-
culating volume reexpands capacitance vessels, restores ve-
nous return, and reestablishes ventricular filling. As a result
of improved left-ventricular end-diastolic volume, contractile
function, stroke volume, and cardiac output respond posi-
tively; as cardiac output improves, the systemic vascular re-
sistance returns to normal and tissue perfusion is restored.

Intravenous Access

Resuscitation of hemorrhagic shock or severe hypovolemia
irrespective of the cause requires two large-bore (16 gauge or
larger) intravenous lines for rapid volume restoration. Access
may be achieved by peripheral vein catheterization, cutdowns
on the basilic, greater saphenous, or cephalic veins, or per-
cutaneous central venous access via subclavian, internal jugu-
lar, or femoral venous puncture.

The most important consideration for vascular access is
the choice of catheter and tubing. The rate of flow is propor-
tional to the fourth power of the radius of the cannula and is
inversely related to its length (Poiseuille’s law). Thus a short,
large-bore catheter connected to the widest administration
tubing possible or direct insertion of beveled tubing via a cut-
down venotomy provides the most rapid flow rates.

Choice of Fluid for Volume Resuscitation

The most efficacious and cost-effective approach is to restore
intravascular volume with rapid infusion of isotonic saline or
a balanced salt solution. Infusion of 2 to 3 l of crystalloid over
10 to 30 min should restore adequate intravascular volume
in most cases as the result of its large volume of distribution.
In patients with hemorrhagic shock, final restoration of blood
volume with crystalloid usually requires at least three times
the estimated blood loss. However, if blood pressure does not
improve after rapid administration of 2 l of crystalloid, this
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TABLE 9.1.   Classification of Shock States.

Hypovolemic
Traumatic
Cardiogenic

Intrinsic
Compressive

Septic
Neurogenic
Hypoadrenal

TABLE 9.2.   Physical Findings in Hemorrhagic Shock.a

Class I Class II Class III Class IV

Blood loss (ml) �750 750–1500 1500–2000 �2000
Blood loss Up to 15% 15%–30% 30%–40% �40%
Pulse rate �100 �100 �120 �140
Blood pressure Normal Normal Decreased Decreased
Pulse pressure (mmHg) Normal Decreased Decreased Decreased
Respiratory rate 14–20 20–30 30–40 �35
Urine output (ml/h) �30 20–30 5–15 Negligible
CNS/mental status Slightly anxious Mildly anxious Anxious, confused Confused, lethargic
aAlcohol or drugs (e.g., �-blockers) may alter physical signs.

Source: Adapted from American College of Surgeons. Shock. In: Advanced Trauma Life Support Manual. Chicago: American College of Surgeons, 1997:87–107.



suggests that blood loss is in excess of 1500 ml, there is on-
going active bleeding, or, alternatively, another cause of shock
must be considered. Further volume resuscitation should
therefore include simultaneous blood transfusion, either as
fully cross-matched blood, type-specific blood, or, in dire cir-
cumstances, O-positive or O-negative packed cells.

HYPERTONIC SALINE

The primary rationale behind the use of hyperosmotic solu-
tions in patients with hypovolemic shock is relatively sim-
ple. The hypertonic component of these solutions draws wa-
ter out of the intracellular space and acts to replenish the
depleted extracellular space. To increase the intravascular on-
cotic pressure, 6% dextran has been added to the hypertonic
saline solution. The colloid component transiently partitions
the recruited fluid to the intravascular space and thus, in the-
ory, should prolong the beneficial hemodynamic effects of the
solutions. Still, based on published data, hypertonic saline
with or without dextran probably offers little benefit to stan-
dard resuscitation regimens. In the subset of patients with
shock and traumatic brain injury, hypertonic saline may of-
fer some survival benefit. Hypertonic saline as a method of
small-volume resuscitation may also offer certain advantages
in less controlled medical environments where prolonged
transport or evacuation times require longer periods of re-
suscitation with limited supplies. Additionally, the small
weights and volumes of hypertonic saline required for resus-
citation may prove advantageous in the battlefield.

FLUID RESUSCITATION USING COLLOID

It is unclear whether the use of colloid solutions confers any
benefit over the use of crystalloid solutions. Meta-analysis of
randomized controlled trials comparing albulmin to crystal-
loid have suggested that use of colloid solutions in resusci-
tation may in fact increase mortality. It is thought that al-
bumin, for instance, may increase edema, impair sodium and
water excretion, and worsen renal failure.There are two forms
of synthetic colloid in use. Hetastarch, a 6% hydroxyethyl
starch solution, has a significant volume-expanding effect
that lasts as long as 24 h. Potential disadvantages with 
the use of hetastarch include rare anaphylactic reactions and
the development of a coagulopathy when given in excess of
1000 ml/day.5 Clinical trials with this agent have shown im-
provements in tissue perfusion without any difference in clin-
ical outcomes.

Pentastarch is another synthetic colloid with several ad-
vantages over hetastarch. Its structure allows for a more con-
centrated solution and therefore higher oncotic pressures for
plasma expansion and faster plasma clearance and renal ex-
cretion. Further, this new solution has proved to be less al-
lergenic and is associated with fewer renal or anaphylactic
complications. Pentastarch has a significant volume-expand-
ing effect that lasts approximately 12 h in comparison to het-
astarch (24 h). Approximately 90% of the pentastarch dose is
eliminated from the intravascular space within 24 h. Pen-
tastarch induces plasma volume expansion of about 1.5 times
the administered volume, whereas hetastarch produces ex-
pansion approximately equal to the volume administered.
Thus, pentastarch may be a more potent volume expander
with a shorter duration of action than either hetastarch or 
albumin.

ALTERNATIVES TO BLOOD TRANSFUSION

AUTOTRANSFUSION

Transfusion of shed blood has several advantages over ho-
mologous blood. In the acutely injured patient in need of im-
mediate blood, autotransfusion is readily available. Auto-
transfusion is safe without risk of hemolytic, febrile, or allergic
reactions or transmissible disease. Further, salvaged blood is
already warm and has better oxygen-transport properties be-
cause of preservation of normal levels of 2,3-diphosphoglyc-
erol. Despite reductions in platelet count and function, labile
clotting factors are present in greater concentration than in
banked blood, although fibrinogen levels drop significantly in
salvaged blood.6

Regardless, the use of autotransfusion devices is cost-ef-
fective and reduces the use of banked blood.7 Its use should
be considered in any operative patient with hemorrhagic
shock who does not immediately respond to crystalloid re-
suscitation in the emergency room.8

RED BLOOD CELL SUBSTITUTES

There are several potential benefits to using a red blood cell
substitute, including immediate availability, no need for com-
patibility testing, freedom from disease transmission, and
long-term storage. The only red blood cell substitute currently
available for clinical use in humans is a polymerized stroma-
free hemoglobin.9

Traumatic Shock

The major contributor to shock following trauma is hypo-
volemia, and acute hemorrhage is a frequent cause of death
after injury.4 Once hemorrhage ceases or is controlled, pa-
tients can continue to suffer loss of plasma volume into the
interstitium of injured tissues and develop progressive hypo-
volemic shock. Additionally, hypovolemia coupled with tis-
sue injury evokes a greater systemic inflammatory response
and a potentially more devastating degree of shock than hy-
povolemia alone. Specific injuries can also produce superim-
posed cardiogenic or neurogenic shock. Pericardial tampon-
ade or tension pneumothorax can produce hemodynamically
significant compression of the heart, and myocardial contu-
sion can cause cardiogenic shock. Neurogenic shock can ac-
company spinal cord injury.

The management of traumatic shock is similar to that of
hypovolemic shock. Apart from prompt reversal of perfusion
defects, efforts must be focused on limiting the inflammatory
response to other stimuli. For example, maneuvers directed
toward aggressive early reestablishment of the circulation to
ischemic tissues, prompt debridement of devitalized or
necrotic tissues, and early fracture fixation10,11 might all play
a role in limiting the inflammatory response.

Cardiogenic Shock

The syndrome of cardiogenic shock has been defined as the
inability of the heart—as a result of impairment of its pump-
ing function—to deliver sufficient blood flow to the tissues
to meet resting metabolic demands.12 Thus, the purest clin-
ical definition of cardiogenic shock requires a low cardiac out-
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put and evidence of tissue hypoxia in the presence of an ad-
equate intravascular volume. If hemodynamic monitoring is
available, the diagnosis is confirmed by the combination of a
low systolic blood pressure and a depressed cardiac index
(�2.2 l/min/m2) in the presence of an elevated pulmonary
capillary wedge pressure (�15 mmHg).

The mechanisms leading to the development of cardio-
genic shock reflect a complex interplay between the heart,
the peripheral circulation, and maladaptive compensatory re-
sponses. The progressive deterioration that occurs in the ab-
sence of intervention can be seen as a vicious cycle in which
normal physiological compensatory mechanisms in response
to reduced cardiac output tend to propagate a downward spi-
ral, ultimately leading to death (Fig. 9.1). A reduction in 
blood pressure activates the sympathetic nervous system
through the stimulation of baroreceptors. The adrenergic re-
sponse leads to an increase in heart rate, myocardial con-
tractility, and arterial and venous vasoconstriction. The
renin-angiotensin system is activated by inadequate renal per-
fusion and sympathetic stimulation, leading to additional
vasoconstriction and salt and water retention. Finally, hy-
potension potentiates the secretion of antidiuretic hormone,
which further increases water retention. The reduction in
blood pressure in conjunction with an elevated left-ventricu-
lar end-diastolic pressure resulting from fluid retention and
impaired left-ventricular function reduces coronary perfusion
pressure and thus myocardial oxygen delivery. Meanwhile,
the increase in heart rate, systemic vascular resistance, and
contractility all increase myocardial oxygen consumption and
demand. The discrepancy between myocardial oxygen de-
mand and oxygen delivery further impairs left-ventricular
function and will lead to circulatory collapse unless appro-
priate and timely intervention interrupts the cycle.

The clinical features of cardiogenic shock are remarkably
similar to those of hypovolemic shock. If right-sided failure
predominates, the predominant clinical features are those of
accumulation of blood in the systemic veins and capacitance 
vessels. By contrast, the principal features of left-sided fail-

ure are related to an increase in extravascular lung water.
With normal pulmonary capillary permeability, pulmonary
interstitial fluid flow overwhelms the capacity of pulmonary
lymphatics, and edema develops at capillary pressures higher
than 20 mmHg. Overt pulmonary edema develops at pres-
sures of more than 24 mmHg.

In making the diagnosis of cardiogenic shock, any history
of cardiac disease may be of diagnostic value. Physical exam
may demonstrate evidence of inadequate tissue perfusion in
conjunction with an elevated jugular venous pressure, an S3

gallop, and pulmonary edema. An electrocardiogram may 
indicate myocardial damage. A chest radiograph provides
valuable diagnostic information regarding the presence of pul-
monary edema, pleural effusion, or cardiac chamber enlarge-
ment. Cardiac enzymes may provide evidence of acute myo-
cardial infarction, and arterial blood gas analysis provides
information regarding the adequacy of gas exchange. Severe
hypoxia in the presence of a normal chest radiograph may
support the diagnosis of massive pulmonary embolus rather
than a primary cardiac cause of shock. Urinary indices may
demonstrate decreased urinary sodium and elevated urine os-
molarity, a function of renal conservation of sodium and wa-
ter in response to a drop in renal perfusion. Transthoracic or
transesophageal echocardiography are excellent noninvasive
aids in sorting through the differential diagnosis of cardio-
genic shock; they may provide information on regional and
global ventricular wall function, valvular integrity, and the
presence or absence of pericardial fluid. In confusing or com-
plicated cases use of a pulmonary artery catheter may pro-
vide additional diagnostic information.

Management of cardiogenic shock is geared toward im-
mediate therapeutic interventions that interrupt the vicious
cycle leading to progressive myocardial dysfunction. Critical
elements include assuring adequate oxygenation and ventila-
tion, correction of electrolyte and acid–base abnormalities,
and restoration of sinus rhythm. Interventions may include
cardioversion, administration of crystalloid, or infusion of 
inotropic or vasopressor drugs. Inotropic support should only
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FIGURE 9.1.  The reduction in cardiac output as-
sociated with left-ventricular dysfunction results
in a series of compensatory responses that func-
tion to maintain blood pressure at the expense of
aggravating any disparity in myocardial oxygen
demand and supply. This imbalance increases
left-ventricular dysfunction and sets up a vicious
cycle.



be considered a temporizing measure; it has never been
demonstrated to improve survival in patients with cardio-
genic shock.13

Afterload reduction through the use of vasodilators may
be beneficial for patients in cardiogenic shock, but caution
must be exercised because of the risk of exacerbating hy-
potension. Either intravenous nitroglycerin or sodium nitro-
prusside may be used.

Patients with right-ventricular infarction leading to car-
diogenic shock deserve special mention. The marked reduc-
tion in right-ventricular compliance causes these patients to
be extremely sensitive to volume depletion. The focus of ther-
apy in such patients should be the immediate restoration of
adequate left-ventricular filling pressure while accepting sig-
nificantly elevated central venous pressures. If volume re-
suscitation fails to resolve hypotension, then dobutamine
should be used in an attempt to improve the contractility of
the dysfunctional right ventricle.12

One adjunctive approach to patients with severe cardiac
dysfunction is the use of intraaortic balloon counterpulsation
(IABC), which is achieved by placing a counterpulsation bal-
loon catheter in the descending thoracic aorta via the femoral
artery.14 Inflation of the balloon during diastole augments di-
astolic pressure at the aortic root and thus improves coronary
blood flow; deflation during systole then provides some de-
gree of afterload reduction. The net effect is a reduction in
myocardial oxygen requirements. IABC is generally used as a
means of temporary support for patients in cardiogenic shock,
either with the hope of recovering myocardial function or
while preparations are made for other interventions, whether
they be percutaneous or operative attempts at myocardial
revascularization, correction of other anatomical defects, or
cardiac transplantation. There is some evidence that use of
the IABC in patients subsequently undergoing revasculariza-
tion may offer a significant survival benefit. 

Compressive (or obstructive) cardiogenic shock is a dis-
crete entity that occurs as a result of extrinsic compression
of the heart. The extrinsic compression limits diastolic fill-
ing, effectively reducing preload, which adversely affects
stroke volume and cardiac output. Blood or fluid within the
poorly distensible pericardial sac may cause pericardial tam-
ponade, which is the most frequently cited cause of extrinsic
cardiogenic shock. However, any cause of increased in-
trathoracic pressure—such as tension pneumothorax, hernia-
tion of abdominal viscera through a diaphragmatic hernia,
mediastinal hematomas (rarely pneumomediastinum), and in
some instances excessive positive pressure ventilation or in-
traabdominal compartment pressure—can cause cardiogenic
shock.

The classic clinical findings of pericardial tamponade in-
clude jugular venous distension, muffled heart sounds, and
hypotension (Beck’s triad). A drop in blood pressure with in-
spiration of more than 10 mmHg, known as pulsus paradoxus,
may be demonstrated. Placement of a central venous catheter
confirms the elevation in right-sided filling pressures despite
persistent hypotension. In the patient at risk, echocardiogra-
phy is the most sensitive and specific modality to demon-
strate pericardial fluid and need for operation. Pericardiocen-
tesis as a diagnostic maneuver is not ideal because of the
likelihood of inadvertent ventricular puncture causing a false-
positive diagnosis, risk of significant iatrogenic injury, and
the inability to withdraw clotted blood that has not yet lysed. 

Septic Shock

Septic shock is the second most frequent cause of shock in
the surgical patient. Invasive bacterial infection represents
the most common cause of septic shock, with the most likely
sites of infection being the lungs, abdomen, and urinary tract. 

The pathophysiological alterations in septic shock are a
result of the local and systemic response to bacteria and their
products. Bacterial products stimulate the release of en-
dothelial and macrophage-derived proinflammatory cytokines,
the most potent of which are tumor necrosis factor-alpha
(TNF-�) and IL-1. TNF-� and IL-1 may stimulate the release
of IL-6 and IL-8 and other mediators, including thromboxanes,
leukotrienes, platelet-activating factor, prostaglandins, com-
plement, and nitric oxide (NO).

The inflammatory milieu induces several circulatory
changes that impair tissue perfusion. First, myocardial de-
pression is often evident despite an increase in cardiac index.
Several factors contribute to cardiac dysfunction, including
biventricular dilatation,15 myocardial hyporesponsiveness to
catecholamines,16 and diastolic dysfunction.17 Together,
these phenomena result in a significant reduction in ejection
fraction and a suboptimal response to volume infusion that
persists for as long as 10 days. 

The increase in cardiac index despite a reduction in myo-
cardial contractility occurs as a result of a profound reduc-
tion in vasomotor tone, the principal cause of hypotension in
septic shock. The reduction in venous tone leads to pooling
in large capacitance vessels, effectively reducing circulating
blood volume.

Several microcirculatory changes distinct from changes in
vasomotor tone also play a role in the manifestations of septic
shock. The mediator environment of sepsis results in activa-
tion of the coagulation cascade leading to microthrombus for-
mation and marked decreases in deformability of neutrophils
and erythrocytes, leading to capillary plugging.18 This mi-
crovascular occlusive phenomenon induces the opening of ar-
teriovenous shunts, effectively depriving tissues of adequate
perfusion. Several proinflammatory mediators also increase
neutrophil-endothelial adherence and subsequent extravasation
of activated inflammatory cells into the interstitium where they
induce tissue injury. Increased vascular permeability results in
edema which effectively increases the diffusion distance re-
quired for cellular oxygen delivery and may, in concert with
opening of arteriovenous shunts, induce cellular hypoxia.

Early manifestations of severe sepsis include tachypnea,
tachycardia, oliguria, and changes in mental status. These
clinical features may precede the onset of fever and leukocy-
tosis, particularly in immunocompromised patients. Thus,
these simple clinical features should be considered evidence
of impending shock in those at risk.

Early, aggressive management is critical to minimizing the
morbidity and mortality of septic shock. Because of the sys-
temic vasodilation and increase in microvascular permeabil-
ity, it is not unusual for patients to require large amounts of
intravenous fluid to restore a normal blood pressure. Vaso-
pressor support with dopamine, epinephrine, or norepineph-
rine may be necessary if there is an inadequate blood pressure
response to fluid resuscitation. In patients not responding to
fluid infusion or those with underlying cardiac or renal dis-
ease, the use of a pulmonary artery catheter is indicated.

During the resuscitation process, it is imperative that all

SHOCK AND RESUSCITATION 9 9



measures be taken to reverse the infectious process as expe-
diently as possible. If the organism or site is unknown, treat-
ment may require empiric broad-spectrum antimicrobial
agents, based in part on known bacterial patterns in the in-
stitution, until further information is available. The correct
choice of antibiotic or antibiotic combination is critical as
there is a significantly higher case-fatality rate if inappropri-
ate antimicrobials are administered.19 If the infection source
is an abscess or there is ongoing soiling of the pleural or peri-
toneal cavities, then either drainage or control of contami-
nation is mandatory. Similarly, necrotic, infected tissue re-
quires aggressive debridement.

Neurogenic Shock

Hypotension and bradycardia may occur following acute cer-
vical or high thoracic spinal cord injury as a result of disrup-
tion of sympathetic outflow in conjunction with unopposed
vagal tone. This constellation of clinical features is referred
to as neurogenic shock, a syndrome that must be considered
separately from the inappropriate term spinal shock, which
refers to loss of spinal cord reflexes below the level of spinal
cord injury. Any patient with a spinal cord injury above the
level of L-1 is potentially at risk. 

The diagnosis should be suspected in any patient with hy-
potension and bradycardia following injury. In some cases,
these findings may represent the first suggestion of a spinal
cord injury in a comatose patient. The patient with neurogenic
shock is typically warm and well perfused. If a pulmonary
artery catheter is in situ, the cardiac index may be elevated
while the systemic vascular resistance is markedly reduced.20

It is critical to remember that hemorrhage remains the most
common cause of shock in patients with spinal cord injury.
Thus, occult hemorrhage should be ruled out before attribut-
ing spinal cord injury as the exclusive cause of hypotension.

Hypoadrenal Shock

Shock secondary to adrenal insufficiency occurs quite in-
frequently and usually within the context of a concomitant
critical illness. In North America, adrenal insufficiency most
commonly arises as a consequence of the chronic therapeu-
tic administration of high-dose exogenous corticosteroids
with resultant suppression of the hypothalamic-pituitary-
adrenal axis. Once the patient is severely stressed, typically
following major infection, operation, or trauma, adrenocor-
tical function may be insufficient to support the necessary
physiological response and the clinical picture of shock due
to adrenal insufficiency will become manifest.

Diagnosis of shock secondary to hypocortisolism requires
a high level of suspicion. Findings associated with adrenal in-
sufficiency include weakness, fatigue, anorexia, abdominal
pain, fever, nausea, vomiting, and weight loss. If long stand-
ing (i.e., Addison’s disease), there may be hyperpigmentation
of the skin and mucous membranes. Hyponatremia, hypo-
chloremia, and hyperkalemia are consistent with decreased
mineralocorticoid activity. Adrenal insufficiency may also
present acutely with fever, shock, and an acute abdomen.
More typically, surgical patients with adrenal insufficiency
present with refractory shock in the course of injury or ill-

ness. There may be no other findings other than the failure
to respond to standard shock therapy.

The hemodynamic changes associated with acute adrenal
insufficiency tend to occur in two predictable patterns. In the
relatively hypovolemic patient, the appearance is one of car-
diogenic shock with decreased preload, depressed myocardial
contractility, and high systemic vascular resistance. By con-
trast, if the patient had been adequately volume resuscitated,
the cardiac output is usually high with a low systemic vas-
cular resistance. This latter shock state is particularly diffi-
cult to differentiate from sepsis because fever and leukocyto-
sis are not unusual in patients with shock secondary to adrenal
insufficiency. The diagnosis of acute adrenal insufficiency
should therefore be suspected in patients with hemodynamic
and clinical findings of septic shock whose infectious origin
is not readily apparent. Plasma cortisol and corticotrophin lev-
els should be obtained to assist in diagnosis.

Emergency treatment of hypoadrenal shock requires im-
mediate treatment with high-dose hydrocortisone (100 mg in-
travenously every 8 h) with a rapid taper to an appropriate
maintenance dose.

Diagnostic and Therapeutic Adjuncts 
in the Management of Shock

Pulmonary Artery Catheter

The differential diagnosis of the shock state is usually rela-
tively straightforward. The clinical setting in conjunction
with physical examination is often sufficient to guide diag-
nosis and therapy. However, occasionally the cause of the
shock state is unclear, in which case hemodynamic parame-
ters derived from a pulmonary artery catheter may provide
valuable insight into the principal mechanism underlying the
shock state (Table 9.3).

Resuscitative Thoracotomy

Resuscitative thoracotomy (also referred to as emergency
room thoracotomy) represents an adjunctive measure to man-
age patients in extremis or profound shock following trauma.
This approach involves performing a left anterolateral thora-
cotomy in the emergency room while the rest of the resus-
citation team continues with managing the airway, intra-
venous access, and fluid resuscitation. After entry into the
left chest, the pericardium is inspected for evidence of tam-
ponade and a pericardiotomy performed to decompress the
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TABLE 9.3.   Differential Diagnosis of Shock States Based on 
Hemodynamic Parameters.

Type of CVP or Cardiac Systemic vascular Venous O2

shock PCWP output resistance saturation

Hypovolemic � � � �

Cardiogenic � � � �

Septic �� � � �

Traumatic � �� �� �

Neurogenic � � � �

Hypoadrenal �� �� �� �

CVP, central venous pressure; PCWP, pulmonary capillary wedge pressure.



pericardial space and/or allow for open cardiac massage. Ma-
jor pulmonary hemorrhage or hilar injury can be managed by
cross-clamping the pulmonary hilum. The descending tho-
racic aorta can be occluded, thus optimizing perfusion to the
coronary and cerebral circulation while limiting intraabdom-
inal hemorrhage.

It is quite clear that survival is negligible in patients with-
out signs of life in the prehospital phase of care.21 Thus, re-
suscitative thoracotomy is recommended for patients with
signs of life at the scene in patients with penetrating trauma
and in blunt trauma patients who present with vital signs but
decompensate in the emergency department.22

Inotropes

Management of shock requires manipulation of intravascular
volume (preload), systemic vascular resistance (afterload), and
myocardial contractility. Optimal volume resuscitation
should precede pharmacological intervention. The use of 
inotropic agents should be considered when tissue perfusion
remains inadequate despite adequate fluid administration. 

DOPAMINE

Dopamine is an endogenous sympathetic amine that is a
biosynthetic precursor of epinephrine which also functions as
a central and peripheral neurotransmitter. At low doses (1–3
�g/kg/min) dopamine may increase renal blood flow and di-
uresis. At moderate doses (5 �g/kg/min), stimulation of car-
diac �-receptors produces increases in contractility and car-
diac output with little effect on heart rate or blood pressure.
With increasing doses (5–10 �g/kg/min), �-adrenergic effects
still predominate, but further increases in cardiac output are
accompanied by increases in heart rate and blood pressure.
At higher doses (more than 10 �g/kg/min), peripheral vaso-
constriction from increasing �-activity becomes more promi-
nent, resulting in elevation of systemic vascular resistance,
blood pressure, and myocardial oxygen consumption.

DOBUTAMINE

Dobutamine is a synthetic catecholamine that has been used
for its �-adrenergic effects and the absence of significant �-
activity. The predominant effect is an increase in cardiac con-
tractility with little increase in heart rate. Dobutamine also
has a peripheral vasodilating effect resulting from �2-receptor
activation that is independent of any increase in cardiac out-
put. The combination of increased contractility and reduc-
tion in afterload contribute to improved left-ventricular emp-
tying and a reduction in pulmonary capillary wedge pressure.
As a result of these properties, dobutamine is an ideal agent
when the therapeutic goal is to improve cardiac output rather
than to improve blood pressure.

NOREPINEPHRINE

The sympathetic neurotransmitter norepinephrine exerts
both �- and �-adrenergic effects. The �-adrenergic effects are
most prominent at lower infusion rates, leading to increases
in heart rate and contractility. With increasing doses, the �-
mediated effects become evident and are responsible for in-
creases in systemic vascular resistance and blood pressure.
Norepinephrine is used mainly in patients with hypotension
refractory to volume resuscitation and other inotropic agents.

EPINEPHRINE

Epinephrine has a broad spectrum of systemic actions. At
lower rates of infusion, �-adrenergic responses predominate,
leading to an increase in heart rate and contractility (�1 ef-
fect) in conjunction with peripheral vasodilation (�2 effect).
These effects result in an increase in stroke volume and car-
diac output with a variable effect on blood pressure. At a
higher rate of infusion, � effects predominate, leading to an
increase in systemic vascular resistance and blood pressure. 

AMRINONE

Amrinone is a synthetic bipyridine with inotropic and va-
sodilator effects. Its principal mechanism of action involves
phosphodiesterase inhibition, through which it raises the in-
tracellular concentration of cyclic AMP. It appears to be a use-
ful agent in cardiogenic shock complicating myocardial infarc-
tion as it may significantly increase cardiac contractility and
cardiac output without increasing myocardial oxygen require-
ment due to concomitant vasodilation and afterload reduction.
Drawbacks to the use of amrinone are the variability of the in-
dividual response, its relatively long half-life (3.6 h), and the
potential for acute significant hypotension if intravascular vol-
ume is inadequate. In addition, its use is not infrequently ac-
companied by the development of thrombocytopenia.

Complications of Shock and Resuscitation

Multiple Organ Dysfunction Syndrome

The syndrome associated with multiple organ dysfunction
(MODS) has evolved only recently as a result of advances in
our ability to salvage patients who would have otherwise died
as a result of their shock state. Shock in all its forms repre-
sents the most common predisposing factor leading to the 
development of MODS. There is no specific treatment for
MODS. Efforts should be directed toward minimizing the du-
ration of shock and rapidly ensuring adequate organ perfusion.

Immunosuppression

In a large series of trauma patients with hemorrhagic shock,
almost 40% of patients surviving the first 24 h developed in-
fectious complications.4 The mechanism of the apparent im-
munosuppression is unclear. It may be related to allogeneic
blood transfusion and/or to the marked depression of both
macrophage and lymphocytic functional capacities that has
been observed following hemorrhagic shock.

Hypothermia

Hypothermia invokes a variety of systemic responses, includ-
ing a reduction in heart rate and cardiac output, while tem-
peratures below 32°C may induce supraventricular or ventric-
ular arrhythmias.23 Most importantly, at temperatures less
than 35°C hypothermia induces a coagulopathy due to effects
on both coagulation factors and platelet function. The combi-
nation of coagulopathy and hypothermia produces a vicious cy-
cle; the coagulopathy leads to more blood loss, requiring more
replacement with cool fluids or blood products, leading to fur-
ther hypothermia and aggravation of the coagulopathy.
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Prevention of hypothermia should be considered in all pa-
tients with shock. Methods to achieve this include the use
of fluid warmers, warming blankets, warmed ventilator cir-
cuits, and continous arteriovenous rewarming.

Abdominal Compartment Syndrome

The abdominal compartment syndrome (ACS) is a sequela of
massive resuscitation following shock or visceral ischemia.
Aggressive fluid resuscitation in concert with alterations in
microvascular permeability result in marked visceral edema.
Similarly, increasing soft tissue edema results in a reduction
in abdominal wall compliance. The combination of an in-
crease in the volume of intraabdominal contents in concert
with a stiff abdominal wall significantly increases the pres-
sure in the abdominal cavity.

A progressive increase in intraabdominal pressure pro-
duces a graded decrease in cardiac output, an effect mediated
by a reduction in venous return and an increase in systemic
vascular resistance due to caval compression and mechanical
compression of capillary beds, respectively.24 Left and right
atrial filling pressures obtained using a pulmonary artery
catheter may be spuriously elevated because of the increase
in intrathoracic pressure.25

Passive elevation of the diaphragm allows the transmis-
sion of high intraabdominal pressure into the pleural cavity,
reducing both static and dynamic lung compliance.25,26 This
reduction in compliance results in the need for very high in-
spiratory airway pressures to maintain effective ventilation.
Intraabdominal hypertension may also result in significant
increases in intracranial pressure due to impaired cerebral ve-
nous outflow secondary to an increase in intrathoracic pres-
sure.27,28

Diagnosis of the abdominal compartment syndrome re-
quires recognizing the clinical syndrome and, ultimately,
some objective measurement of intraabdominal pressure. The
classic clinical clues to the presence of ACS are (1) a tense or
distended abdomen, (2) massive intravenous fluid require-
ments, (3) elevated central venous and pulmonary capillary
wedge pressures, (4) decreased cardiac output, (5) elevated
peak airway pressures, and (6) oliguria.

Physical exam is unreliable, however, and objective mea-
surement of intraabdominal pressure (IAP) may be required. 

The most widely used method of measuring IAP involves
transurethral measurement of urinary bladder pressure using
a Foley catheter.29,30 In the supine position the normal in-
traabdominal pressure is less than 10 mmHg. Following ab-
dominal surgery, pressures are typically in the range of 3 to
15 mmHg.29 Treatment should be considered if intraabdomi-
nal pressures exceed 25 to 30 mmHg.30,31 Optimally, man-
agement involves either reopening a prior laparotomy incision
or, in patients without a recent laparotomy, opening the peri-
toneal cavity via a midline incision. Some form of temporary
abdominal closure is then necessary to bridge the fascial de-
fect and prevent evisceration. There are no studies demon-
strating a survival benefit with decompressive celiotomy.
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Neurological Dysfunction

Etiology and Diagnosis

Brain dysfunction presents as an alteration in mental function
(altered mental status) that spans the spectrum from delirium
to coma. The most common manifestations are disorientation
and agitation, characterized by disorganized thinking, deficits
in short-term memory, and auditory hallucinations. The eti-
ology is usually listed as multifactorial (potential contributing
factors are listed in Table 10.1). Establishing a diagnosis is dif-
ficult (often made by exclusion) and requires a careful history
and focused neurological examination.1 Computed tomogra-
phy of the head to establish an anatomical abnormality is in-
dicated in patients with focal neurological findings, in patients
at risk for stroke or intracranial hemorrhage, or in those with
a history of trauma. Lumbar puncture to obtain cerebral spinal
fluid should be reserved for patients with a history and physi-
cal exam suggestive of meningitis.

Treatment

It is helpful to objectively document neurological status with
a simple scoring system. One example is the modified Ram-
say sedation scale (Table 10.2).2 Regular use of this scale min-
imizes interobserver variance and facilitates communication
regarding neurological status and titration of sedatives.

The treatment of brain dysfunction is supportive. Anxio-
lytics, typically benzodiazepines given intravenously, are
used to treat agitation. In a randomized, prospective multi-
center study comparing intermittent i.v. lorazepam to con-
tinuous i.v. midazolam,3 the two agents were found to be
equally safe and effective and without significant differences
in their effects on hemodynamic profiles. A prospective, ran-
domized, multicenter trial found that an infusion of contin-
uous i.v. propofol was equally safe and effective but had a 
significantly shorter duration of action when compared to

1 0 5

continuous i.v. midazolam.4 As neither benzodiazepines nor
propofol offer analgesia, the additional use of a narcotic (mor-
phine or fentanyl) is particularly helpful in those patients ex-
periencing postoperative pain or discomfort from invasive de-
vices (e.g., an endotracheal tube). Another type of agent used
to treat agitation is i.v. haloperidol, especially in combina-
tion with benzodiazepines, for the treatment of delirium, hy-
pervigilance, and paranoia (“ICU psychosis”).5

Prognosis

The prognosis for brain dysfunction in the critically ill is usu-
ally excellent. In the absence of acquired anatomical abnor-
malities (e.g., stroke or trauma), the mental status changes
associated with critical illness almost always improve as
MODS resolves and neuroactive drugs are discontinued.

Cardiovascular Dysfunction

Etiology and Diagnosis

Failure of the cardiovascular system presents as hypotension,
variably defined. Widely accepted criteria include systolic
blood pressure (SBP) less than 90 mmHg or mean arterial
blood pressure (MAP) less than 60 mmHg. The pathophysi-
ology of hypotension can be easily understood by analyzing
the determinants of blood pressure. If Ohm’s law, pressure �
flow � resistance, is applied to blood flow, one approxima-
tion is

MAP � CO � SVR

That is, MAP is proportional to cardiac output (CO) and some
measure of systemic vascular resistance (SVR). As CO is de-
termined by heart rate (HR) and stroke volume (SV), then

MAP � HR � SV � SVR



As SV is determined by myocardial preload, afterload, and
contractility, then

MAP � HR � preload � afterload � contractility

In other words, MAP is proportional to heart rate and some
measure of myocardial preload, afterload, and contractility.
The conclusion is that hypotension can only result from a de-
crease in one of these four determinants: heart rate, preload,
afterload, or contractility. 

The clinical (bedside) assessment of patients who present
with shock is notoriously unreliable. Of the four determi-
nants of blood pressure—preload, afterload, contractility, and
heart rate—only the latter can be determined at the bedside
with a reliable degree of accuracy.

Because of ambiguities and the critically ill, unstable na-
ture of patients in shock, hemodynamic data obtained from
invasive indwelling monitors can be particularly useful, both
diagnostically and therapeutically (Chapter 17). Indwelling ar-
terial catheters permit continuous real-time measurement of
systemic arterial pressures and easy access to the arterial cir-
culation for blood gas measurements. Venous catheters placed
in a central vein permit assessment of central venous and
right atrial pressures, two measures of right-ventricular pre-
load. The balloon-tipped, thermodilution pulmonary artery
(PA) catheter provides access to mixed venous blood, permits
an estimation of left ventricular preload in the “wedged” po-
sition, and provides data allowing the clinician to estimate
right- and left-ventricular contractility (cardiac index, stroke
volume, right ventricular ejection fraction). Cardiac rhythm,
conduction, and perfusion abnormalities are assessed rou-
tinely on a 12-lead ECG tracing. Transthoracic and, more re-

cently, transesophageal echocardiography can be used to de-
termine valvular and regional myocardial function and an es-
timation of filling pressures in patients with evidence of pri-
mary heart dysfunction or endocarditis.

Treatment

The goals of pharmacological therapy for shock mirror those
of the endogenous response to stress, that is, optimization of
myocardial preload, contractility, afterload, and heart rate.

As the most frequent etiology of shock in the periopera-
tive period is hypovolemic or septic shock, administration of
i.v. fluids to increase preload is a safe, logical first step. The
goal is to “load” the ventricles to optimize stroke volume and
thereby cardiac output (Starling relationship); this can be at-
tained typically by increasing filling pressures to 12 to 18
mmHg. The usual initial bolus dose of i.v. fluids (IVF) is 10
to 20 ml/kg. Both crystalloid and colloid (hetastarch, albu-
min) solutions are effective, but balanced salt solutions are
the most cost-effective initial choice because of their low cost
and physiological concentrations of salts (large volumes can
be infused with minimal changes in serum electrolytes).6 In-
fusion of blood products is reserved for specific therapy of
anemia or coagulopathy (see Chapter 10).

Once preload has been optimized, distributive forms of
shock are treated with agents that increase afterload (Table
10.3). Doses of the alpha-adrenergic receptor agonists nor-
epinephrine, epinephrine, phenylephrine, or dopamine are
titrated to maintain blood pressure at an arbitrary level, typ-
ically a mean arterial pressure (MAP) of 60 to 65 mmHg.

For shock secondary to myocardial failure, a number of
pharmacological agents are available to increase cardiac con-
tractility (see Table 10.3). The drugs used most commonly
are dobutamine, dopamine, and phosphodiesterase inhibitors
such as amrinone.

A heart rate of approximately 90 bpm is regarded as opti-
mal in patients with shock. Lower heart rates decrease oxy-
gen demand (thereby protecting the myocardium) but do so
at the expense of cardiac output. Dopamine and dobutamine
can be titrated to increase heart rate and cardiac index; at-
ropine and isoproteronol are used in the setting of bradycar-
diac emergencies. When preload is adequate, heart rates
higher than 90 bpm may increase cardiac index but also in-
crease oxygen demand and the possibility of myocardial 
ischemia. Heart rates greater than approximately 140 bpm in
adults are associated with inadequate diastolic filling and re-
sultant decreased cardiac index.

Historically, resuscitation endpoints have include nor-
malization of vital signs and indicators of organ perfusion (res-
olution of oliguria, hyperlactatemia, and acidemia). Other
endpoints such as supranormal oxygen activity, subcutaneous
tissue oximetry, and gastric tonometry remain controversial
or investigational.

Prognosis

Shock, especially refractory shock requiring vasopressor ther-
apy, is a robust predictor of increased mortality. Persistent
hyperlactatemia is also accurate,7,8 suggesting that prolonged
tissue hypoperfusion may play a role in determining outcome.
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TABLE 10.1. Etiology of Brain Dysfunction in the ICU.

Neuroactive drugs (H2-blockers, acyclovir)
Neurotoxin accumulation secondary to renal dysfunction
Hepatic encephalopathy
Septic encephalopathy
Ethanol or drug (benzodiazepine) withdrawal
Catecholamine excess associated with the neurohumoral response

to stress
“Sundowning” (nighttime psychomotor agitation)
Cerebrovascular event (stroke)
Meningitis

TABLE 10.2. Modified Ramsay Sedation Scale.

Level Findings

1 Awake, anxious, agitated, or restless
2 Awake, cooperative, oriented, and tranquil
3 Awake, responds to commands only
4 Asleep or drowsy, responds to loud auditory stimulus or

light glabellar tap
5 Asleep, unresponsive to loud auditory stimulus or glabel-

lar tap, but responds when prodded
6 Asleep, unresponsive to loud auditory stimulus, glabellar

tap, or prodding
UTO Chemically paralyzed



Pulmonary Dysfunction

Definitions

The patient with respiratory (pulmonary) insufficiency is able
to compensate, through increased minute ventilation, for pul-
monary dysfunction (normal minute ventilation is approxi-
mately 60–80 ml/kg/min). Respiratory failure describes the
patient who requires exogenous support (mechanical ventila-
tion) because increased ventilatory requirements outstrip
their ability to compensate (minute ventilation typically in
excess of 150 ml/kg/min). A consensus conference of inves-
tigators in Europe and America identified two grades of res-
piratory failure secondary to injury: acute lung injury (ALI)
and acute respiratory distress syndrome (ARDS, previously
known as adult respiratory distress syndrome).9

Etiology and Pathophysiology

Pulmonary insufficiency results from impaired diffusion of
oxygen or carbon dioxide at the alveolar–capillary (respira-
tory) interface. Although there are myriad causes (Table 10.4),
the underlying adaptive response is similar. Worsening diffu-
sion at the respiratory interface decreases the efficiency of
alveolar ventilation, and hypoxia or hypercapnia ensue. As a
consequence, respiratory drive increases, manifested clini-
cally as tachypnea and dyspnea. This condition is often ex-
acerbated by decreased pulmonary compliance, a consequence
of disease-induced decreased lung elasticity and surfactant
production. So long as the increased work of breathing can be
met, pulmonary insufficiency remains compensated. As the
degree of respiratory efficiency worsens or the patient tires,
compensated respiratory insufficiency evolves into uncom-
pensated insufficiency and frank respiratory failure. Therapy
is aimed at reversing hypoxemia by increasing the fraction of
inspired oxygen (FiO2) or supporting the work of breathing by
initiating mechanical ventilation.

Diagnosis

The signs and symptoms of respiratory insufficiency include
dyspnea, tachypnea, cyanosis, and use of accessory respira-
tory muscles. Blood gases and oximetry typically indicate
relative hypoxemia (oxyhemoglobin saturation of 90%–92%)
concomitant with respiratory alkalosis. As compensatory ef-
forts fail with progressive hypoxemia and hypercapnia, res-
piratory efforts weaken and an agonal (gasping) respiratory
pattern is observed; this is manifested by profound hypox-
emia and respiratory acidosis. Respiratory failure due to in-
terstitial or alveolar disease (see Table 10.4) is accompanied
by infiltrates seen on plain chest radiographs. The differen-
tial of pulmonary infiltrates includes increased lung water
secondary to transudate (e.g., congestive heart failure), exu-
date (e.g., acute lung injury or ARDS), pus (e.g., pneumonia),
blood (e.g., intraparenchymal hemorrhage), or gastric fluid
(e.g., aspiration).
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TABLE 10.3. Vasoactive Drugs and Receptor Activities for the Treatment of Shock.

Systemic
Isotrope

Renal Coronary
Blood vascular Cardiac Heart Low- High- blood blood

Class and drug pressure resistance output rate dose dose flow flow MvO2

Alpha only ��� ���� ��� ��� � � ���� ��� �
Phenylephrine

Alpha and beta
Norepinephrine �� ��� �� ��� � � ���� �� ��
Epinephrine �� �� �� ��� �� ��� �� �� ���
Dopamine �� �� �� � � �� ��� �� ��

Beta only
Isoproterenol �� �� ���� ���� ��� ���� � ��� ����
Dobutamine �� ��� ��� �� ��� ��� � ��� ���

Beta-blocker
Propanolol �� � ��� ���� �� ��� � �� ���
Metoprolol ��� � �� ��� �� ��� � �� ��

Other
Nitroglycerine �� �� �� � � � �� � ��
Hydralazine ��� ��� �� �� � � �� � ��
Prazosin ��� �� �� � � � �� � ��
Nitroprusside �� ��� ��� �� � � �� � ��

Source: T.W. Pettitt and J.P. Cobb. Critical care. In: The Washington Manual of Surgery, edited by G.M. Doherty, D.S. Bauman, L.L. Creswell, J.A. Goss, and
T.C. Lairmore. Philadelphia: Lippincott-Williams & Wilkins, 1996:166 with permission.

TABLE 10.4. Common Causes of Respiratory Insufficiency 
and Failure.

Inadequate ventilation
Airway obstruction
Atelectasis
Reactive airway disease (e.g., asthma)
Drug overdose
Nerve injury (e.g., spinal cord, phrenic nerve)
Respiratory muscle weakness (e.g., Guillian–Barre syndrome)

Inadequate perfusion
Pulmonary embolism
Right-to-left cardiac shunt

Inadequate ventilation and perfusion
Chronic obstructive pulmonary disease (COPD)
Adult respiratory distress syndrome (ARDS)
Pneumonia
Pulmonary venous hypertension (e.g., congestive heart failure)
Tension pneumothorax



Treatment

The goal of supportive therapy for acute respiratory failure is
to improve gas exchange while allowing the lungs to heal.
Several devices are available to increase (supplement) FiO2,
ranging from nasal cannula (FiO2, 0.24–0.30) to reservoir
masks (FiO2, 0.80–1.0). Short-term (�24-h) mechanical sup-
port can be provided noninvasively (i.e., without use of an en-
dotracheal airway) using a bag-mask apparatus or a nasal mask
connected to a small, specialized ventilator (bilevel positive
airway pressure, BiPAP®).

The mainstay of ventilatory support is invasive ventila-
tion through an entodotracheal tube placed via the nose,
mouth, or neck (tracheostomy). “Conventional” modes of
ventilation are compared in Table 10.5 and depicted graphi-
cally in Fig. 10.1.

INITIATING VENTILATOR SUPPORT

Because volume-limited modes are used most commonly, the
first order is to determine the size of VT. The goal is to opti-
mize lung expansion (thus decreasing the risk of atelectasis)
while minimizing the risk of barotrauma. Current opinion
suggests that a VT that creates a peak inspiratory pressure
(PIP) of 20 to 25 cm H2O is ideal; this is typically produced
by a VT of 5 to 8 ml/kg body weight.10,11 PEEP is used also
to prevent atelectasis; it is typically set at 5 cm H2O (“phys-
iological” PEEP). The ventilator rate is then set to deliver a
minute ventilation (VE � VT � rate) that keeps the PaCO2 nor-
mal (35–45 mmHg). The FiO2 is titrated down from 1.0 to 0.4
to keep the SaO2 greater than or equal to 92% to 95%.12

OPTIONS FOR SEVERE RESPIRATORY FAILURE

Collapsed lung units characteristic of severe lung injury and
ARDS can be recruited to improve alveolar ventilation by in-
creasing PEEP as needed up to 15 to 20 cm H2O.13 As the con-
dition of the lungs deteriorates and pulmonary compliance de-
creases, the PIP for a typical 5 to 7 ml/kg VT may reach a level
(�60 cm H2O) consistent with severe barotrauma (e.g., tension
pneumothoraces). In these instances, resistance to gas flow can
be minimized by relief of increased intraabdominal pressure if
present (see abdominal compartment syndrome) and the use of
sedatives and muscle relaxants. Pressure-limited ventilator
modes (e.g., pressure control ventilation) may be useful in these
instances because they allow the clinician to limit (control) the
PIP and thereby minimize the risk of barotrauma. Other po-
tential ventilator manipulations are listed in Table 10.6.

DISCONTINUATION OF MECHANICAL VENTILATION

Several strategies for discontinuation of ventilation (“wean-
ing” the patient off the ventilator) have been compared re-
cently. The time-honored approach consists of gradually de-
creasing the minute ventilation supported by or initiated by
the machine, allowing the patient to supply the difference.
This strategy is aimed at strengthening the respiratory mus-
cles that are presumably made weak by disease or by days to
weeks of ventilator support. The tactic usually involves
switching the patient to a mode that combines IMV plus PSV,
and then decreasing the rate of machine-initiated breaths
while supporting patient-initiated breaths with enough pres-
sure to generate adequate VT. This strategy of weaning is fre-
quently operated most efficiently by protocol.14 The results of

prospective, randomized controlled clinical trials, however, do
not support the concept that the diaphragm needs condition-
ing or strengthening during prolonged mechanical ventilation.
Instead, it appears that more or less complete support with
prompt recognition of the absence of respiratory failure by a
once-daily trial of spontaneous breathing (T-piece trial) is sig-
nificantly better than traditional IMV weaning.15,16 The most
important part of weaning, therefore, may be simply recog-
nizing when the patient is capable of unassisted breathing.

EXTUBATION

Currently, the ratio of respiratory frequency to VT/(f/VT) is
regarded as a reliable indicator of successful extubation, based
upon a prospective, blinded comparative trial of extubation
criteria in critically ill medical patients that indicated a sen-
sitivity of 81% and a specificity of 89% for an f/VT less than
80.17,18 Patients who are unsuccessfully extubated, especially
if prolonged respiratory insufficiency is anticipated, may ben-
efit from tracheostomy.

Prognosis

The outcome for patients with severe respiratory failure and
ARDS has improved over the last decade. Abnormalities of
gas exchange may persist long term, but lung mechanics in
survivors return to normal values within 1 year of hospital
discharge.10

Gastrointestinal Dysfunction

Nutrition

Most experimental models indicate that perfusion to the in-
testinal tract decreases as a result of the adaptive response to
severe injury and that intestinal secretions and motility de-
crease. This change is manifested clinically as intestinal ileus
and food intolerance. Loss of mucosal integrity can be demon-
strated endoscopically, the result of intestinal villus and ep-
ithelial cell loss.

Gastrointestinal Hemorrhage

As a result of loss of intestinal mucosal integrity, critically
ill patients are at increased risk for GI hemorrhage, particu-
larly those who are coagulopathic and require mechanical
ventilation. Strong data exist to support the use of drugs to
maintain gastric and duodenal mucosal integrity in patients
at risk. The best available evidence supports the use of H2-
blockers (ranitidine) in critically ill patients with respiratory
failure requiring mechanical ventilation for more than 48 h
or in those with coagulopathy.19

Renal Dysfunction

Definitions and Pathophysiology

The kidney resorbs more than 99% of the plasma filtered by
the glomerulus (normally about 120 ml/min or 7.2 l/h). This
matching of glomerular filtration and tubular resorption is 
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FIGURE 10.1.  Conventional ventilator modes. Shown above are
the pressure versus time graphs for the four most common modes.
The curves are divided into two general groups, based upon
whether the tidal volume (VT) or peak inspiratory pressure (PIP) is
set (volume-limited and pressure-limited modes, respectively). For
volume-limited modes (A), the VT is set and the PIP varies from
breath to breath. For pressure-limited modes, the PIP is set and 
the VT varies. The four curves on the left correspond to typical 
patient-initiated breaths and those on the right to machine-initi-
ated breaths. Inspiration for each of the eight breaths shown begins
at 5 cm H2O PEEP (peak end-expiratory pressure). During patient-
initiated breaths, the pressure drops in the circuit as the ventila-
tory muscle contract; this change in pressure is calibrated (the
“sensitivity”) to trigger opening of the inspiratory valve on the
ventilator. Thereafter, pressure increases until the VT is delivered
(for volume-limited modes) or the PIP is reached (for pressure-lim-
ited modes). The pressure in the circuit decreases when the inspira-
tory valve closes and the expiratory valve opens, allowing passive
exhalation (triggered in pressure limited modes by a predetermined
threshold decrease in inspiratory flow). Note that the patient-initi-
ated and ventilator-initiated curves are similar during A/C and
PCV, resulting in a low work of breathing (useful for ventilating
heavily sedated patients or those with weak respiratory efforts). On
the other hand, intermittent mandatory ventilation (IMV) provides
no inspiratory support for patient-initiated breaths, while pressure
support ventilation (PSV) has no set respiratory rate to provide ma-
chine-initiated backup should the patient stop making respiratory
efforts. The most commonly used mode is a combination IMV 
plus PSV.

TABLE 10.5. “Conventional” Ventilator Modes.

Mode Description Advantages Disadvantages Uses

A. Volume-limited Set tidal volume; peak Ensures adequate tidal Barotrauma in those 
inspiratory pressure volume with very poor lung 
varies compliance

1. Assist/control Both spontaneous (patient- Minimal work of Easy for patient to Weak, heavily
(A/C) initiated, “assisted”) and breathing hyperventilate, sedated, or paralyzed

(“controlled”) breaths Makes assessment of
ventilatory muscle 

have same tidal volume strength difficult
to evaluate

2. Intermittent Tidal volume of machine- Allows gradual decrease No support for Often used in
mandatory initiated (“mandatory”) of support by decreasing spontaneous breaths combination with
ventilation breaths set; no ventilator rate of mandatory PSV for weaning
(IMV) support for spontaneous breaths

breaths
B. Pressure-limited Set peak inspiratory Decreased risk of Does not ensure tidal 

pressure; tidal volume barotrauma volume
varies

1. Pressure Inspiratory pressure and Inverse ratio ventilation Requires heavy sedation Patients with very
control rate set (IRV); increased alveolar and/or paralytics poor lung compliance
ventilation “recruitment”
(PCV)

2. Pressure Inspiratory pressure set; Most comfortable of the Increased risk of Awake patients;
support no rate conventional modes hypoventilation often used in
ventilation combination with
(PSV) IMV for weaning



essential to maintenance of normal fluid balance. If this did
not occur, for example, then decreased resorption in the face
of normal filtration would very quickly result in profound hy-
povolemia and shock. The most common presentation of re-
nal dysfunction is decreased urine output (oliguria), usually
accompanied by increased levels of compounds cleared by the
kidney, that is, blood urea nitrogen (BUN) and serum creati-
nine (Cr). Anuria is defined as urine output less than 100
ml/day and requires renal replacement therapy (approxi-
mately 5% of all ICU admissions). Renal dysfunction can also
present as polyuria when decreased fluid resorption is not cou-
pled with decreased glomerular filtration (high-output renal
dysfunction). When renal insufficiency progresses to the point
that renal replacement therapy is indicated, the term renal
failure is used.

Etiology and Diagnosis

Traditionally, the etiology of renal failure has been divided
into three categories: prerenal, intrarenal, and postrenal
causes.20 A careful history and review of the medical record
are essential to making the correct diagnosis. Prerenal renal
failure is a common cause (40%–70%) of renal insufficiency
in the ICU, frequently as a result of perioperative hypovo-
lemia, hypotension, decreased cardiac output, or intraopera-
tive vascular manipulation (e.g., placement of a suprarenal aor-
tic cross-clamp). The rise in BUN is typically greater than the
rise in the serum creatinine, and the ratio of BUN to Cr is
greater than 20. The tubular concentrating ability of the
nephrons is normal and thus the urine osmolality and frac-
tional excretion of sodium remain normal (�500 mOsm and
FENa � 1, respectively).

Intrarenal failure is caused by tubular injury resulting
from ischemia or toxins. Nephrotoxins frequently encoun-
tered by surgical ICU patients include aminoglycoside an-
tibiotics, i.v. radiocontrast agents, amphotericin, chemother-
apeutic drugs (e.g., cisplatin), and myoglogin. Patients with
preexisting renal disease or with diabetes are particularly vul-
nerable. Because the ability of the tubules to concentrate is
compromised, urine osmolality is typically low (�350 mOsm)
and the FENa is greater than 1.

Postrenal dysfunction is caused by tubular pressure-in-
duced injury secondary to obstruction of flow, which may be
caused by direct intraoperative injury or manipulation,
prostate disease (hypertrophy or cancer), clot in the urinary

system, or extrinsic compression from pelvic tumors (e.g., cer-
vical cancer). Urinary catheter obstruction must always be
ruled out, typically by flushing and aspirating the catheter
with a sterile saline to confirm the absence of resistance to
flow. Ultrasound examination of the urinary system can be
used to rule out hydronephrosis as a consequence of distal
urinary obstruction.

Abdominal Compartment Syndrome

Increased intraabdominal pressure results from massive tis-
sue or bowel edema within the abdominal compartment, fre-
quently but not always accompanied by abdominal packing
and retroperitoneal hemorrhage as a complication of severe
trauma. Intraabdominal hypertension (pressure �20 cm H2O)
progressively decreases renal perfusion while retarding renal
venous and urinary outflow, thereby inducing renal injury by
a poorly understood combination of pre-, intra-, and postre-
nal insults. Assessment of urinary bladder pressure via an in-
dwelling (Foley) catheter serves as an indirect but accurate
measure of intraabdominal pressure.21 Pressures greater than
25 cm H2O demand intervention, typically release of pressure
by reexploration of the abdomen, evacuation of blood clots,
removal of abdominal packs, and closure of the abdomen with
absorbable mesh. The kidneys usually respond to the relief
of intraabdominal hypertension with a brisk diuresis.

Treatment

The initial therapy of renal dysfunction is supportive, aimed
at minimizing ongoing injury by optimizing perfusion and
discontinuing potentially nephrotoxic agents. Measurement
of left- or right-sided cardiac filling pressures (CVP or PCWP,
respectively) can be used to guide fluid management and op-
timization of cardiac output. The use of low-dose dopamine
or diuretics (e.g., furosemide, mannitol) to increase urine out-
put per se has not been shown to improve either renal func-
tion or outcome.22 The dosages of medications that are ex-
creted predominantly by the kidneys should be adjusted for
the degree of renal dysfunction.

Indications for renal replacement therapy (dialysis) in-
clude hypervolemia-induced congestive heart failure, uremia
manifested by pericarditis or encephalopathy, acidemia with
a pH below 7.20, hyperkalemia unresponsive to medical man-
agement, and hemorrhage associated with uremia-induced
platelet dysfunction.

Intermittent hemodialysis23 is the method of choice for re-
nal replacement therapy. The disadvantage of this technique is
that some degree of hemodynamic impairment usually results
as a consequence of rapid, large fluid shifts from the intravas-
cular compartment to the dialysis machine.

For hemodynamically unstable patients, however, con-
tinuous hemodialysis by vein (continuous venovenous he-
modialysis, CVVHD) may be more appropriate.24 CVVHD de-
creases the rate of fluid redistribution and thus may be
associated with more stability, with the added benefit of per-
mitting more precise control of fluid and electrolyte balance.
The disadvantage of this type of dialysis is that CVVHD usu-
ally requires systemic anticoagulation to prevent blood from
clotting in the dialysis filter and requires sophisticated nurs-
ing surveillance.
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TABLE 10.6. Options for Support of Severe Respiratory Failure.

Increase extrinsic PEEP
Increase MAWP using PCV
Create intrinsic PEEP using IRV
Inhaled nitric oxide
“Open lung” approach
Oscillatory ventilation
Permissive hypercapnia
Prone positioning
Partial liquid ventilation
ECMO

PEEP, positive end-expiratory pressure; MAWP, mean airway pressure; PCV,
pressure control ventilation; IRV, inverse ratio ventilation; ECMO, extracor-
poreal membrane oxygenators.



Hematological and 
Immunological Dysfunction

Coagulopathy

Major trauma significantly increases the risk of venous
thrombosis and thromboembolism. However, the adaptive
hypercoagulable response to stop trauma-induced hemorrhage
may be limited then by a counterregulatory response that re-
sults in some of the abnormalities measured.25 Factors com-
monly predisposing to coagulopathy in the ICU include he-
modilution, malnutrition (vitamin K deficiency), hepatic
insufficiency, consumption of factors by disseminated coag-
ulation, and hypothermia. Measured abnormalities in lab
tests, however, are usually not clinically significant as man-
ifested by overt hemorrhage, a tribute to the redundancy of
the coagulation system. The clinician should resist therefore
the temptation to correct mild to moderate coagulopathy and
thrombocytopenia in otherwise stable, nonbleeding patients. 

Anemia

Perioperative anemia is tolerated without evidence of signif-
icant organ failure or mortality down to a hemoglobin of ap-
proximately 7 g/dl (hematocrit, 20%). Conventional clinical
wisdom thus supported the use of red cell transfusion to keep
hemoglobin values in the “safe” range of 9 to 10 g/dl (hema-
tocrit, 27%–30%),26 particularly in critically ill patients with
preexisting cardiopulmonary disease. The effectiveness of this
approach, however, has recently been called into question,
and the results of several ongoing randomized studies on this
strategy are eagerly awaited.

Immunosuppression and Nosocomial Infection

The systemic inflammatory response to severe injury leads
to aberrations in adaptive immunity, resulting in immuno-
suppression. Coupled with the use of invasive devices (e.g.,
vascular catheters and endotracheal tubes) that bypass nor-
mal immune barriers such as the skin and respiratory ep-
ithelium, these changes put the ICU patients at very high risk
for developing nosocomial infections.
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Monitoring Techniques 
and Complications 

in Critical Care
Mitchell P. Fink

Ideally, patients are monitored to provide advanced warning
of impending deterioration in the status of one or more or-
gan systems so that appropriate steps can be taken in a

timely way to prevent or ameliorate the physiological de-
rangement. This chapter focuses on the hemodynamic mon-
itoring of the critically ill patient.

Systemic Arterial Pressure

The pressure exerted by blood in the systemic arterial system
is commonly referred to simply as blood pressure and is a 
cardinal parameter measured as part of the hemodynamic
monitoring of patients. Although we now know that arterial
blood pressure is a complex function of both cardiac output
and vascular input impedance, clinicians, especially inexpe-
rienced ones, tend to assume that the presence of a normal
blood pressure is evidence that cardiac output and tissue per-
fusion are adequate. This assumption, while often valid, is
frequently incorrect, and is the reason why some critically ill
patients may benefit from forms of hemodynamic monitor-
ing in addition to measurement of arterial pressure.

Noninvasive Measurement of Arterial Pressure

Both manual and automated means for the noninvasive de-
termination of blood pressure use an inflatable cuff to increase
pressure around an extremity. If the cuff is too narrow (rela-
tive to the extremity), the measured pressure will be artifac-
tually elevated. Therefore, the width of the cuff should be
about 40% of its circumference.

Methods for detection of blood pressure include oscillome-
try—detection of pressure oscillations in the inflatable bladder
encircling the extremity, use of a piezoelectric crystal posi-
tioned over the brachial artery as a pulse detector, and a tech-
nique called photoplethysmography, which can provide contin-
uous information because systolic and diastolic blood pressure
are recorded on a beat-to-beat basis. A recent clinical study sug-
gests that the most accurate are the oscillometric devices.1

1 1 3

Direct Measurement

Direct monitoring of arterial pressure is almost always per-
formed by using fluid-filled tubing to connect an intraarterial
catheter to an external strain gauge transducer. The signal gen-
erated by the transducer is electronically amplified and dis-
played as a continuous waveform by an oscilloscope. Digital
values for systolic and diastolic pressure are also displayed.
Mean pressure, calculated by electronically averaging the am-
plitude of the pressure waveform, also can be displayed.

The radial artery at the wrist is the site most commonly
used for intraarterial pressure monitoring. It is important to
recognize, however, that measured arterial pressure is deter-
mined in part by the site at which the pressure is monitored.
Typically, systolic pressures are higher and diastolic pressures
are lower in the periphery, whereas mean pressure is approx-
imately the same in the aorta and more distal sites. In cer-
tain circumstances femoral arterial monitoring may be prefer-
able to radial arterial monitoring. 

Distal ischemia is an uncommon complication of in-
traarterial catheterization. The incidence of thrombosis is in-
creased when larger-caliber catheters are employed and when
catheters are left in place for an extended period of time. The
incidence of thrombosis can be minimized by using a 20-
gauge (or smaller) catheter in the radial position and leaving
the catheter in place for as short a duration as feasible, prefer-
ably less than 4 days. The risk of distal ischemic injury can
be minimized by ensuring that adequate collateral flow is 
present. At the wrist, adequate collateral flow can be docu-
mented by performing a modified version of Allen’s test.

Cardiac Output and Related Parameters

Clearly, many clinicians must believe that information valu-
able for the management of critically ill patients is afforded
by having a pulmonary artery catheter (PAC) in place. Re-
markably, however, unambiguous data in support of this view
are scarce. Indeed, quite the opposite seems to be true; sev-
eral studies suggest that bedside pulmonary artery catheteri-



zation is associated with poorer outcomes in selected popu-
lations of patients. The controversy regarding the value of pul-
monary artery catheterization is reviewed next.

Placement of Central Venous 
or Swan–Ganz Catheters

Placement of a PAC requires access to the central venous cir-
culation. Such access can be obtained at a variety of sites, in-
cluding the antecubital, femoral, jugular, and subclavian
veins. In general, percutaneous placement through either the
jugular or subclavian vein is preferred. Right internal jugular
vein cannulation carries the lowest risk of complications, and
the path of the catheter from this site into the right atrium
is straight. Moreover, in the event of inadvertent arterial
puncture, local pressure is much more effective in control-
ling bleeding from the carotid as compared to the subclavian
artery. Nevertheless, it is more difficult to keep occlusive
dressings in place on the neck than in the subclavian fossa.
Furthermore, the anatomical landmarks in the subclavian po-
sition are quite constant, even in patients with anasarca or
massive obesity; the subclavian vein is always attached to the
deep (concave) surface of the clavicle. In contrast, the appro-
priate landmarks to guide jugular venous cannulation are
sometimes difficult to discern in obese or very edematous pa-
tients. However, ultrasonic imaging can facilitate jugular
venipuncture.2

Cannulation of the vein is normally performed percuta-
neously, using the Seldinger technique. A small-bore needle
is inserted through the skin and subcutaneous tissue into the
vein. After documenting return of nonpulsatile, venous blood,
a guidewire with a flexible tip is inserted through the needle
into the vein and the needle is withdrawn. If central venous
catheterization is all that is required, then a dilator is passed
over the wire to enlarge the subcutaneous tract and the 
hole in the vein. After the dilator is removed, a single- or 
multiple-lumen catheter (which has been previously flushed
with saline solution) is passed over the wire into the vein. The
wire is removed, and the catheter is connected through low
fluid-filled low-compliance tubing to a strain gauge transducer.

In its simplest form, the PAC has four channels. One
channel terminates in a balloon at the tip of the catheter. The
proximal end of this channel is connected to a syringe to per-
mit inflation of the balloon with air. Before insertion of the
PAC, the integrity of the balloon should be verified by in-
flating it. To minimize the risk of vascular or ventricular per-
foration by the relatively inflexible catheter, it also is im-
portant to verify that the inflated balloon extends just beyond
the tip of the device. A second channel in the catheter con-
tains wires that are connected to a thermistor located near
the tip of the catheter. At the proximal end of the PAC, the
wires terminate in an appropriate fitting that permits con-
nection to appropriate hardware for the calculation of cardiac
output using the thermodilution technique (see following).
The final two channels are used for pressure monitoring and
the injection of the thermal indicator for determinations of
cardiac output. One of these channels terminates at the tip
of the catheter; the other terminates 20 cm proximal to the
tip.

To insert a Swan–Ganz catheter, a guidewire is inserted
into a central vein as previously described. A dilator/intro-
ducer sheath is passed over the wire, and the wire and the

dilator are removed. The introducer sheath is equipped with
a side port, which can be used for administering fluid. The
introducer sheath also is equipped with a diaphragm that per-
mits insertion of the PAC while preventing the backflow of
venous blood. The proximal terminus of the distal port of the
PAC is connected through low-compliance tubing to a strain
gauge transducer, and the tubing-catheter system is flushed
with fluid. While one is constantly observing the pressure
tracing on an oscilloscope, the PAC is advanced with the bal-
loon deflated until respiratory excursions are observed. The
balloon is then inflated, and the catheter advanced further,
taking care to record pressures sequentially in the right atrium
and right ventricle en route to the pulmonary artery. The 
pressure waveforms for the right atrium, right ventricle, and
pulmonary artery are each very characteristic and easy to rec-
ognize (Fig. 11.1). The catheter is advanced out the pulmonary
artery until a damped tracing, indicative of the wedged posi-
tion, is obtained. The balloon is then deflated, taking care to
ensure that a normal pulmonary arterial tracing is again ob-
served on the monitor; leaving the balloon inflated can in-
crease the risk of pulmonary infarction or perforation of the
pulmonary artery.

Hemodynamic Measurements

By combining data obtained through use of the PAC with re-
sults obtained by other means (blood hemoglobin concentra-
tion and saturation), derived estimates of systemic oxygen
transport and utilization can be calculated. Direct and derived
parameters obtainable by bedside pulmonary arterial catheter-
ization are summarized in Table 11.1. The equations used to
calculate the derived parameters are summarized in Table
11.2. The approximate normal ranges for a number of these
hemodynamic parameters (in adults) are shown in Table 11.3.

Measurement of Cardiac Output 
by Thermodilution

The principle underlying the thermodilution method is
straightforward. If a bolus of an indicator is rapidly and thor-
oughly mixed with a moving fluid upstream from a detector,
then the concentration of the indicator at the detector will
increase sharply and then exponentially diminish back to
zero. The area under the resulting time–concentration curve
is a function of the volume of indicator injected and the flow
rate of the moving stream of fluid; larger volumes of indica-
tor result in greater areas under the curve, and faster flow
rates of the mixing fluid result in smaller areas under the
curve. When QT is measured by theromodilution, the indi-
cator is heat and the detector is a temperature-sensing ther-
mistor at the distal end of the PAC. The relationship used for
calculating QT is called the Stewart–Hamilton equation:

QT � [V � (TB � TI) � K1 � K2] � � TB (t) dt

where V is the volume of the indicator injected, TB is the tem-
perature of blood (i.e., core body temperature), TI is the tem-
perature of the indicator, K1 is a constant that is a function
of the specific heats of blood and the indicator, K2 is an em-
pirically derived constant that accounts for several factors (the
dead space volume of the catheter, heat lost from the indi-
cator as it traverses the catheter, and the injection rate of the

1 1 4 CHAPTER 11



indicator), and � TB (t) s is the area under the time–tempera-
ture curve. In clinical practice, the Stewart–Hamilton equa-
tion is solved by a microprocessor.

The thermodilution method is generally quite accurate,
although QT tends to be systematically overestimated at very
low values.3 Changes in blood temperature and QT during the
respiratory cycle can influence the measurement. Therefore,
results generally should be recorded as the mean of two or
three determinations obtained at random points in the respi-
ratory cycle. Most authorities recommend using room tem-
perature injectate (normal saline or 5% dextrose in water) to
minimize errors resulting from warming of the fluid as it is
transferred from its reservoir to a syringe for injection.

Mixed Venous Oximetry

The Fick equation, QT � VO2/(CaO2 � CvO2), can be re-
arranged as follows: CvO2 � CaO2 � VO2/QT. If the small con-
tribution of dissolved oxygen to CvO2 and CaO2 is ignored,
the rearranged equation can be rewritten: SvO2 � SaO2 �
VO2/(QT � Hgb � 1.36). Thus, it can be seen that SvO2 is a
function of VO2 (i.e., metabolic rate), QT, SaO2, and Hgb. Ac-
cordingly, subnormal values of SvO2 can be caused by a de-
crease in QT (due, for example, to heart failure or hypo-
volemia), a decrease in SaO2 (due, for example, to intrinsic
pulmonary disease), a decrease in Hgb (i.e., anemia), or an in-
crease in metabolic rate (due, for example, to seizures or
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FIGURE 11.1.  Stylized representation of the characteristic pressure
tracings recorded during passage of a balloon-tipped (Swan-Ganz) pul-
monary artery catheter as the tip of the device transverses in turn
the right atrium (RA), right ventricle (RV), and pulmonary artery (PA).
The final part of the tracing depicts the small pressure changes typ-
ically observed when the device is in the wedge or occlusion posi-
tion (PAWP).

TABLE 11.1. Directly Measured and Derived Hemodynamic Data
Obtainable by Bedside Pulmonary Artery Catheterization (PAC).

PAC with 
Standard PAC additional feature(s) Derived parameters

CVP SvO2 (continuous) SV
PPA QT or QT* SVR (or SVRI)

(continuous)
PPAO RVEF PVR (or PVRI)
SvO2 (intermittent) RVEDV
QT or QT* (intermittent) DO2

VO2
ER
QS/QT

CVP, mean central venous pressure; PPA, pulmonary artery pressure; PPAO,
pulmonary artery occlusion (“wedge”) pressure; SvO2, fractional mixed venous
(pulmonary artery) hemoglobin saturation; QT, cardiac output; QT*, cardiac
output indexed to body surface area (“cardiac index”); RVEF, right ventricu-
lar ejection fraction; SV, stroke volume; SVR, systemic vascular resistance;
SVRI, systemic vascular resistance index; RVEDV, right ventricular end-dias-
tolic volume; DO2, systemic oxygen delivery; VO2, systemic oxygen utiliza-
tion; ER, systemic oxygen extraction ratio; QS/QT, fractional pulmonary ve-
nous admixture (“shunt fraction”).

TABLE 11.2. Formulas for Calculation of Hemodynamic Parameters, Which Can Be Derived by 
Using Data Obtained by Pulmonary Artery Catheterization.

QT* (L�min�1�M�2) � QT/BSA, where BSA is body surface area (M2)
SV (ml) � QT/HR, where HR is heart rate (min�1)
SVR (dyne�sec�cm�5) � [(MAP � CVP) � 80]/QT, where MAP is mean arterial pressure (mmHg)
SVRI (dyne�sec�cm�5�M�2) � [(MAP � CVP) � 80]/QT*
PVR (dyne�sec�cm�5) � [(PPA � PPAO) � 80]/QT, where PPA is mean pulmonary artery pressure
PVRI (dyne�sec�cm�5�M�2) � [(PPA � PPAO) � 80]/QT*
RVEDV (ml) � SV/RVEF
DO2 (ml�min�1�M�2) � QT* � CaO2 � 10, where CaO2 is arterial oxygen content (ml/dl)
VO2 (ml�min�1�M�2) � QT* � (CaO2 � CvO2) � 10, where CvO2 is mixed venous oxygen content

(ml/dl)
CaO2 � 1.36 � Hgb � SaO2) � (0.003 � PaO2), where Hgb is hemoglobin concentration (g/dl), SaO2 is

fractional arterial hemoglobin saturation, and PaO2 is the partial pressure of oxygen in arterial
blood

CvO2 � (1.36 � Hgb � SvO2) � (0.003 � PvO2), where PaO2 is the partial pressure of oxygen in pul-
monary arterial (mixed venous) blood

QS/QT � (CcO2 � CaO2)/(CcO2 � CvO2), where CcO2 (ml/dl) is the content of oxygen in pulmonary end
capillary blood

CcO2 � (1.36 � Hgb) � (0.003 � PAO2), where PAO2 is the alveolar partial pressure of oxygen
PAO2 � [FIO2 � (PB � PH2O)] � PaCO2/RQ, where FIO2 is the fractional concentration of inspired oxygen,

PB is the barometric pressure (mmHg), PH2O is the water vapor pressure [usually 40 is the partial
pressure of carbon dioxide in arterial blood (mmHg)], and RQ is respiratory quotient (usually as-
sumed to be 0.8)



fever). With a conventional PAC, measurements of SvO2 re-
quire aspirating a sample of blood from the distal (i.e., pul-
monary arterial) port of the catheter and injecting the sam-
ple into a blood gas analyzer. On practical grounds, therefore,
measurements of SvO2 can be performed only intermittently.
By adding a fifth channel to the PAC, it has become possible
to monitor SvO2 continuously, but data are lacking to show
that this capability favorably improves outcome.4–7

Right Ventricular Ejection Fraction

Ejection fraction (EF) is the fraction of the end-diastolic vol-
ume of blood in the ventricle remaining in the chamber 
at the end of systole, and is an ejection-phase measure of myo-
cardial contractility. By equipping a PAC with a thermistor
with a short time constant, the thermodilution method can
be used to estimate RVEF. Data are lacking to show that out-
comes are improved by making measurements of RVEF in ad-
dition to QT and other parameters measured by the conven-
tional PAC.

Effect of Pulmonary Artery 
Catheterization on Outcome

In a recent study, two groups of patients, those who did and
those who did not undergo placement of a PAC during their
first 24 h of ICU care, were compared. The investigators con-
cluded that placement of a pulmonary artery catheter during
the first 24 h of stay in an ICU is associated with a signifi-
cant increase in the risk of mortality, even when statistical
methods are used to account for severity of illness.

These results actually confirmed those of two prior ob-
servational studies, although in neither of these earlier re-
ports did the authors conclude that placement of a PAC was
truly the cause of worsened survival after myocardial in-
farction.

Relatively few prospective, randomized controlled trials
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TABLE 11.3.   Approximate Normal Ranges for Selected 
Hemodynamic Parameters in Adults.

Parameter Normal range

CVP 0–6 mmHg
Right ventricular systolic pressure 20–30 mmHg
Right ventricular diastolic pressure 0–6 mmHg
PAOP 6–12 mmHg
Systolic arterial pressure 100–130 mmHg
Diastolic arterial pressure 60–90 mmHg
MAP 75–100 mmHg
QT 4–6 l/min
QT* 2.5–3.5 l�min�1�M�2

SV 40–80 ml
SVR 800–1400 dyne�sec�cm�5

SVRI 1500–2400 dyne�sec-cm�5�M�2

PVR 100–150 dyne�sec-cm�5

PVRI 200–400 dyne�sec�cm�5�M�2

CaO2 16–22 ml/dl
CvO2 12–17 ml/dl
DO2 400–660 ml�min�1�M�2

VO2 115–165 ml�min�1�M�2

TABLE 11.4.   Suggested Exclusion Criteria for Perioperative 
Monitoring Without Use of a PAC in Patients Undergoing 
Cardiac or Major Vascular Surgical Procedures.

Anticipated need for suprarenal or supraceliac aortic cross-clamp-
ing

History of myocardial infarction during 3 months before operation
History of poorly compensated congestive heart failure
History of coronary artery bypass graft surgery during 6 weeks be-

fore operation
History of ongoing symptomatic mitral or aortic valvular heart

disease
History of ongoing unstable angina pectoris

of pulmonary artery catheterization have been performed.8–13

The limitations of these studies notwithstanding, the
weight of current evidence suggests that routine pulmonary
artery catheterization is not necessary for patients under-
going cardiac or major peripheral vascular surgical proce-
dures. Based upon the exclusion criteria used in two recent
prospective randomized trials, reasonable criteria for peri-
operative monitoring without use of a PAC are presented
in Table 11.4.

One of the reasons for using a PAC to monitor critically
ill patients is to optimize cardiac output and systemic oxy-
gen delivery. Defining what constitutes the optimum cardiac
output, however, has proven to be difficult. 

It has been suggested that failure of PAC-directed moni-
toring to demonstrate a clear benefit may be due to adverse
events related to catheter placement, inaccurate date genera-
tion, or clinical misinterpretation of obtained measurements.
In any case, PAC use remains controversial and judicious ap-
plication is warranted.

Doppler Ultrasonography

When ultrasonic sound waves are reflected by moving ery-
throcytes in the bloodstream, the frequency of the reflected
signal is increased or decreased, depending on whether the
cells are moving toward or away from the ultrasonic source
(Doppler shift). Measurements of the Doppler shift can be
used to calculate red blood cell velocity. With knowledge of
both the cross-sectional area of a vessel and the mean red
blood cell velocity of the blood flowing through it, one can
calculate blood flow rate.

Transesophageal transducers utilizing these properties ap-
pear to provide sufficiently accurate measurements of QT and
may be clinically useful because of their ability to provide a
continuous readout.

Impedance Cardiography

Because of insufficient reliability, impedence cardiography
cannot be recommended at the present time for hemodynamic
monitoring of critically ill patients.

Other Noninvasive Methods

The pressure waveform obtained by photoplethysmography
can be used to estimate the aortic flow waveform and thereby
estimate QT. Unfortunately, the results obtained are not suf-
ficiently accurate to be used clinically.14



Tissue Capnometry

In theory, knowing that tissue pH is not in the acid range
should be enough information to conclude that perfusion
(and, for that matter, arterial oxygen content) are sufficient
to meet the metabolic demands of the cells. By the same to-
ken, the detection of tissue acidosis should alert the clini-
cian to the possibility that perfusion is inadequate.

Unfortunately, the notion of using tonometric estimates of
gastrointestinal mucosal pHi for monitoring perfusion is pred-
icated by a number of assumptions, some of which may be par-
tially or completely invalid. Furthermore, currently available
methods for performing measurements of gastric mucosal PCO2

in the clinical setting remain rather cumbersome and expen-
sive. Perhaps for these reasons, gastric tonometry for moni-
toring critically ill patients remains largely a research tool and
is far from being adopted as a standard of practice. Neverthe-
less, some recent developments in the field may be changing
this situation, and monitoring tissue PCO2 seems likely to be-
come common in emergency departments, intensive care
units, and operating rooms in the relatively near future.
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Burns
Roger W. Yurt

The magnitude of the problem of burn injury and the
need for all physicians to be prepared to care for these
patients is demonstrated by the fact that in the United

States alone 1.25 million people each year sustain burn in-
jury with 51,000 requiring hospitalization.1 The impact on
society is not just measured in the annual mortality rate of
5,500 persons, but by the long-term morbidity arising from
organ dysfunction and mechanical, psychological, and cos-
metic disability.

Evaluation of the Patient

The initial evaluation of the patient with burn injury is the
same as with all victims of traumatic injury and should pro-
ceed as recommended in the Advanced Trauma Life Support
course of the American College of Surgeons.2 First, attention
is turned to maintenance of airway, breathing, and circula-
tion. Although some aspects of the evaluation are specific
with regard to burns, for example, inhalation injury, it should
always be remembered that a burn-injured patient may have
multiple system injury. Only the aspects of evaluation that
are peculiar to the burn-injured patient are emphasized in this
chapter.

Extent of Burn Injury

The extent of injury sustained from tissue damage by burning
is more easily quantified than in most other types of trauma.
A knowledge of the surface area involved and the depth of in-
jury assists in determining a prognosis for the patient and is
used to guide fluid resuscitation and to develop a plan of care.
The area of the body surface that has been injured can be es-
timated in adults by using the rule of nines, which divides the
surface area into sections or multiples of 9% (Fig. 12.1). Al-
though the use of this estimate is helpful in initial assessment
and triage of patients, a more exact measurement should be
made using a Lund & Browder chart or Berkow’s formula.3 A
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section taken from the patient chart used at the Burn Center
of the New York Presbyterian Hospital (Fig. 12.1) shows the
distribution of surface area at several different ages. It is es-
sential that such a chart be used when children are evaluated
because the distribution of body surface area varies with age.

The determination of the depth of injury presents a greater
challenge because the clinical findings are not exact ex-
cept in the extremes and the wound is dynamic. A partial-
thickness burn involves the outer layer of the skin and may
extend into the dermis. This wound, commonly termed a sec-
ond-degree burn, is characterized by blistering of the skin and
is red, moist, and painful; sensation is intact. This depth of
injury is further subdivided into superficial and deep partial-
thickness injury. The clinical differentiation of these differ-
ent depths of injury is challenging as evidenced by the fact
that even experienced burn surgeons are able to accurately
determine depth of injury only 64% of the time.4 The only
absolute way to confirm the depth of injury is by the length
of time it takes these injuries to heal. A superficial partial-
thickness burn should heal within 2 weeks, whereas a deep
partial-thickness wound takes 3 weeks to reepithelialize. 
Figure 12.2 depicts a cross section of skin with indication of
the various depths of injury. As shown, the superficial burn
wound involves the epidermis, but spares islands of epider-
mis that provide the source of new epidermal covering. The
deep partial-thickness injury can only resurface from residual
epidermis from the organelles of the skin.

The clinical importance of differentiating between these
depths of injury lies in the recognition that a superficial
wound heals with minimal cosmetic or functional conse-
quence. The deep partial-thickness wound, although it will
heal given enough time, results in both cosmetic deformity
and disturbance of function. In this case skin grafting will im-
prove the outcome and is the preferred approach in this depth
of injury. Complicating the evaluation of depth of injury is
the fact that the wound evolves over a 3-day period and that
external influences such as adequacy of resuscitation, expo-
sure of the wound to noxious agents, and infection modify



the progression of the wound. Furthermore, wounds often are
of mixed depth such that evaluation of discrete areas may not
reflect the depth of the overall wound.

Full-thickness wounds are leathery, white or charred, dry,
and insensate. Because all the epidermis is destroyed (Fig.
12.2), these wounds can only heal by migration of epidermis
from the margins of the wound. During the process of heal-
ing, contraction occurs; this decreases the area that must be
epithelialized but leads to a poor cosmetic result and a wound
that is less resistant to trauma. Further, if the wound is ad-
jacent to or involves a joint, the function of the joint will be
impaired. Except for small surface area wounds, full-thick-
ness wounds should be either excised and closed primarily or
grafted with the patient’s skin.

Types of Injury

The pathophysiology involved in the wounds of a patient with
a burn injury is basically the same regardless of the cause. In
the superficial area of injury, coagulative necrosis occurs. In
this zone protein is irreversibly denatured and cellular in-
tegrity is lost.5 Adjacent to this zone is the zone of stasis in
which tissue is viable but subject to further necrosis as the
wound evolves. A third zone has been recognized below the
zone of stasis and is characterized as a zone of hyperemia.
The zones of stasis and hyperemia are the areas where the in-
flammatory response of the patient is initiated.

The depth of the coagulative necrosis that occurs in burns
which are caused by scalding, flame, or contact with a hot
object is directly related to the temperature, duration of ex-
posure, thickness of the tissue, and state of the blood supply
in the tissue.

Chemical burns cause denaturation of protein and dis-
ruption of cellular integrity. The degree of injury is depen-
dent on the time of exposure, the strength of the agent, and
the solubility of the agent in tissue. Alkali tends to penetrate
deeper into tissues than does an acid. One exception to this
is hydrofluoric acid, which penetrates lipid membranes very
readily. Table 12.1 provides a list of common agents that
cause burn injury.6

The major concern in evaluating patients who sustain elec-
trical injuries is that the surface injury, which may appear sim-
ilar to other burn injuries, is often not indicative of the extent
of injury. In the local area of injury subcutaneous tissue, mus-
cle, and bone may be injured. Electrical current follows the path
of least resistance and therefore will pass through nerve and
blood vessels preferentially7 and cause injury to these tissues.
If the current passes through the torso of the patient, organ in-
jury may result. Injury of the heart is primarily associated with
arrhythmia.8 Injury of other viscera including the pancreas9 and
gastrointestinal tract have been reported.10 Late sequelae of
electrical injury include the development of cataracts and trans-
verse myelitis of the spinal cord. These sequelae have been re-
ported to occur months or even years after electrical injury.11

Injury caused by exposure to ionizing radiation may be
limited to the skin but often is deeper. Because these wounds
do not heal well, care must be taken to avoid additional dam-
age of the tissue. The vasculitis that is associated with these
injuries is usually a lifelong problem.12

Inhalation Injury

Inhalation injury is often inappropriately attributed to heat-
related damage to the airway or lung. Thermal injury to the
airway is very rare because the upper airway can dissipate
heat effectively,13 but upper airway injury may occasionally
be associated with a direct inhalation of superheated steam.14

The majority of injuries to the lung are caused by inhalation
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FIGURE 12.1.  Distribution of body sur-
face area at different ages.

FIGURE 12.2.  Cross-section of skin showing tissue levels and depth
of injury.



of toxic chemical products of combustion. The deleterious
components of smoke are primarily aldehydes.15 In addition,
carbon monoxide and cyanide may be inhaled. Similar to a
chemical burn of the skin, these agents cause erythema and
edema of the airway and can lead to blistering, ulceration,
erosions, and sloughing of the airways. The local edema, in-
filtration of the tissue with polymorphonuclear leukocytes,
and sloughing of bronchial mucosa lead to the formation of
an endobronchial cast and obstruction of terminal bronchi-
oles. Pulmonary edema occurs from increases in pulmonary
lymph flow and microvascular permeability.16 The debris in
the airway cannot be cleared because of the injury to the mu-
cosa and disruption of the mucociliary transport mechanism.
The obstruction of the small airways and the accumulation
of carbonaceous material and necrotic debris provide a fertile
ground for the development of infection. Some authors have
reported that the incidence of pneumonia in these patients is
as high as 70%17 within a week of injury.

Because the diagnosis of inhalation injury is difficult to
make, a presumptive diagnosis is made based on a history
that is consistent and signs and symptoms that are associated
with injury to the airway. Any patient who sustains injury in
a closed space and has burns above the clavicle, singeing of
nasal vibrissae, hoarseness, or carbonaceous sputum should
be assumed to have sustained an inhalation injury. Elevated
carboxyhemoglobin levels will confirm exposure to carbon
monoxide, but are not diagnostic for injury to the lung. Be-
cause the primary concern early after inhalation injury is ob-
struction of the airway, the upper airway should be evaluated
immediately, usually in the emergency department. Flexible
bronchoscopy provides the opportunity to confirm the diag-
nosis and initiate therapy. An endotracheal tube is passed over
the bronchoscope before the endoscopy, and if injury is iden-
tified in the airway the tube is passed over the scope into the
trachea.

Injury to the parenchyma of the lung is subtle in presen-
tation in the early period after injury except in the most se-
vere injuries such as those found in patients who sustained
cardiac or respiratory arrest in the field. Findings on chest X-
ray, arterial blood gases, and physical exam are frequently not
helpful in the first 48 to 72 h post injury.18 Xenon ventila-
tion/perfusion scans are of value in detecting parenchymal in-
jury to the lung; however, the extent of injury cannot be de-
termined with this test. Consequently, treatment is often
empiric. Therapy consists of aggressive pulmonary toilet, use
of mucolytics, and early identification and treatment of in-
fection. Prophylaxis with antibiotics is not used, and steroids
are of no benefit and are potentially harmful.19

Decision to Transfer to Specialized Care

The resources required to care for patients with significant
burn injury are not available at many medical centers. For
this reason, a regionalized system for care of the burn-in-
jured patient has been developed. Although travel time and
distance to a burn center are of concern, transfer of burn-in-
jured patients after initial evaluation has been shown to be
safe especially if initiated early after injury.20 Patients with
burns over more than 30% of their body surface area, those
at the extremes of age, and those with significant preexist-
ing disease should be cared for in a burn center.

Resuscitation

General Principles

Because intravascular fluid loss begins to occur immediately
after burn injury, initial resuscitative efforts are oriented to-
ward volume replacement. If transport of the patient to an
emergency care facility can be accomplished within 30 min
of injury, intravenous access can be delayed until arrival at
the receiving institution. Peripheral venous cannulation is
preferred over central venous access and may be performed
through burn-injured tissue if access through noninjured sites
is not available. Patients with greater than 20% total body
surface area injury (15% in children) require intravenous fluid
resuscitation and should have a catheter placed in the urinary
bladder. In addition, patients who have sustained a major in-
jury should have a nasogastric tube placed to decompress the
dilated stomach. During transport and resuscitation every ef-
fort should be made to maintain body temperature. Patients
are wrapped in clean sheets or blankets and in the initial phase
in the emergency care area the room is warmed. Behr hugger
blankets are also of use. Resuscitation fluids should be
warmed when fluids are given at rates of greater than 200 ml/h.
Burn-injured extremities should be elevated above the level
of the heart.

Fluid Resuscitation

During the first 24 h after injury there is fluid loss into and
through the burn injury. In addition there is a shift of in-
travascular fluid into noninjured tissues. There is general
agreement that during this period crystalloid solutions should
be used.21–23 As the fluid losses are large, formulae have been
developed to provide an estimate of the fluid requirements.
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TABLE 12.1. Common Agents that Cause Burn Injury to the Skin by Category.

Agent Site of injury Treatment

Acids
Hydrochloric Superficial Irrigate with water
Nitric, sulfuric
Hydrofluoric Deep Initial irrigation with water, then calcium gluconate
Phenol Deep Irrigate with 50:50 water and polyethelene glycol

Alkali
Ammonia, sodium Deep Irrigate with water

hydroxide
Cement Superficial Irrigate with water

Tar Superficial/deep Cool, then vasoline



Every guideline that has been developed carries with it the
mandate that the patient’s response to resuscitation be used
as the actual determinant of fluid administration, not the for-
mula! The goal of resuscitation is to maintain adequate tis-
sue perfusion and therefore preserve organ function. The tra-
ditional assessment of adequacy of resuscitation in burn injury
has been based on observation of blood pressure, heart rate,
and urine output.24,25 In this approach the patient is “titrated”
with fluid to maintain a normal blood pressure and heart rate
and a urine output of 1 ml/kg per hour24 or 30 to 50 ml/h26

in an adult patient. Other resuscitation endpoints are contro-
versial.

The Parkland formula24 was the crystalloid-based formula
that provided the foundation for current methods of resusci-
tation (Table 12.2). This formula calls for the initiation of re-
suscitation with Ringer’s lactate solution at a rate based on
the body surface area of burn injury and the patient’s body
weight. The calculated resuscitation volume for the first 24
h is 4 ml times weight in kilograms times the percent of the
body surface area that is burned. One-half of this volume is
given in the first 8 h after injury and the other half is given
in the following 16 h. Resuscitation of children is based on
this volume plus a volume equal to the estimated daily main-
tenance fluid requirements. Goodwin et al.27 at the U.S. Army
Institute of Surgical Research have suggested that the same
success can be obtained by using a formula that estimates re-
quirements as 3 ml/kg per percent of the body surface area
that is burned. The use of hypertonic saline to minimize fluid
volume has not shown a clear benefit.

Most authors continue to suggest that administration of
colloid-containing solutions be reserved for the second 24 h
after injury when the capillary leak is assumed to have re-
solved.24 Thereafter, daily maintenance fluids are given with
a recognition of ongoing evaporative losses and the knowl-
edge that total body sodium content is high. Evaporative fluid
loss from the burn-injured tissue has been estimated to oc-
cur at an hourly rate equal to the sum of 25 and the percent
of the body surface area that is injured multiplied by the to-
tal body surface area.

Wound Care

General Principles

Small (quarter size or less) blisters are often left intact whereas
larger blisters and full-thickness wounds should be debrided
and covered with a topical agent. This step can be accom-

plished in the office or the emergency room environment for
patients who are to be treated as outpatients. Inpatient wound
care is provided in a warm environment at the bedside or
more often in an area reserved for wound care in a burn cen-
ter. The objective of wound care is to avoid infection and pro-
tect the wound from further injury. Agents that may cause
additional tissue damage are avoided, and the circulation of
the wound is protected by avoiding hypotension and exclud-
ing the use of alpha-adrenergic agents, which will lead to ad-
ditional tissue ischemia. Sterile gloves should be worn at all
times when a wound is manipulated.

Chemical injury of tissue is treated with irrigation with
copious amounts of either normal saline or tap water for as
long as 6 h. Neutralizing agents are not used because they
can lead to additional tissue damage caused by heat gener-
ated in an exothermic reaction between the chemicals. Hy-
drofluoric acid injuries can lead to systemic hypocalcemia,
and therefore brief irrigation should be followed by topical
application of calcium gluconate gel. If pain persists, clysis of
the wound with calcium gluconate is used except in digits.
For injury to distal extremities intraarterial infusion of cal-
cium gluconate has been recommended.28

Prophylaxis Against Wound Infection

Because there is concern for inducing microbial resistance to
antibiotics, systemic antimicrobial prophylaxis is not used in
patients admitted to the hospital. The wounds are closely ob-
served for infection and treatment is initiated if this occurs.
There is no clear consensus on the use of antibiotics in the
outpatient setting.

The advent of effective topical antimicrobial agents has
substantially reduced the mortality associated with burn
wound infection.29 The commonly used agents and their ad-
vantages and disadvantages are listed in Table 12.3. The ideal
topical regimen rests on the use of an agent with good pro-
phylactic antimicrobial activity that also provides an oppor-
tunity to easily evaluate the wound and to perform regular
physical therapy.

Surgical Care

Excision and closure of wounds has the advantage of reduc-
ing the extent of injury and eliminating the risk of wound in-
fection. Tangential excision, which is the sequential removal
of necrotic tissue until viable tissue is identified, is the most
commonly used method of excision of burn-injured tissue.
The advantage of this method is that it yields the best cos-
metic and functional result; however, it also is associated
with considerable blood loss. Tourniquets have been shown
to minimize blood loss when they are applied during excision
of extremities.30 This approach presents a challenge to even
the experienced burn surgeon because the identification of
the depth to excise to viable tissue is difficult to ascertain in
the absence of capillary bleeding. Excision of the wound to
the level of the fascia is associated with minimal blood loss
and is used when wounds are deep full thickness, are infected,
or when large areas are excised. The cosmetic results are poor
and lymphatic drainage is impaired after this type of excision.

At the present time the ultimate closure of the excised
wound requires the use of autograft. If sufficient donor sites
are available, the preferred skin graft is a split-thickness au-
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TABLE 12.2. Intravenous Fluid Resuscitation 
of the Burn-Injured Patient.

First 24 h:
Total milliliters of ringer’s lactate solutiona � 4 � weight in 

kg � % BSA injury (1/2 given in first 8 h)
Second 24 h:

5% dextrose in waterb estimated based on evaporative loss
Evaporative loss from injury � (25 � % BSA injury) � TBSA
Colloid (as necessary in �40% burn injury) estimated as

0.3–0.5 ml � weight in kg � % BSA injury

aIn children, add daily maintenance fluid to calculated amount.
bIn children, use 5% dextrose in 1/4 NS.



tograft (0.008–0.01 in. thick). A thicker, full-thickness graft
is preferred for cosmetic reconstruction and in areas where
scarring would lead to functional compromise. However, this
thickness of donor skin requires that the donor site be grafted.
When donor sites are limited, autograft can be expanded by
passing it through a mechanical meshing device that allows
it to be enlarged up to six times the surface area of the orig-
inal donor skin. For practical purposes the skin is not usually
meshed to a size greater than three times the initial area.

Closure of the excised wound may be staged by tempo-
rary coverage with biological or manufactured dressings. Al-
lograft provides for closure of the wound and also is often
used as a test graft in areas where there is a concern for in-
fection or when the adequacy of the excised wound bed is
suspect. If an allograft is left in place for longer than 10 to 14
days, it becomes incorporated into the wound to the extent
that the wound must be excised to remove it. In recent years
a number of skin substitutes have been developed that re-
place the function of some or all layers of the skin. The ad-
vantage that these products offer for patients with large sur-
face areas of injury is that donor sites are available in shorter
time frames for recropping of epidermis for further grafting. 

Circumferential Burns

A full-thickness circumferential burn injury carries with it the
risk of compression of structures underneath the wound. In
the extremities the combination of increased extravascular
fluid in the wound and underlying tissues and the lack of elas-
ticity of the burn wound can lead to subeschar pressures that
compromise blood flow to viable tissue. All extremities with
circumferential full-thickness burns should be elevated to
minimize edema formation and should be evaluated hourly
for signs of vascular compromise. The classic signs of pallor,
pain, parasthesia, paralysis, and poikilothermia should be as-
sessed. Because these signs are often difficult to evaluate in a
burn-injured extremity, additional assessment of Doppler-
measured blood flow in the distal extremity should be per-
formed. Loss of Doppler signals may not be seen until after
damage has occurred,31 and therefore one should have a low
threshold for performing an escharotomy to release subeschar
pressure. An escharotomy is performed by making an incision
through the eschar on the lateral surface of the extremity. An
additional escharotomy may need to be performed on the me-
dial surface as well. The preferred sites for escharotomy are

indicated in Figure 12.3. Decompression of the hand should
be performed when full-thickness burn injury of the hand leads
to compromise of blood flow and function. Escharotomies are
performed in fingers in the midaxial line on the ulnar side and
on the radial side of the thumb so as to preserve tactile sen-
sation of the surfaces of opposition of the fingers and thumb. 

A circumferential full-thickness burn of the chest can com-
promise chest wall motion and cause a decrease in lung com-
pliance. When this occurs, escharotomy of the chest in the an-
terior axillary line will often decrease the inspiratory pressures
required to maintain tidal volume. If in addition there are cir-
cumferential full-thickness burns of the abdomen and back, an
escharotomy following the costal margin may be necessary. In-
cision of the eschar may be performed with a scalpel but is of-
ten done with electrocautery so that minor bleeding can be
controlled. Because full-thickness wounds are insensate and
avascular, anesthesia is not necessary and these procedures
may be performed under sterile conditions at the bedside.

Infection

General Aspects in Burn Injury

The systemic inflammatory response that is associated with
a major burn ignites a cascade of events that presents a clin-
ical syndrome which is difficult to distinguish from infection.
These patients often have core body temperatures of 39° to
39.5°C, often develop an intestinal ileus, become disoriented,
develop hyperglycemia, and sustain changes in fluid balance. 

An increased susceptibility to infection related to the ex-
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TABLE 12.3. Commonly Used Topical Antimicrobial Agents.

Agent Wound dressing Advantages Disadvantages

Silver sulfadiazine Open or light gauze Soothing, optimal Does not penetrate
physical therapy, eschar, possible
good antimicrobial neutropenia

Mafenide acetate Open or light gauze Penetrates eschar, Painful, metabolic
cream optimal physical acidosis caused by

therapy, good inhibition of
antimicrobial activity carbonic anhydrase

Mafenide acetate Continuous moist Good antimicrobial, Restricts physical
(5% solution) bulky dressing use over skin grafts therapy
Aqueous silver Continuous moist Good antimicrobial Restricts physical
nitrate (0.5%) bulky dressing therapy, stains

wound, hyponatremia,
does not penetrate

FIGURE 12.3.  Preferred sites for escharotomy incisions. The patient
should be in the anatomical position as depicted. The incisions are
made in the lateral or medial aspect of the extremities.



tent of burn injury that has been noted clinically has been
confirmed in animal models.32 Polymorphonuclear leuko-
cytes (PMNs) are activated and cytokines such as inteleukin-
1-beta (IL-1-�), interleukin-6 (IL-6), and tumor necrosis factor-
alpha (TNF-�) are elevated. The net result of activation of cells
and mediator pathways appears to be indiscriminant recruit-
ment of the normal pathways that maintain homeostasis,
which leads to susceptibility of infection and distant organ
and further local tissue injury.

Burn Wound Infection

In an attempt to standardize the evaluation and classification
of infection in the wounds of the burn-injured patient, a sub-
committee of the American Burn Association has recently pro-
vided a proposal for categorization of these infections.33 Al-
though these guidelines are open for comment at this time, they
provide a foundation for describing the four categories of wound-
related infection and are used here as a basis for describing the
infections that occur in the patient with burn injury.

IMPETIGO

This infection “involves the loss of epithelium from a previ-
ously reepitheialized surface such as a grafted burn, a partial
thickness burn allowed to heal by secondary intention, or a
healed donor site.”33 This definition assumes that no other
cause for epithelial loss is present such as mechanical dam-
age, hematoma formation, or ischemia of the tissue. This in-
fection, which has also been termed melting graft syndrome,34

is not necessarily associated with systemic signs of fever or
elevated white blood cell count. Although it is often caused
by streptococcal or staphylococcal species, it may be caused
by other organisms as well. In distinction to burn wound sur-
face cultures, which give no insight into what is occurring in
the wound, surface cultures are helpful in determining the
organism that is the agent of these infections. Treatment con-
sists of local care of the wound and systemic antibiotics.

OPEN SURGICAL WOUND INFECTION

These infections occur in wounds associated with surgical in-
tervention that are not healed. As defined by the committee
they may occur in an ungrafted excised burn or donor sites
that have not healed and are associated with culture-positive
purulent exudate. In addition, at least one of the following
conditions is present:

1. Loss of synthetic or biological covering of the wound
2. Changes in wound appearance, such as hyperemia
3. Erythema in the uninjured skin surrounding the wound
4. Systemic signs, such as fever or leukocytosis

These infections require a change in local wound care, usually
the addition of a topical antimicrobial, more frequent dressing
changes, and the administration of systemic antibiotics.

CELLULITIS

The local inflammatory response to a burn injury is manifest
at the margin of the wound as erythema. This finding is dif-
ferentiated from cellulitis by its localized nature, usually less
than 1 to 2 cm from the margin of the wound, and by its lack
of extension beyond that zone. The guidelines suggest that in

addition to a requirement for antibiotic treatment the defin-
ition of cellulitis requires at least one of the following:

1. Localized pain, tenderness, swelling, or heat at the af-
fected site

2. Systemic signs of infection, such as hyperemia, leukocy-
tosis, or septicemia

3. Progression of erythema and swelling
4. Signs of lymphangitis, lymphadenitis, or both

INVASIVE INFECTION

The diagnosis of invasive burn wound infection rests on the
recognition of changes in the wound, which include discol-
oration of the wound, maceration, or early separation of es-
char and systemic manifestations of infection. In addition to
the clinical assessment of the wound, biopsy may be per-
formed for quantitative culture or histological evaluation.
When more than 100,000 organisms are cultured from a gram
of tissue it has been held that invasive wound infection is
present.35 Histological evaluation, although not readily avail-
able at most institutions, is diagnostic for invasive infection
when organisms are identified in viable tissue.36 Invasive
wound infection requires surgical excision of the wound to
the level of viable tissue and administration of systemic an-
tibiotics. The topical antimicrobials, with the exception of
Sulfamylon, which may be used in preparation for excision,
are not used for therapy for invasive burn wound infection
because they do not penetrate eschar.

The criteria for definition of invasive infection as outlined
in the guidelines may be associated with these conditions:

1. Inflammation of the surrounding uninjured skin
2. Histological examination that shows invasion of the in-

fectious organism into adjacent viable tissue
3. An organism that can be isolated from a blood culture in

the absence of other infection
4. Systemic infection such as hyperthermia, hypothermia,

leukocytosis, tachypnea, hypotension, oliguria, or hyper-
glycemia at a previously tolerated level of dietary carbo-
hydrate, or mental confusion

Pneumonia

The advent of effective topical antimicrobials for prevention
and therapy of wound infection along with earlier surgical in-
tervention in wound care has led to a decrease in the inci-
dence of wound infection, and respiratory failure is now the
leading cause of death in the patient with thermal injury.37

The presence of white blood cells and bacteria in the sputum
associated with other signs of infection should prompt the
initiation of systemic antimicrobials that will address the or-
ganisms which predominate in the flora of the unit at the
time. Specific antimicrobials are then selected when culture
reports are available.

Suppurative Thrombophlebitis

Bacterial colonization of venous catheters in patients in in-
tensive care units38 and in particular of central catheters in
the burn-injured patient has been reported to be as high as
25%.39

The reason for concern especially in burn-injured indi-
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viduals is that suppurative thrombophlebitis can be an in-
sidious and life-threatening infection.40 The only findings
may be persistent fever and a bacteremia that continues dur-
ing appropriate antibiotic treatment. The classic findings of
edema, erythema, pain, and a palpable cord at an intravenous
site that are associated with phlebitis may not be identifiable.
Diagnosis is confirmed by aspiration of purulent material
from the affected vein, and treatment consists of excision of
the involved vein to the point that the vessel is normal where
bleeding is encountered.41,42

Suppurative Chondritis

Infection of the external ear that has sustained a partial- or
full-thickness injury can lead to loss of integrity of the entire
ear.43,44 The cartilage of the ear has minimal protection and
blood supply and is highly susceptible to infection when the
overlying tissue is damaged. Dressings should not be applied
to the ear, and pillows should not be used. Auricular burns
should be treated with twice-daily open wound care and gen-
tly debrided. The topical of choice is mefanide acetate be-
cause it penetrates eschar and avascular cartilage. When sup-
purative chondritis occurs, systemic antibiotics are of little
value due to the avascular nature of the tissue,45 and the ear
must be surgically drained under anesthesia by bivalving of
the ear with excision of infected and necrotic tissue.

Bacteremia Associated with Wound Manipulation

It is anticipated that debridement and surgical excision of the
burn wound will lead to bacteremia; however, the data to sup-
port such an occurrence are not consistent. Nevertheless, bac-
teremia related to burn care, especially in patients with a large
burn injury who have colonization of or infection in their
wounds, may seed distant sites such as cardiac valves or the
brain,46 and it is likely that in this population of patients 
perioperative administration of antibiotics which will treat the
flora of the wound will be of benefit.

Other Infections

Just as in any seriously injured patient, the associated im-
munocompromise may set the stage for infection at any site.
These patients have a high incidence of urinary tract infec-
tions and pneumonia.47 They also develop other infections
such as appendicitis acute calculus cholecystitis, and diver-
ticulitis but often do not present with classic features due to
the lack of the normal inflammatory response. A high index
of suspicion is necessary to detect these infections. Additional
infections of concern in the burn-injured patient include si-
nusitis and bacterial endocarditis.

Hypermetabolism and Nutrition

The classic description of the metabolic response to injury
includes an early ebb phase that is characterized by low car-
diac output and a decreased metabolic rate followed by a hy-
permetabolic phase that starts at 24 to 36 h after injury. In
the patient with thermal injury, the increase in metabolic rate
may often exceed the resting energy expenditure (REE) by
twofold.48 Studies indicate that there is a wide variation in

metabolic rate among patients and that the hypermetabolism
associated with thermal injury may persist well beyond
wound closure. Patients with large burns often do not return
to a normal metabolic rate until weeks or months after the
burn wound is closed.49 Most clinicians advocate the use of
a formula such as that of Curreri or the Harris–Benedict equa-
tion adjusted with a stress factor, but in patients with large
injury or who sustain complications the metabolic rate should
be measured by indirect calorimetry.

Because of losses in the wound, muscle breakdown, and
increased demands for healing of the wound, the patient with
thermal injury has a requirement for protein replacement that
is proportionately greater than that for calories. Protein ad-
ministration should be two to three times greater than the
normal requirement of 0.8 g/kg/day or 2.0 to 2.5 g/kg/day.
This amount can be provided in relation to the estimated or
measured calorie needs by providing a nonprotein calorie to
nitrogen ratio of 100 to 150:1.50

Prognosis

Survival after burn injury has improved significantly during
the past 20 years51 and appears to have reached a plateau over
the past 10 years. Multiple studies have confirmed that pa-
tient age and extent of injury are the two most powerful pre-
dictors of outcome.51–53 Studies from the current decade sug-
gest that the overall mortality rate in burn centers is
approximately 4%.54 These data also confirm the significant
contribution of inhalation injury in that the mortality rate
was 25% to 35% in the presence of this injury and only 0.5%
to 4% in its absence.

Rehabilitation

Advances in medical care leading to increased survival from
thermal injury have led to a renewed emphasis on quality of
life after these injuries. Rehabilitation of the patient with a
burn injury begins from the time of initial medical care, re-
quires intense care in the first year after injury, and often is
lifelong. Splinting of injured extremities begins as soon as the
patient is stabilized, and range-of-motion exercises begin
within the first day. The team approach is important to co-
ordinate therapy, surgical intervention, and medical care. As
soon as wounds have a stable epidermal closure, usually
within 2 weeks after grafting or primary healing has occurred,
attention is turned to wound and scar management. Garments
that apply pressure to the wounds are tailormade for the pa-
tient and worn 24 h per day. Surgical intervention for cos-
metic deformity is usually delayed until the wound is ma-
ture, as is intervention for functional restriction, unless a
surgical procedure is necessary to allow for physical therapy.
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Perioperative 
Management

Philip S. Barie

Defining the Perioperative Period

The preoperative period begins when it is decided that a pa-
tient needs surgery. This period may extend for the few min-
utes that it takes to get a trauma patient to the oper-
ating room, or for several weeks if multiple or complex 
comorbid factors must be addressed in preparation. The post-
operative period is more defined, albeit arbitrarily. Tradi-
tionally, the postoperative period has extended for 30 days af-
ter surgery, and operative mortality and complication rates
are generally reported using that criterion.

Who Should Provide Perioperative Care?

Traditionally, perioperative care was provided by the patient’s
surgeon with consultative assistance by the primary care
physician. The primacy of the surgeon in directing perioper-
ative care was emphasized. Nowadays, nontraditional practi-
tioners such as hospitalists, advanced practice nurses, physi-
cian assistants and critical care intensivists have largely
assumed the role of “primary” caregiver.

The question of who should have primary responsibility
for the care of critically ill surgical patients remains con-
tentious. Traditionally, the operating surgeon has had primary
responsibility for the perioperative care of the patient. The
reasons for this are several and substantial.1 Critical care is
defined as one of the core components of general surgery by
the American Board of Surgery, and sufficient experience with
the management of critically ill patients must be gained dur-
ing residency to prepare the surgeon to provide critical care
in practice. The need for the individual who provides periop-
erative critical care to have an intimate knowledge of surgi-
cal physiology is unquestionable.

In a true open ICU model, all patient care decisions are
made by the primary team. Continuity of care is assured, and
surgical residents receive the direct patient care experience req-
uisite to their training. In a true closed ICU model, decisions

1 2 7

regarding triage and therapy become the responsibility of the
ICU service. In academic centers, the ICU team is most often
composed of surgeons and sometimes anesthesiologists, but in
other circumstances it becomes a nonsurgical team in charge.
In effect, the operating surgeon becomes a consultant on his
or her own patient, but involved subspecialty consultants are
fewer. This model is effective for cost-containment initia-
tives2,3 and highly concentrated educational activities. Com-
munication is often facilitated, which is a positive attribute of
high-quality units.4,5 Data indicate that the closed ICU model
may provide superior and cost-effective patient care.6–8

The status of perioperative care is in flux, as is the even
thornier issue of whether complex or rarely performed oper-
ations should be undertaken outside specialized centers.9,10

For surgeons to maintain a central role in perioperative care,
they are well advised to exert leadership rather than to assert
ownership.

Outcomes Assessment

Increasingly, a good surgical outcome is defined by the qual-
ity of life enjoyed by the patient after surgery.11 Surgical re-
sults reporting must extend beyond the hospital portal. These
types of quality endpoints will be incorporated increasingly
into clinical research and quality audits, and therefore clini-
cians must be familiar with the administration and interpre-
tation of these types of studies.

Preoperative Cardiovascular Assessment

More than 3 million patients with coronary artery disease un-
dergo surgery each year in the United States. Among them,
50,000 patients sustain a perioperative myocardial infarction
(MI). The incidence may be increasing because of an aging
population. Overall mortality for perioperative MI remains
nearly 40%. Aortic and peripheral vascular surgery, orthope-



dic surgery, and major intrathoracic and intraperitoneal pro-
cedures are more frequently associated with perioperative car-
diac mortality than are other types of surgery. Absent a his-
tory of heart disease, men are at increased risk above 35 years
of age, whereas women are at increased risk after age 40. Car-
diac mortality risk increases markedly in patients over age
70. Cigarette smoking also confers increased risk.

A recent MI is the single most important risk factor for
perioperative infarction (Table 13.1). The risk is greatest
within the early aftermath following an infarction, probably
the first 30 days. Estimates of the risk of anesthesia follow-
ing an MI range as high as a 27% reinfarction rate within 3
months, 11% between 3 and 6 months, and 5% after a 6-
month interval. Patients who suffer subendocardial (non-Q-
wave) infarctions appear to be at identical risk. However, car-
diac risk management strategies may be succeeding. With
intraoperative invasive hemodynamic monitoring, the risk
may be reduced to as low as 6% within 3 months of the first
MI, and only 2% incidence within 3 to 6 months. Elective
surgery should be postponed for 6 months following an acute
MI. When major emergency surgery is necessary, it should be
performed with full hemodynamic monitoring. When opera-
tion is urgent, as for a potentially resectable malignant tu-
mor, it can be undertaken from 4 to 6 weeks after infarction
if the patient has had an uncomplicated recent course and the
results of noninvasive stress testing are favorable.

The cardiac risk index system (CRIS) is an accepted sys-
tem that was developed from a cohort of patients aged 40
years or more who underwent noncardiac surgery.12 Risk
classes (I–IV) are assigned on the basis of accumulated points
(Table 13.2). According to CRIS, any elective operation is 
contraindicated if the patient falls within class IV. One ben-

efit of CRIS is that more than one-half of the total points are
potentially controllable (treating CHF reduces the score by 11
points, delaying surgery for a recent MI, 10 points, and so on)
for the avoidance of emergency surgery or improvement of
the overall medical status. Further study of coronary artery
disease (CAD) serves primarily to quantify risk in patients
with identified risk factors. Whether patients with no car-
diac risk factors should undergo additional preoperative test-
ing is still debated. Algorithms from the American College
of Cardiology/American Heart Association Task Force on
Practice Guidelines can be used to guide the evaluation (Fig.
13.1–13.3).13

Adjustment of Cardiovascular Medications

Congestive heart failure, poorly controlled hypertension (di-
astolic blood pressure �110 mmHg), and diabetes must be
stabilized before an elective procedure is undertaken. In gen-
eral, cardiovascular medications should be continued through
the perioperative period. Continuation of antihypertensive
therapy throughout the perioperative period does not con-
tribute to hemodynamic instability, although the data are
conflicting as to whether continuation of antihypertensive
therapy actually decreases morbidity. Discontinuation of an-
tihypertensive therapy does pose potential hazards. Rebound
hypertension may be precipitated when centrally acting �2-
adrenergic agonists (e.g., clonidine) are withheld abruptly.
Congestive heart failure may recur if angiotensin-converting
enzyme inhibitors are withheld. Diuretic therapy may cause
hypovolemia or hypokalemia, but neither problem poses ma-
jor difficulties if recognized and treated. There is widespread
agreement that �-adrenergic blockade should not be discon-
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TABLE 13.1. Risk Stratification Parameters and Criteria for Cardiac Events Following Noncardiac Surgery.

Parameter Low risk Intermediate risk High risk

Clinical characteristic Advanced age Mild angina Myocardial infarction within
previous 7–30 days

Abnormal ECG (LVH, LBBB, Prior myocardial infarction Unstable or severe angina
ST-T abnormalities)

Atrial fibrillation or other Previous or compensated
nonsinus rhythm congestive heart failure

Low functional capacity (climb Diabetes mellitus
�1 flight stairs with bag of 
groceries)

Hypertension
History of stroke

Type of operation Endoscopic procedures Carotid endarterectomy Emergent major surgery
(partial list) Skin or skin structure operation Head and neck procedure Aortic and other major vascular

Low: �1% cardiac risk; (i.e., groin hernia, breast procedures, including
High: �5% cardiac risk. procedure) peripheral procedures

Cataract excision Intraabdominal procedures Long procedures/major fluid
shifts or blood loss

Intrathoracic procedures
Orthopedic surgery
Prostate surgery

Characteristics of ECG No ischemia Ischemia at moderate-level Ischemia at low-level
stress test (i.e., treadmill) Ischemia only at high-level exercise (heart rate 100–130) exercise (heart rate �100)

exercise (heart rate �130)
ST depression �0.1 mV ST depression �0.1 mV ST depression �0.1 mV
Typical angina Typical angina Typical angina
One or two abnormal leads Three or four abnormal Five or more abnormal

leads leads
Persistent ischemia Persistent ischemia
1–3 min after exercise �3 min after exercise



tinued abruptly. Abrupt discontinuation may be associated
with a hyperadrenergic withdrawal syndrome characterized
by unstable angina, tachyarrhythmias, MI, or sudden death.

PERIOPERATIVE MANAGEMENT 1 2 9

TABLE 13.2. Cardiac Risk Index System (CRIS).

Factors Points

History
Age �70 years 5
Myocardial infarction �6 months ago 10
Aortic stenosis 3

Physical examination
S3 gallop, jugular venous distension, 11
or congestive heart failure
Bedridden 3

Laboratory
PO2 �60 mmHg 3
PCO2 �50 mmHg 3
Potassium �3 mEq/dl 3
Blood urine nitrogen �50 mg/dl 3
Creatinine �3 mg/dl 3

Operation
Emergency 4
Intrathoracic 3
Intraabdominal 3
Aortic 3

Approximate cardiac risk (percent incidence of major complications):

Classa

Baseline I II III IV

Minor surgery 1 0.3 1 3 19
Major noncardiac surgery, 4 1 4 12 48

age �40 years
Abdominal aortic surgery, or age 10 3 10 30 75

�40 with other characteristics
aCRIS class I, 0–5 points; class II, 6–12 points; class III, 13–25 points; class IV,
�26 points.

Source: Adapted from Goldman et al.12

Current ACC/AHA recommendations are to screen for MI
in patients without evidence of CAD only if signs of cardio-
vascular dysfunction develop. For patients with CAD under-
going high-risk operations, an ECG at baseline, immediately
postoperatively, and daily for the first 2 postoperative days
(POD) should be obtained. Measurements of cardiac enzymes
are best reserved for patients at high risk or those who demon-
strate ECG or hemodynamic evidence of myocardial dys-
function.13 Two recent studies suggested that both short- and
long-term survival can be improved by �-adrenergic blockade
for patients who undergo noncardiac surgery.14,15

Continuation of calcium channel antagonists in the peri-
operative period has been controversial. Rebound phenomena
associated with abrupt drug discontinuance are less common
than with �-blockers, but patients receiving combined therapy
with �-adrenergic and calcium channel blockers are at in-
creased risk of conduction abnormalities and depressed ven-
tricular function. Digoxin therapy for chronic CHF, particu-
larly with complicating supraventricular tachyarrhythmias,
should be continued through the perioperative period.

Preoperative Preparation in the Intensive Care Unit

The practice of preoperative admission to the ICU for final
preparation for surgery is falling out of favor and is infre-
quently done.

Preoperative Pulmonary Evaluation

In patients with a history of lung disease or those for whom a
pulmonary resection is contemplated, preoperative assessment
of pulmonary function is of value. Late postoperative pul-
monary complications are leading causes of morbidity and mor-
tality after surgery, second only to cardiac complications as im-

FIGURE 13.1.  American College of Cardiology/American Heart As-
sociation Guideline algorithm for evaluation of cardiac risk before
noncardiac surgery. Patients with major clinical predictors of risk
may have to have surgery postponed or cancelled, or undergo an 
invasive evaluation. See Table 19.3 for additional information.
(Reprinted from Eagle KA, Brundage BH, Chaitman BR, et al. Guide-

lines for perioperative cardiovascular evaluation for noncardiac
surgery. Report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines (Committee on
Perioperative Cardiovascular Evaluation for Noncardiac Surgery). J
Am Coll Cardiol 1996;27:910–948, with permission.13)



diograph has been discounted, it may be of value for dyspneic
patients with underlying lung disease or to serve as a basis
for comparison. Radiographic indicators of possible airflow
obstruction include depression of the right hemidiaphragm at
or below the seventh rib anteriorly on a conventional pos-
teroanterior view, a cardiac silhouette with a transverse di-
mension less than 11.5 cm, and a retrosternal air space greater
than 4.4 cm on a lateral view. Substantive airflow obstruc-
tion may be associated with a normal X-ray.

Most laboratory studies are of little benefit for prediction
in chronic lung disease. A room air arterial oxygen tension
(PaO2) less than 60 mmHg correlates with pulmonary hyper-
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mediate causes of death. Prolonged postoperative decreases in
functional residual capacity (FRC) and forced vital capacity
(FVC) are associated with atelectasis, decreased pulmonary
compliance, increased work of breathing, and tachypnea at low
tidal volumes. Poor cough effort and impaired airway reflexes
increase the susceptibility of postoperative patients to retained
secretions, bacterial invasion, and pneumonia. Upper abdomi-
nal and thoracic incisions, increased operative time, increased
severity of underlying pulmonary disease (COPD or chronic
bronchitis), cigarette smoking, and poor preoperative nutrition
are independent risk factors for major pulmonary morbidity.

Although the value of the routine, perioperative chest ra-

FIGURE 13.2.  American College of Cardiology/American Heart As-
sociation Guideline algorithm for evaluation of cardiac risk before
noncardiac surgery. Patients with intermediate clinical predictors of
risk or who are about to undergo high-risk surgery may have to have
noninvasive testing before surgery. See Table 13.3 for additional 
information. Four metabolic equivalents (METs) are equivalent to
climbing one flight of stairs with a bag of groceries. (Reprinted from

FIGURE 13.3.  American College of Cardiology/American Heart As-
sociation Guideline algorithm for evaluation of cardiac risk before
noncardiac surgery. Patients with minor or no clinical who are about
to undergo high-risk surgery may have to have noninvasive testing
before surgery. See Table 19.3 for additional information. Four meta-
bolic equivalents (METs) are equivalent to climbing one flight of
stairs with a bag of groceries. (Reprinted from Eagle KA, Brundage

Eagle KA, Brundage BH, Chaitman BR, et al. Guidelines for periop-
erative cardiovascular evaluation for noncardiac surgery. Report of
the American College of Cardiology/American Heart Association
Task Force on Practice Guidelines (Committee on Perioperative Car-
diovascular Evaluation for Noncardiac Surgery). J Am Coll Cardiol
1996;27:910–948, with permission.13)

BH, Chaitman BR, et al. Guidelines for perioperative cardiovascular
evaluation for noncardiac surgery. Report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines (Committee on Perioperative Cardiovascular Evaluation
for Noncardiac Surgery). J Am Coll Cardiol 1996;27:910–948, with
permission.13)



tension, whereas a PaCO2 greater than 45 mmHg is associ-
ated with increased perioperative morbidity. Spirometry be-
fore and after bronchodilators is simple and safe to obtain.
Analysis of forced expiratory volume in 1 s (FEV1) and FVC
usually provides sufficient information for clinical decision
making. Dyspnea is assumed to occur when FEV1 is less than
2 l, whereas an FEV1 less than 50% of the predicted value
correlates with exertional dyspnea. For abdominal surgery,
there is no indication for evaluation beyond spirometry and
arterial blood gas analysis.

Objective data of good quality that document improved
outcome from the provision of preoperative pulmonary toilet
are scant. Pulmonary toilet probably accomplishes more by
educating the patient about perioperative care and engender-
ing a cooperative attitude about chest physiotherapy than by
actually improving gas exchange. Chronic bronchodilator
therapy should be continued through the perioperative period.
Cessation of cigarette smoking is very important for those
who smoke more than 10 cigarettes per day. Short-term ab-
stinence (48 h) decreases the carboxyhemoglobin concentra-
tion to that of a nonsmoker, abolishes the effects of nicotine
on the cardiovascular system, and improves mucosal ciliary
function. Sputum volume decreases after 1 to 2 weeks of ab-
stinence, and spirometry improves after about 6 weeks of
abstinence.

Prophylaxis of Venous Thromboembolism

The morbidity and mortality of venous thromboembolism
make consideration of prophylaxis mandatory for every ma-
jor operation. A number of risk factors have been identified
(Table 13.3). The risk of a venous thromboembolic compli-
cation is increased by the number of defined risk factors that
the patient has (Table 13.4).16 Many prophylactic regimens
have proven efficacy for patients at moderate to high risk, and
the morbidity is acceptable17; therefore, standard regimens
are employed increasingly for virtually all patients (Tables

13.4, 13.5). Table 13.6 compares the effectiveness of these dif-
ferent modalities.

Evaluation of the Risk of Bleeding

Evaluation of the patient’s risk of bleeding requires a careful
history and physical assessment if the evaluation is to be
cost-effective, because the yield of positive findings from rou-
tine screening tests of hemostasis is low. Historical infor-
mation of importance includes whether the patient or a 
family member has had a prior episode of bleeding or a throm-
boembolic event, and whether the patient has a history of
prior transfusions, prior surgery, heavy menstrual bleeding,
easy bruising, frequent nosebleeds, or bleeding gums after
brushing the teeth. Coexistent liver or kidney disease, poor
dietary habits, excessive ingestion of alcohol, ingestion of as-
pirin, other nonsteroidal antiinflammatory drugs, or lipid-
lowering drugs (possible vitamin K deficiency), and antico-
agulant therapy (usually warfarin) must be ascertained.
Answers to these questions should uncover most potential
problems with hemostasis. If the history is completely neg-
ative and the patient has had a previous hemostatic chal-
lenge from surgery or trauma, then an important hemostatic
defect is extremely unlikely. A mild coagulopathy in the pre-
viously unchallenged patient is not excluded; however, the
consequences once such a mild defect is unmasked can be
managed readily. If a clinically important coagulopathy is
identified, therapeutic strategies for management of various
coagulation disorders in preparation for surgery are listed in
Table 13.7.

Management of the Therapeutically 
Anticoagulated Patient

It is often necessary to perform elective or emergency
surgery on an anticoagulated patient. In such circumstances
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TABLE 13.3. Risk Factorsa for the Development of Venous Thromboembolism in the 
Perioperative Period.

General Hematological

Age Activated protein C resistance (factor V Leiden mutation)
Cancer Antiphospholipid antibody
Congestive heart failure Antithrombin III deficiency
Estrogen therapy Disorders of plasminogen/plasminogen activation
Fracture of pelvis, hip, or leg Dysfibrinogenemia
Indwelling femoral vein catheter Heparin-associated thrombocytopenia
Inflammatory bowel disease Hyperviscosity syndromes
Major surgery (abdomen, pelvis, Homocysteinemia
lower extremity)
Myocardial infarction Lupus anticoagulant
Nephrotic syndrome Myeloproliferative disorders
Obesity Protein C deficiency
Prior venous thromboembolic disease Thrombocytosis
Prolonged immobility; paralysis
Stroke
Varicose veins
aPatients may have multiple risk factors. If multiple factors are present, the risk is cumulative.

Source: Adapted from Clagett et al.16
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TABLE 13.5.

Summary of Evidence-Based Guidelines for Prevention of Venous Thromboembolic 
Disease in Surgical Patients from Fifth American College of Chest Physicians Consensus
Conference on Antithrombotic Therapy, 1998.

General Surgery
Level I: In moderate-risk patients, it is recommended that low-dose unfractionated heparin,

low molecular weight heparin, an intermittent pneumatic compression device, or
graded-compression elastic stockings be used.

In high-risk patients, it is recommended that low-dose unfractionated heparin in
higher dosage or low molecular weight heparin be used for prophylaxis. For 
patients at high risk for wound complications such as hematoma or infection, 
an intermittent pneumatic compression device is a good alternative.

Aspirin is not recommended for prophylaxis because other measures are more effica-
cious. 

Level II: In very high risk patients, it is recommended that low-dose unfractionated heparin
or low molecular weight heparin be combined with an intermittent pneumatic
compression device. For selected patients, warfarin (international normalized ra-
tio 2.0–3.0) may be used.

Level III: For low-risk patients, no specific prophylaxis is recommended other than early
ambulation.

Total Hip Replacement
Level I: In patients undergoing hip replacement surgery, prophylaxis with low molecular

weight heparin should begin 12–24 h before surgery, or warfarin (international
normalized ratio, 2.0–3.0) should be started preoperatively or immediately after
surgery, or adjusted-dose heparin should be started preoperatively. Adjuvant pro-
phylaxis with intermittent pneumatic compression or graded-compression elastic
stockings may provide additional protection. Low-dose unfractionated heparin, 
aspirin, dextran, and intermittent pneumatic compression alone are less effective
and are not recommended.

In patients undergoing elective knee replacement surgery, low molecular weight 
heparin, warfarin, or intermittent pneumatic compression should be used for
prophylaxis.

The optimal duration of prophylaxis is uncertain. Abundant data suggest that a 7- to 
10-day duration of prophylaxis is appropriate. Emerging data suggest that a 29- to
35-day duration of prophylaxis may confer additional protection, but additional
data are needed.

Routine screening with duplex ultrasonography is not recommended after hip or
knee replacement surgery in asymptomatic patients.

Source: Adapted from Clagett et al.16

TABLE 13.4. Risk Stratification Scheme and Incidence of Venous Thromboembolic Events.

Level of risk (% incidence)

Very high
Moderate High (Major surgery at age �40 with

(any surgery, (major surgery, major risk factors [VTE, cancer,
age 40–60; age �60, no risk coagulopathy, elective lower-

Low major surgery factors; major extremity surgery, hip fracture,
(no risk age �40; surgery age stroke, multiple trauma, 

Event factors) no other risks) �40 with risk) spinal cord injury])

Calf vein 2 10–20 20–40 40–80
thrombosis
Proximal deep 0.4 2–4 4–8 10–20
venous thrombosis
Clinical pulmonary 0.2 1–2 2–4 4–10
embolism
Fatal pulmonary 0.002 0.1–0.4 0.4–1.0 1–5
embolism
Prevention None LDUH q 12 h LDUH q 8 h LMWH
strategies needed LMWH LMWH Warfarin

IPC IPC IPC plus a heparinoid
Intravenous adjusted-dose

heparin
Vena cava interruption

VTE, venous thromboembolism; LDUH, low-dose unfractionated heparin; LMWH, low molecular weight heparin; IPC,
intermittent pneumatic compression device.

Source: Adapted from Clagett et al.16 and Palmer et al.17



it is desirable to reverse the patient’s anticoagulation tem-
porarily so that hemostasis can be optimized. Most patients
who take warfarin and who are to undergo ambulatory or
same-day admission elective surgery can be managed sim-
ply by having them discontinue their warfarin for several
days before surgery. The timing of the medication adjust-
ment depends on the degree of anticoagulation determined
by preoperative testing, which in turn depends on the indi-
cation for the anticoagulation. For example, a patient with
a valve prosthesis can be maintained chronically at an in-
ternational normalized ratio (INR) of 2.5 to 3.0. If there is
concern that the patient should not be without anticoagu-
lation, the patient can be heparinized systemically with an
infusion of unfractionated heparin or placed on LMWH. The
heparin infusion is discontinued approximately 4 h preop-
eratively (the half-life of heparin is about 90 min), and
surgery proceeds with good hemostasis. However, data are
insufficient to provide a definitive recommendation in the
circumstance of LMWH.
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TABLE 13.6. Effectiveness of Various Modalities for Risk Reduction 
in Prophylaxis of Perioperative Deep Venous Thrombosis.

General surgery Total hip replacement

Risk Risk
Incidence reduction Incidence reduction

Modality n (%) (%) n (%) (%)

Controls 54 25 13 51
LDUH 53 8 �68 10 31 �39
LMWH 17 7 �72 20 11 �78
Warfarin 2 10 �60 7 22 �57
Dextran 11 18 �28 5 30 �41
Aspirin 5 10 �60 7 52 None
IPC device 5 10 �64 4 22 �57

LDUH, low-dose unfractionated heparin; LMWH, low molecular weight he-
parin; IPC, intermittent pneumatic compression device; n, number of stud-
ies reviewed; 95% CI, 95% confidence intervals for the incidence.

Source: Data extracted from Claggett et al.16

TABLE 13.7. Preoperative Management of Selected Coagulation Disorders.

Diagnosis Treatment

Factor deficiencies
Hemophilia A: Mild, factor VIII �10% Desmopressin, 0.3 mg/kg i.v. q 12–24 h � 5–7 days for minor surgery.

Severe Factor VIII concentrate (level 50%–75% for mild–moderate injury, 75%–100% for severe 
insults).

Dose: 1 U will increase F VIII level by 2% in a 70-kg patient; give one-half i.v. q 12 h 
or 1/24 dose i.v. q 1 h by infusion after the initial bolus.

Levels should be maintained for 5–7 (moderate injury) or 7–14 days (severe injury), as 
delayed bleeding is typical. Levels of 25%–30% are adequate for a minor operation.

Hemophilia B: Mild Desmopressin, 0.3 mg/kg i.v. q 12–24 h.
Severe Factor IX concentrate (level 50%–75% for mild–moderate injury, 75%–100% for severe 

insults).
Dose: 1 U will increase F IX level by 2% in a 70-kg patient; give one-half i.v. q 18–24 h 

after the initial bolus. Levels should be maintained for 5–7 (moderate injury) or 7–14
days (severe injury), as delayed bleeding is typical. Levels of 10%–25% are adequate for
a minor operation.

von Willebrand’s disease: Type 1 Desmopressin, 0.3 mg/kg i.v. q 12–24 h � 5–7 days. Tachyphylaxis can be restored by 
a 24-h drug holiday to allow repletion of endothelial stores. Keep VIII:vWF 60% for 
24–72 h for minor surgery, 80% for 5–7 days for major surgery.

Type 2 Trial of desmopressin (unpredictable effect).
Cryoprecipitate (contains 80–100 units vWF/10 units).

Liver disease (multifactorial) Based on specific defect. Fresh-frozen plasma to keep PT/aPTT �1.3 � control (difficult 
to correct factor VII deficiency).

Vitamin K, 10 mg i.m., if vitamin K deficiency suspected.
Platelet count �50,000–100,000.
Cryoprecipitate if low fibrinogen (�100–150 mg/dl), factor VIII.
Warfarin (vitamin K deficiency, factor II, VII, IX, X).
Fresh frozen plasma to keep PT �1.3 � control. Vitamin K, 10 mg i.m., if the patient does 

not require immediate correction (�12–48 h) or short-term anticoagulation.

Platelet Abnormalities
Thrombocytopenia Transfuse platelets �50,000 if bleeding or invasive procedure is anticipated; �20,000 

otherwise.
Idiopathic thrombocytopenic purpura Intravenous immunoglobulin, 2 g/kg over 2–4 days (VERY expensive).

Platelet infusion after ligation of the splenic artery during splenectomy if the response to 
immune globulin is poor.

Drug-induced Discontinue all noncritical medications.
Transfuse platelets only if surgery cannot be delayed to allow spontaneous recovery.

Uremia Aggressive hemodialysis?
Transfuse to hematocrit �30% to allow improved adhesion?
Desmopressin, 0.3 mg/kg i.v. q 12–24 h (rapid effect of short duration).
Cryoprecipitate, 10 units (rapid effect but short duration).
Conjugated estrogens, 25 mg i.v./day for 3 days (slow onset of action but effective for up 

to 2 weeks).



In most circumstances, there is probably less urgency
for reanticoagulation than is generally appreciated. Protec-
tion of a cardiac valve prosthesis is the most urgent indi-
cation, but a metallic valve can be left without anticoagu-
lation for at least 72 h and perhaps as long as 1 week
(especially in the aortic position), although such a long in-
terval is seldom necessary. High-risk patients or those who
will be unable to take warfarin by mouth for several days
can be heparinized with safety as early as 12 h after almost
any operation in which operative hemostasis was secure,
except neurosurgical procedures and some operations for
major trauma.

Antibiotic Prophylaxis

Surgery unquestionably induces systemic and local changes
in immune function, including suppression of neutrophil
function. The interaction between bacteria inoculated into
the surgical wound and prophylactic antibiotic adminis-
tration is a critical determinant of the fate of the wound.
The efficacy of perioperative antibiotic prophylaxis for
many surgical procedures is unquestioned. According to
the National Nosocomial Infections Surveillance System
(NNIS) of the Centers for Disease Control and Prevention
(CDC), the risk of any operation for a surgical site infec-
tion is composed of three factors: the medical condition of
the patient according to the American Association of Anes-
thesiologists (ASA) classification system, the status of the
wound in the Altemeier classification (i.e., only clean
wounds pose no additional risk), and if the duration of the
procedure exceeds the predefined 75th percentile for dura-
tion. As the number of risk factors increases, the risk of
surgical site infection increases for virtually every type of
operation, even those considered clean (Table 13.8). Obe-
sity, protein-calorie malnutrition, diabetes, hypocholes-
terolemia, and hypothermia are believed to increase the
risk of surgical site infection, along with a host of envi-

ronmental factors. Tables 13.9 and 13.10 describe some
common guidelines for prophylaxis.18

Examples of “clean” operations for which antibiotic pro-
phylaxis is of benefit include open heart operations, opera-
tions on the aorta or vessels in the groin (regardless of the
type of vascular graft to be used, if any), craniotomy, and open
reduction of closed fractures. The administration of antibi-
otic prophylaxis may be considered optional for breast surgery
and groin hernia surgery.

Studies indicate clearly that antibiotic prophylaxis is most
effective when the antibiotic is present in tissue before the
skin incision is made. Antibiotics are ineffective when ad-
ministration is delayed for 3 h, and effectiveness is interme-
diate when antibiotics are administered within that interval.
Administration is ideally complete, or at least under way,
when the patient arrives in the operating room.

Current trends are toward a limited duration of pro-
phylaxis. A regimen consisting of only a single preoperative
dose of antibiotic appears to be as effective as a longer reg-
imen. A second dose may be beneficial after 3 to 4 h (1–2
half-lives of the drug used) if the operation lasts longer. No
data exist to support prophylactic use beyond that point, al-
though many surgeons still prefer to continue the regimen
for 24 h. Regimens that extend beyond 24 h are unsup-
portable. In particular, there is no rationale for longer
courses of antibiotics because an operation was subjectively
more difficult or because of inadvertent contamination of
the operative field.

Steroid Prophylaxis

It is traditional that patients who are on a maintenence glu-
cocorticoid regimen, or who have received corticosteroids
within the last 6 months, should receive supplemental
“stress-dose” steroid prophylaxis from concern that a hy-
pophyseal–pituitary–adrenal axis suppressed by exogenous
steroids may not respond to surgical stress. However, this
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TABLE 13.8. Surgical Site Infection Rates (%) For Selected Operations, Stratified by Risk Category.a

Zero One Two Three
Operation risk factors risk factor risk factors risk factors

Coronary artery bypass graft, 0.84 3.29 5.56 17.86
chest and leg (combined)
Cholecystectomy 0.54 0.81 2.25 3.98
Colectomy 4.32 6.51 10.53 13.90
Exploratory laparotomy 1.94 3.32 6.92 9.89
Vascular surgery 1.34 2.01 5.15 8.83

Two or three
risk factors

Thoracic surgery 0.50 1.59 3.49
Appendectomy 1.30 3.11 6.25
Hepatic/pancreatic surgery 2.80 6.10 10.20
Gastric surgery 2.79 5.57 12.37
Small-bowel surgery 5.28 7.70 10.65
Herniorraphy 0.93 2.06 3.10
Open reduction of fracture 0.81 1.44 2.91
aRisk factors are outlined in text.

National Nosocomial Infection Surveillance System, Centers for Disease Control and Prevention 1992–1997.
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TABLE 13.9.

Summary of Consensus-Based Guideline Recommendations for Endocarditis Prophylaxis for Nondental Procedures 
by the American Heart Association, 1997.

High-Risk Cardiac Lesions Previous endocarditis
Prosthetic heart valve
Complex cyanotic congenital heart disease
Surgical systemic–pulmonary shunt or conduit

Moderate-Risk Cardiac Lesions Other forms of congenital heart disease (but not uncomplicated 
secundum atrial septal defect)

Acquired valvular disease (e.g., rheumatic)
Hypertrophic cardiomyopathy
Mitral valve prolapse with documented regurgitation or thickened leaflets.

Cardiac Lesions Not at Risk Prior coronary artery bypass
Pacemaker
Implanted automatic defibrillator

Surgical Procedures with Incision of any gastrointestinal, lower respiratory tract, or genitourinary 
Endocarditis Risk tract mucosa

Tonsillectomy/adenoidectomy
Rigid bronchoscopy
Biliary tract surgery, ERCP with sphincterotomy
Cystoscopy
Esophageal sclerotherapy or dilation of stricture

Surgical Procedures with No Clean operations, especially of skin or skin structures (e.g., inguinal 
Endocarditis Risk herniorraphy, breast surgery)

Percutaneous vascular catheter placement
Endotracheal, gastrointestinal, or urinary catheterization (intubation)
Bronchoscopy or gastrointestinal endoscopy without biopsy
Cardiac catheterization
Vaginal delivery or hysterectomy

Route of Administration for Low/Moderate High Endocarditis Risk
Dosing in Adults Endocarditis Risk

Oral Amoxicillin 2 g, Oral prophylaxis not recommended primarily. If ampicillin is given 
1 h preop parenterally to a high-risk patient, a single 1-g dose of ampicillin 

i.m./i.v. or amoxicillin p.o. should be given 6 h afterward.
Parenteral Ampicillin Ampicillin 2 g i.v./i.m., 30 min preop, plus gentamicin 1.5 mg/kg i.v./i.m., 

2 g i.v./i.m., 30 min preop (120 mg max). A postoperative dose of ampicillin or 
30 min preop amoxicillin is given as noted above.

Penicillin allergy Vancomycin 1 g i.v. Vancomycin 1 g i.v. over 1 h beginning 1 h before procedure, plus
over 1 h, beginning gentamicin 1.5 mg/kg i.v./i.m., 30 min preop (120 mg max). 
1 h before procedure No postoperative dose is necessary.

conventional wisdom is being revisited. A consensus-based
guideline (there being virtually no class I data) has suggested
that traditional doses are far too high and are given for too
long.19 A minor surgical stress (e.g., inguinal herniorraphy)
may not need steroid supplementation at all, whereas a ma-
jor stress (e.g., esophagogastrectomy) may need only 150 to
200 mg hydrocortisone/day for 1 to 2 days.

Of course, there must be a high index of suspicion for
adrenal insufficiency in such patients, which can be precipi-
tated by postoperative events, such as infection. The diagno-
sis is best made by a stimulation test using cosyntropin. A
baseline cortisol concentration is drawn and 0.01 or 0.25 mg
cosyntropin is administered intravenously; it is believed that
the lower dose is more sensitive. The serum cortisol con-
centration is repeated 30 to 60 min after the challenge. Glu-
cocorticoids can be given immediately thereafter as indicated,
pending the results. The diagnosis is confirmed if none of the
values exceeds 20 ng/ml and the stimulated cortisol concen-
tration does not increase by at least 7 ng/ml. Patients respond
hemodynamically within 12 to 24 h of starting glucocorticoid
(hydrocortisone, 75 mg q 8 h or equivalent), but it may take
several days to correct the electrolyte abnormalities.

Resuscitation: The Interface Between 
Pre- and Postoperative Care

Patients may require resuscitation to prepare for surgery (e.g.,
small-bowel obstruction, penetrating trauma to the torso), or re-
suscitation may be the primary therapeutic modality (e.g., acute
alcoholic pancreatitis, stable pelvic fracture with no associated
injuries). Postoperative patients often require fluid resuscitation,
especially if intraoperative fluid requirements have been un-
derestimated, evaporative losses are high because a body cavity
(especially both chest and abdomen) is open for a prolonged pe-
riod, the patient is hypothermic, or there has been an osmotic
diuresis from hyperglycemia or the administration of mannitol.

Blood Tests and Monitoring Technology 
as Guides to Resuscitation

Several blood tests are available to guide resuscitation. Either
a lactate concentration can be measured or the base deficit
can be calculated. Either, in the absence of another cause of
metabolic acidosis, can be used to estimate the adequacy of
global tissue perfusion.



Hemodynamic monitoring is usually instituted at some
point if the clinician is disconcerted by the volume of fluid
required by a high-risk patient, or if there is persistent aci-
dosis or hemodynamic instability. Vascular access is usually
obtained via percutaneous cannulation of a subclavian or in-
ternal jugular vein. Central venous pressure (CVP) can be
measured from the superior vena cava; the access is more re-
liable than that provided by peripheral vein cannulas, and
prodigious volumes of fluid (several liters/hour) can be ad-
ministered through a multilumen catheter. Central venous
pressure is only tangentially related to intravascular volume
or myocardial function; it can provide an estimate of right
ventricular preload, but right ventricular function is more a
function of right ventricular end-diastolic volume than any

right-sided pressure. Only in the setting of left ventricular
function that is known to be normal can any inference be
drawn from CVP data. Valvular heart disease (especially mi-
tral stenosis and tricuspid insufficiency) and pulmonary hy-
pertension (common in acute lung injury and acute hydro-
static pulmonary edema and occasionally present in chronic
obstructive pulmonary disease) can make CVP readings very
difficult to interpret.

Even more invasive is placement of a balloon-tipped pul-
monary artery flotation (PA) catheter, but there is scant evi-
dence to suggest that its use improves outcomes. See the chap-
ter on critical care for further discussion of the use of PA
catheters and use of oxygen delivery/consumption monitor-
ing techniques.

1 3 6 CHAPTER 13

TABLE 13.10. Appropriate Cephalosporin Prophylaxis for Selected Operations.a

Alternative prophylaxis in
Operation serious penicillin allergy

First-generation cephalosporin (i.e., cefazolin)
Cardiovascular and thoracic Vancomycin (for all cases herein 

except amputation)b
Median sternotomy
Pacemaker insertion
Vascular reconstruction involving the abdominal aorta,

insertion of a prosthesis, or a groin incision (except
carotid endarterectomy, which requires no prophylaxis)

Implantable defibrillator
Pulmonary resection
Lower limb amputation Gentamicin and metronidazole

General
Cholecystectomy Gentamicin

(High risk only: age �60, jaundice, acute, prior biliary 
procedure)

Gastrectomy Gentamicin and metronidazole
(High risk only: not uncomplicated chronic duodenal 
ulcer)

Hepatobiliary Gentamicin and metronidazole
Major debridement of traumatic wound Gentamicin

Genitourinary
Ampicillin plus gentamicin Ciprofloxacin

Gynecological
Cesarean section (STAT) Metronidazole (after cord clamping)
Hysterectomy Doxycycline

Head and neck/oral cavity
Major procedures entering oral cavity or pharynx Gentamicin and metronidazole

Neurosurgery
Craniotomy Clindamycin, vancomycin

Orthopedics
Major joint arthroplasty Vancomycinb

Open reduction of closed fracture Vancomycinb

Second-generation (i.e., cefoxitin)c
Appendectomy Metronidazole with or without

gentamicin (for all cases herein)
Colon surgeryd

Surgery for penetrating abdominal trauma
aShould be given as a single intravenous dose just before the operation. Consider an additional dose if the operation
is prolonged.
bPrimary prophylaxis with vancomycin (i.e., for the non-penicillin-allergic patient) may be appropriate for cardiac
valve replacement, placement of a nontissue peripheral vascular prosthesis, or total joint replacement in institutions
where a high rate of infections with methicillin-resistant Staphylococcus aureus or Staphylococcus epidermidis has
occurred. A single dose administered immediately before surgery is sufficient unless operation lasts for more than 6
h, in which case the dose should be repeated. Prophylaxis should be discontinued after a maximum of two doses.
cAn intraoperative dose should be given if cefoxitin is used and the duration of surgery exceeds 3–4 h, because of
the short half-life of the drug. A postoperative dose is not necessary.
dBenefit beyond that provided by bowel preparation with mechanical cleansing and oral neomycin and erythromycin
base is debatable.



Transfusion of Blood and Blood Products

The decision to transfuse a patient with blood or blood prod-
ucts must be predicated on several factors, such as the un-
derlying diagnosis (Tables 13.11–13.13),20,21 the availability
of blood, the “optimal” hematocrit for oxygen transport, and
alternatives to transfusion itself. Several recent studies indi-
cate that higher transfusion targets (hemoglobin, 8–10 g/dl)
may lead to higher mortality than the more parsimonious
strategy of transfusion for a hemoglobin concentration of
about 7–8 g/dl.22,23

Predonation Strategies

Acute preoperative hemodilution with reinfusion and periop-
erative autologous blood salvage (“cell saver”) techniques are
essentially autologous transfusion practices. However, from
the standpoint of patient preparation for elective surgery, pre-
operative autologous blood donation is the popular approach.
Directed blood transfusions are no safer than transfusions from
anonymous volunteer donors, but are encouraged in select cir-

cumstances in which the likelihood of transfusion is high.
Such a strategy, employed rationally, can decrease the likeli-
hood of allogeneic transfusion by up to 80% in elective
surgery. Successful donation of the requested number of units
of blood, based on established maximal surgical blood-order-
ing schedules maintained by the blood bank, requires atten-
tion to the mechanics of the donation process (Table 13.14).
Patients who are not anemic (hematocrit �40%) can donate
approximately one unit of blood per week, although the final
donation can be as few as 3 days before surgery. Anemic pa-
tients are less likely to complete the scheduled donations and
to receive allogeneic blood, and therefore may benefit from ag-
gressive and innovative blood procurement strategies. All pa-
tients accepted by the blood bank are placed on oral iron sup-
plementation (325 mg p.o. tid) before the first scheduled
donation. Concomitant ingestion of 500 mg vitamin C with
each dose of iron optimizes absorption of iron from the duo-
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TABLE 13.12.

Summary of Evidence-Based Guidelines for Red
Blood Cell Transfusions for Acute Blood Loss.a

TABLE 13.11. Indications for Blood and Blood Component Therapies.

Leukocyte-reduced red blood cell units
Congental hemolytic anemias
Hypoproliferative anemias likely to need multiple transfusions
Recurrent severe febrile hemolytic transfusion reactions
Known HLA alloimmunization

Irradiated cellular blood components
Bone marrow/stem cell transplants
Intrauterine/postuterine transfusions
Directed donations (HLA-matched or blood-relative donors)
Hodgkin disease
Acute lymphocytic leukemia
Solid-organ transplant recipients
Antineoplastic chemo- or radiotherapy
Exchange transfusion/extracorporeal membrane oxygenation
HIV opportunistic infections

Evaluate for risk of ischemia
Estimate/anticipate degree of blood loss

�30% rapid volume loss probably does not require transfusion
in a previously healthy person

Measure hemoglobin concentration
�6 g/dl: transfusion usually needed
6–10 g/dl: transfusion dictated by clinical circumstance
�10 g/dl: transfusion rarely needed

Measure vital signs/tissue oxygenation when Hb 6–10 g/dl
and extent of blood loss is unknown

Tachycardia hypotension refractory to volume: transfusion
needed
PvO2, O2 extraction ratio �50%, VO2 �50% of baseline: trans-
fusion usually needed

aPractice Parameter of the College of American Pathologists, 1997.

TABLE 13.13.

Summary of Evidence-Based Guidelines for Red Blood Cell and Plasma Transfusions.a

Red Blood Cell Transfusions
Level I: No recommendations.
Level II: Transfusions should be given to alleviate symptoms or mortality.

No single transfusion trigger is appropriate for all patients or situations.
Red blood cell concentrates should not be used to expand intravascular volume when 

oxygen carrying capacity is adequate.
Red blood cell concentrates should not be used to treat anemia if less risky alternatives

are available.

Fresh Frozen Plasma Transfusions
Level I: FFP is indicated for adult thrombotic thrombocytopenic purpura, followed by plasma-

pheresis.
Level II: FFP is indicated for bleeding in patients with abnormal PT, aPTT, or INR. FFP is not 

indicated prophylactically for INR �2.0.
FFP is indicated for therapy of disseminated intravascular coagulation, provided the 

precipitant can be treated effectively.
FFP is indicated for massive transfusion with microvascular bleeding and abnormal 

tests of coagulation.
aCanadian Medical Association Expert Working Group; level III guidelines excluded.

Source: Adapted from Innes.21



denum. A unit of blood can usually be collected twice a week
so long as the hematocrit is 33% or higher.

Gastrointestinal Prophylaxis

Most gastrointestinal prophylactic efforts are directed against
stress-related gastric mucosal hemorrhage, which has de-
creased in incidence and importance in the aftermath of the
introduction of effective prophylactic methods and improved
nutritional therapy. Historically, “stress gastritis,” as it is
popularly but inaccurately known, affected about 20% of crit-
ically ill patients, but the incidence has been reduced by about
90% with the introduction of antacid prophylaxis, and par-
enteral H2-histamine receptor antagonists.

Nutritional Support

Total Parenteral Nutrition

Total parenteral nutrition (TPN) is standard therapy for
many hospitalized patients when clinical conditions pre-
clude enteral or oral feeding. However, clear evidence that
this administration improves outcome is lacking. Long-term
nutritional support is possible by administration of vitamins
and minerals along with amino acids and dextrose and the
periodic supplementation of 10% lipid emulsion. The con-
centration of amino acids and dextrose can be modified to
tailor therapy to specific conditions (e.g., 40% dextrose
rather than 25% for patients whose fluid intake must be
minimized).

Parenteral nutrition has numerous complications that
limit its use. Although dilute solutions are sometimes ad-
ministered peripherally, TPN therapy usually requires ad-
ministration into a central vein. Complications associated
with central vein administration include those related to
catheter placement (e.g., arterial puncture, dysrhythmias, me-
diastinal hematoma, pneumothorax, extravascular place-
ment) or the indwelling state (e.g., infection, especially bac-
termia), central vein thrombosis, and the rare complications

of air embolism or erosion of the catheter tip into the medi-
astinum).

Potential metabolic complications include fluid overload,
electrolyte abnormalities, hyperglycemia or hypoglycemia,
and overfeeding. Hyperglycemia is common because of the
large number of diabetic patients who require major surgery,
and because of the insulin resistance that is characteristic of
sepsis and surgical stress (see following). Regular insulin is
most conveniently added to the solution directly, but can also
be administered either by subcutaneous injection, intra-
venous bolus, or supplemental infusion. In the event of an
abrupt cessation of TPN therapy, the infusion of even a 5%
dextrose solution should be sufficient to prevent hypo-
glycemia. In unusual cases, hepatic dysfunction (usually re-
sulting from ischemia/reperfusion injury or cholestasis, but
to which TPN may contribute) may become so severe that
gluconeogenesis is impaired.

Patients who are fed intravenously with TPN sustain
small-bowel mucosal atrophy and may have impaired im-
mune function. Whether this translates into a clinically im-
portant injury in most patients remains a matter of specula-
tion. Patients fed with TPN may develop cholestasis with or
without the formation of sludge or stones in the gallbladder.
It has been hypothesized that the administration of even
small amounts of enteral feedings to TPN-dependent patients
may protect the gut, but proof is lacking.

Enteral Nutrition

At least 18 randomized, controlled prospective trials have ex-
amined the effects of early enteral feedings (usually defined
as feedings within 24 h vs. 3–5 days), mostly in clinical set-
tings of trauma of various types, burns, and major elective ab-
dominal surgery.24 The principal endpoints involved have
been mortality, length of stay, and the incidence of infection.
Significant benefit was demonstrated in 5 of 7 studies of ma-
jor abdominal surgery, without a predominant type of bene-
fit. In contrast, an improved outcome was demonstrated in 6
of 7 studies of trauma patients, manifested notably by a re-
duced length of hospital stay of patients with a femur frac-
ture. An improved outcome was noted in all 3 studies of burn
patients as well.

Regarding nasoenteric tubes, it is not clear that the
catheter tip must be in the duodenum before the initiation of
feedings. Many clinicians now have few reservations about
feeding into the stomach so long as caution is exercised (head 
of bed up 30°, frequent checks for residuals that may reflect 
ileus or intolerance, meticulous pulmonary toilet, and use of
promotility agents).

The most common complication of enteral nutrition is
diarrhea, which causes loss of nutrients as well as fluid and
electrolyte abnormalities. Diarrhea can occur even when feed-
ing with an iso-osmotic solution. Once a diagnosis of Clostrid-
ium difficile colitis has been excluded, diarrhea may be con-
trolled by the addition of opioids (e.g., dilute tincture of
opium), or discontinuance of any promotility agents. Hyper-
glycemia is less of a problem than with TPN, but is managed
in a similar fashion. The clinician must also be alert to the
possibility of the late complications of sinusitis and tra-
cheoesophageal fistula, especially in patients with endotra-
cheal or tracheostomy tubes.

1 3 8 CHAPTER 13

TABLE 13.14. Selected Surgical Procedures and Likelihood 
of Blood Transfusion.

Low (�25%) risk: no likely benefit from preoperative autologous
donation

Childbirth
Cesarean section
Cholecystectomy
Transurethral prostatectomy
Vaginal delivery
Vaginal hysterectomy

High (�5%) risk: likely benefit from preoperative autologous 
donation

Abdominal hysterectomy
Cardiac surgery
Colorectal surgery
Craniotomy
Mastectomy
Radical prostatectomy
Spinal surgery
Total joint replacement
Vascular graft surgery



Diabetes Management

Carbohydrate metabolism is inherently unstable surrounding
periods of surgical stress, yet there are relatively few studies
available to inform management. The perceived need to keep
patients NPO for several hours before elective endotracheal
intubation will decrease caloric intake, as will mechanical
bowel preparation before colon surgery. For those patients
who require insulin and inject small amounts frequently ac-
cording to current recommended protocols, fluctuations in
blood glucose can be smoothed. For these patients who take
long-acting insulin or oral hypoglycemic agents, the poten-
tial danger of hypoglycemia before surgery often leads to a
recommendation to reduce the drug dosages. In the case of
metformin, cessation of therapy 48 h before surgery is manda-
tory to preclude the development of severe lactic acidosis.

Hyperglycemia is common in the immediate postopera-
tive period owing to the metabolic stress and counterregula-
tory hormone responses. Concentrated feeding, especially 
parenterally, can aggravate hyperglycemia. Hyperglycemia
begets glycosuria, which in turn is associated with osmotic
diuresis. Impaired wound healing and impaired leukocyte
function are additional consequences of diabetes.

Exogenous insulin can reverse or overcome many of the
metabolic disturbances, but blood glucose is not always
checked during surgery, and insulin is not always adminis-
tered, despite the widespread availability of accurate hand-
held glucometers. In the immediate postoperative period,
short-acting insulin is administered on a titrated “sliding-
scale” unless administered as a continuous infusion, usually
with TPN. Longer-acting agents, whether oral or parenteral,
are usually reserved until the patient is metabolically stable
with reliable oral intake. It may take 3 to 5 days after a ma-
jor surgical intervention to restore metabolic homeosta-
sis,25,26 regardless of the type of surgery.

Diabetic Ketoacidosis

Insulin deficiency and a synergistic increase in “stress” hor-
mone secretion (epinephrine, cortisol, glucagon) produce a vol-
ume-depleted, acidemic, hyperglycemic, and ketonemic state
with severe electrolyte abnormalities. Acutely decompensated
type I diabetes mellitus is the most common underlying prob-
lem, and the cause of the destabilization is usually infection.
Frequently, diabetic ketoacidosis (DKA) is the presenting man-
ifestation of previously undiagnosed diabetes. Other precipi-
tants may include pregnancy, acute myocardial infarction,
trauma, acute psychiatric illness, or major surgery. Endocrine
precipitants include thyrotoxicosis and pheochromocytoma.

The massive hyperglycemia is caused primarily by acceler-
ated gluconeogenesis in the face of reduced peripheral glucose
utilization and catabolism of lean tissue and lipid stores. Serum
hyperosmolarity precipitates an osmotic diuresis with subse-
quent volume depletion and paradoxical dilutional hypona-
tremia. Ketonemia results from the inability to metabolize mo-
bilized long-chain fatty acids via lipogenic pathways. A high
index of suspicion for DKA is indicated in patients with dehy-
dration, vomiting, tachypnea, severe abdominal pain, obtunda-
tion, or a combination of those findings. Diagnostic criteria for
DKA include blood glucose above 700 mg/dl, serum osmolar-
ity above 340 mOsm/l, arterial pH below 7.30 with PaCO2

40 mm Hg or less, ketonemia, and ketonuria. The differential
diagnosis includes lactic acidosis, uremia, various intoxicants
(including ethanol), sepsis syndrome, cerebrovascular accident,
and intraabdominal catastrophe. Patients with hyperosmolar
nonketotic coma (HHNC; see following) by definition do not
have ketonemia, although HHNC and DKA may coexist.

Effective treatment for DKA requires simultaneous meta-
bolic management and a search for the precipitant. An elec-
trocardiogram must always be obtained to rule out the “silent”
myocardial infarction typical of diabetic patients. Patients with
DKA may have a volume deficit as great as 10 l, and therefore
vigorous fluid replacement is essential. Hypotonic saline is the
treatment of choice. When the blood glucose decreases below
250 mg/dl, resuscitation continues with 5% dextrose in water
(D5W) to prevent hypoglycemia and cerebral edema. Central
hemodynamic monitoring is used as indicated.

All patients in DKA require prompt insulin treatment. Af-
ter a bolus dose of 10 to 30 units, a continuous infusion of
short-acting (regular) insulin, 5 to 10 units per hour, is effec-
tive and safe if monitored closely. Longer-acting insulin
preparations should not be used until the patient’s condition
has stabilized and oral intake is possible.

Bicarbonate therapy in DKA is seldom necessary, because
metabolism of acetoacetate and �-hydroxybutyrate generates
bicarbonate. Indications for bicarbonate therapy in DKA in-
clude arterial pH below 7.1 or HCO3 level below 10 mEq/dl,
or to relieve the discomfort of Kussmaul respirations. In con-
trast, potassium supplementation is invariably required. Ke-
tonuria, diuresis, and frequent vomiting can produce marked
potassium depletion, which may be masked initially as in-
tracellular stores shift to the extracellular space in response
to acidosis. Correction of acidosis will unmask marked 
hypokalemia.

Hyperglycemic Hyperosmolar Nonketotic Coma

Patients with HHNC present with very high blood glucose
concentrations (sometimes �1000 mg/dl), depressed senso-
rium, marked dehydration, and prerenal azotemia. By defini-
tion, acidosis, ketonemia, and ketonuria are absent unless
there is coexistent DKA. Precipitants include many stresses
typical of the surgical patient, including burns, severe infec-
tions, pancreatitis, and major surgery.

As with DKA, therapy consists of rehydration, intra-
venous insulin, electrolyte replacement, and correction of the
precipitant. Isotonic saline is the fluid of choice except for
the hypernatremic patient. As much as 10 l may be required
in the first 24 h. Potassium supplementation up to 20 mEq/h
may be necessary. Fluid administration is then adjusted based
upon the response to resuscitation. Intravenous insulin is
given as an infusion of 6–10 U/h until blood glucose is below
250 mg/dl, when a change is also made to dextrose-contain-
ing fluid to prevent hypoglycemia and cerebral edema.

The Approach to the Febrile Surgical Patient

Fever is common in surgical patients. The list of potential
causes of fever is long, and includes many noninfectious eti-
ologies (Table 13.15). Any fever in a surgical patient is a po-
tential cause for concern. Current guidelines for the evalua-
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tion of fever in critically ill adults suggest that fever man-
dates a history and physical examination (Table 13.16).27 Sub-
sequent testing should be based on the findings of the clini-
cal evaluation; in some instances, no further evaluation will
be necessary.

What Constitutes a Fever?

The magnitude of elevation in temperature necessary to con-
stitute a fever may simply be the particular temperature at
which the clinician believes that investigation is necessary,
most commonly in the range of 38.0° to 38.5°C. Elevated body
temperature increases basal metabolic rate 7%–15%/°C, but
aside from increased insensible fluid losses and some dis-
comfort, fever is usually not the primary source of morbid-
ity. Tachycardia or increased oxygen demand may make it
desirable to suppress fever in select patients with coronary is-
chemia or critical acute respiratory failure. However, most
adults with a temperature of 40°C or less do not specifically

require a reduction in temperature (if the temperature is
�41°C, there is a risk of neurological injury). If antipyretic
therapy is chosen, cyclooxygenase inhibition is most effec-
tive, bearing in mind that deleterious effects upon renal func-
tion and the gastric mucosa are possible with nonspecific
COX inhibitors. The new COX-2 selective inhibitors are ef-
fective antipyretics, but at this time they are only available
orally, and the risk of gastric injury is not entirely eliminated.
Topical cooling is ineffective, although core cooling (e.g., iced
fluid lavage of the stomach) can be effective.

Noninfectious Causes of Fever

A nosocomial infection is a less likely cause of postoperative
fever than a noninfectious cause in the first 48 h after surgery. 

The most common cause of postoperative fever is atelec-
tasis. If early postoperative atelectasis is present, pulmonary
physiotherapy and early ambulation (if possible) should be un-
dertaken immediately; cultures are generally not useful in the
immediate postoperative period. It is unusual for a fresh post-
operative patient to have been admitted with a community-
acquired pneumonia, but the clinician must remain alert to
the possibility. After the third postoperative day, nosocomial
pneumonia is possible. In addition to atelectasis, aspiration
pneumonitis (which is usually noninfectious), tissue ischemia
or infarction, acute vasculitis, gout or pseudogout, intracere-
bral hemorrhage, retroperitoneal hematoma, pericarditis, and
transfusion reactions can cause fever. There are several mis-
cellaneous causes of fever that are not caused by infection.
Withdrawal of alcohol, benzodiazepines, or opioids can all
cause fever.

Endocrine emergencies, including acute adrenal insuffi-
ciency or thyroid storm, can be very challenging to diagnose
because they can be precipitated by infection. Adrenal insuf-
ficiency and thyrotoxicosis can create extremely high fevers
with a constellation of systemic signs. These endocrino-
pathies can be precipitated by infection, compounding the di-
agnostic confusion. Two types of patients are at high risk for
adrenal insufficiency, including those patients with a history
of corticosteroid use and those with a acute condition that
ablates adrenal function. Patients with adrenal insufficiency
present with variable degrees of temperature elevation, hy-
potension, hyponatremia, hyperkalemia, or hypoglycemia. 
Severe thyrotoxicosis or thyroid storm can cause fevers 
above 39.0°C with a variety of other systemic signs includ-
ing tachyarrhythmias, atrial fibrillation, diaphoresis, palpita-
tions, congestive heart failure, gastrointestinal symptoms (ab-
dominal pain, nausea, vomiting, and diarrhea), neurological
symptoms (tremors, seizures, anxiety), and heat intolerance.
Treatment is supportive and includes propranolol, fluids, io-
dine, and possibly antithyroidal agents such as methimazole
or propylthiouracil.

DRUG FEVER

Fever coincident with administration of a drug that disap-
pears after discontinuance, when no other cause of fever is
apparent, characterizes the disorder. The diagnosis is there-
fore one of exclusion, and skepticism is always in order for
fear of overlooking another treatable cause of fever. True 
drug-related fever probably accounts for no more than 2% to
3% of episodes of fever in hospitalized patients. As a group,

1 4 0 CHAPTER 13

TABLE 13.15. Noninfectious Causes of Fever of Importance 
in Surgical Patients.

Cardiovascular
Myocardial infarction
Aortic dissection
Pericarditis

Central nervous system disease
Cavernous sinus thrombosis
Hypothalamic dysfunction
Nonhemorrhagic infarction/stroke
Seizures
Subarachnoid hemorrhage
Traumatic brain injury

Gastroenterological
Acalculous cholecystitis
Gastrointestinal hemorrhage
Hepatitis (toxic/ischemic)
Inflammatory bowel disease
Ischemic colitis
Pancreatitis (early)

Hematological
Venous thrombosis (superficial or deep)
Retroperitoneal/pelvic hemorrhage/hematoma
Transfusion reaction

Inflammatory
Gout/pseudogout
Intramuscular injections
Transplant rejection
Vasculitis

Endocrine/metabolic
Adrenal insufficiency
Alcohol/drug withdrawal
Hyperthyroidism

Miscellaneous
Allergic drug reaction
Drug fever
Tissue ischemia/infarction

Neoplastic
Febrile neutropenia
Metastatic disease
Primary tumors

Pulmonary/airway
Acute respiratory distress syndrome (fibroproliferative phase)
Atelectasis
Aspiration pneumonitis
Pulmonary embolism/infarction



TABLE 13.16.

Evidence-Based Practice Management Guideline for the Evaluation of Fever in Critically Ill Adult Patients.a

Temperature Measurement
Level I: Record the temperature and the site of measurement in the patient’s medical record.

The nosocomial spread of pathogens must be avoided when using temperature measurement devices.
Level II: Temperature is measured most accurately by indwelling vascular or bladder thermistors, but most other sites are 

acceptable. Axillary measurements should not be used.
Laboratory testing for the evaluation of fever should be individualized for each patient.

Blood Cultures
Level I: For skin preparation, povidone-iodine should be allowed to try for 2 min, or tincture of iodine for 30 s. Alcohol skin 

preparation, an acceptable alternative for iodine-allergic patients, need not be allowed to dry.
Level II: Obtain a single pair of blood cultures after appropriate skin disinfection after the initial temperature elevation, and another 

pair within 24 h thereafter from a second peripheral site. Additional cultures should be based on high clinical suspicion
of bacteremia or fungemia, and not instituted automatically for each temperature elevation.

If two peripheral sites are not available, one pair of cultures may be drawn through the most recently inserted catheter, 
but the diagnostic accuracy is reduced.

Draw at least 10–15 ml blood/culture.

Suspected Intravascular Catheter Infection
Level II: Examine the catheter insertion site for purulence, and distally on the extremity for signs of vascular compromise or 

embolization.
Any expressed purulence from an insertion site should be collected for culture and Gram stain.
The catheter should be removed and cultured for evidence of a tunnel infection, embolic phenomena, vascular 

compromise, or sepsis.
Two blood cultures should be drawn peripherally, or one may be drawn from the most proximal port (if a multilumen 

catheter).
Both the introducer and the catheter itself should be cultured for suspected pulmonary artery catheter infection.
It is not routinely necessary to culture the intravenous fluid infusate.

Suspected ICU-Acquired Pneumonia
Level I: A chest X-ray should be obtained to evaluate for suspected pneumonia. Postero-anterior and lateral films or computed 

tomography of the chest can offer more information.
Level II: Lower respiratory tract secretions should be sampled for direct examination and culture. Bronchoscopy may be considered.

Respiratory secretions should be transported to the laboratory within 2 h of collection
Pleural fluid should be obtained for culture and Gram stain if there is an adjacent infiltrate or another reason to suspect 

infection.

Evaluation of the Febrile Patient with Diarrhea
Level II: If more than two diarrheal stools occur, a single stool sample should be sent for Clostridium difficile evaluation. A second 

sample should be sent if the first is negative and suspicion remains high.
If illness is severe and rapid testing is unavailable or nondiagnostic, consider flexible sigmoidoscopy.
If illness is severe, consider empiric therapy with metronidazole until the results of studies are available. Empiric therapy 

(especially with vancomycin) is not recommended if two stool evaluations have been negative for C. difficile, and is
discouraged because of the risk of producing resistant pathogens.

Stool cultures are rarely indicated for other enteric pathogens if the patient is HIV-negative or did not present to the 
hospital with diarrhea.

Suspected Urinary Tract Infection
Level II: Obtain urine for culture and to evaluate for pyuria. If the patient has an indwelling Foley catheter, urine should be 

collected from the urine port and not the drainage bag.
The specimen should be transported rapidly to the laboratory, or refrigerated if transport will exceed 1 h.

Suspected Sinusitis
Level I: Aspirate should be Gram stained and cultured.
Level II: Computed tomography of the facial sinuses is the imaging modality of choice for the diagnosis of sinusitis.

Puncture and aspiration of the sinuses should be performed using sterile technique if mucosal thickening or an air–fluid 
level is present in the sinus.

Postoperative Fever
Level II: Examine the surgical wound for erythema, fluctuance, tenderness, or purulent drainage.

Open the wound for suspicion of infection.
Culture and Gram stain should be obtained from purulent material if from deep within the wound.

Suspected Central Nervous System Infection
Level II: Gram stain and culture of cerebrospinal fluid should be performed in cases of suspected infection. Other tests should be 

predicated on the clinical situation.
A computed tomographic study is usually required before lumbar puncture, which may need to be deferred if a mass lesion 

is present.
Consider lumbar puncture for new fever with unexplained alteration of consciousness or focal neurological signs.
In febrile patients with an intracranial device, cerebrospinal fluid should be sent for culture and Gram stain.

Noninfectious Causes of Fever
Level II Reevaluate all recent medications and blood products the patient has received.

Stop all nonessential medications, or substitute medications for treatments that cannot be stopped.
aSummary of clinical recommendations, Society of Critical Care Medicine, 1998; level III guidelines excluded.

Source: Adapted from O’Grady et al.27
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antimicrobial agents are the most common cause of fever.
Penicillins, cephalosporins, tetracyclines, and vancomycin
are commonly prescribed culprits. Fever usually abates within 
72 h of discontinuance of the offending drug unless its half-
life is prolonged (e.g., phenytoin), so additional therapy is usu-
ally unwarranted.

Malignant hyperthermia sundrome can occur when cer-
tain anesthetics and adjuncts (e.g., succinylcholine, volatile
hydrocarbons) produce a rapid uncoupling of oxidative phos-
phorylation in susceptible patients, which is often fatal
(30%–70% mortality). Medication for both prophylaxis and
the overt syndrome includes the administration of freshly pre-
pared dantrolene (1–2 mg/kg every 10 min), along with sup-
portive care. Malignant hyperthermia usually does not re-
spond to antipyretic therapy.

Another form of hyperthermia, neuroleptic malignant
syndrome (NMS), occurs in patients taking neuroleptic drugs,
typically phenothiazines or butyrophenones, although meto-
clopramide therapy has been implicated. Both malignant hy-
perthermia and NMS present with similar symptoms and
have similar therapies, except that the magnitude of the core
temperature response is somewhat lower, and signs of mus-
cle damage (tenderness, immobility, and elevated serum cre-
atinine phosphokinase) are absent in NMS.

HEMATOLOGICAL CAUSES OF FEVER

Several hematological causes of fever exist (see Table 13.15).
One of the most common causes of fever in the inpatient set-
ting is a transfusion reaction. Almost any neoplasm itself may
manifest fever. The postchemotherapeutic state may lead to
the “tumor lysis syndrome,” which is a common source of
fever in hospitalized cancer patients. Febrile neutropenia is
common on oncology wards and bone marrow transplant units,
and the initiation of therapy with any of the colony-stimulat-
ing factors or cytokines (e.g., IL-2 therapy) may also cause fever.

Almost any intracranial pathology can lead to centrally
mediated fevers. Any traumatic or infectious condition of the
brain can stimulate a hyperpyrexic response, but most com-
mon is subarachnoid hemorrhage. In actuality, a blood clot
anywhere in the body can cause fever. For lower-extremity
deep venous thrombosis, the diagnostic approach includes
lower-extremity duplex ultrasound studies, or, in some in-
stitutions, magnetic resonance imaging of the pelvic veins.28

Although ICU patients are at high risk for venous throm-
boembolism, routine screening does not appear to be cost-ef-
fective. Many authorities believe that helical CT has now
supplanted venography/pulmonary angiography for the diag-
nosis of venous thromboembolism.29

If a central catheter-related venous thrombosis occurs, the
therapy includes the removal of the catheter and the possi-
ble institution of anticoagulant or thrombolytic therapy. If
thrombolysis is chosen, it must be accomplished before the
catheter is removed to avoid the possibility of hemorrhage.
With arterial thrombosis, it is often the resulting tissue is-
chemia that causes fever.

Infectious Causes of Fever: Nosocomial Infection

Many emergency operations are performed for control of an
infection. Even under optimal circumstances (definitive sur-
gical source control, timely administration of appropriate

broad-spectrum antibiotics), it may take 72 h or more for the
patient to defervesce. New or persistent fever more than 3
days after surgery should raise a strong suspicion of persis-
tent illness or a new complication.

DEVICE-RELATED INFECTIONS, CATHETER-RELATED

INFECTIONS, AND VENTILATOR-ASSOCIATED PNEUMONIA

Nosocomial infections often arise in association with in-
dwelling devices. Examples of indwelling devices include in-
travascular catheters, endotracheal or tracheostomy tubes, or
other devices that breach or degrade a natural epithelial bar-
rier to infection. The presence of such catheters may suppress
local host defenses (e.g., endotracheal tubes), impede drainage
(e.g., nasotracheal tube), or increase the risk of aspiration (e.g.,
transesophageal or percutaneous gastric tubes; any artificial
airway).

The patients most at risk for pneumonia are those who
require prolonged mechanical ventilation ventilator-associ-
ated pneumonia, (VAP). Although the presence of (1) puru-
lent sputum, (2) fever, (3) leukocytosis, and (4) a new or
changed radiographic infiltrate may suggest pneumonia, the
diagnosis of pneumonia may not always be straightforward,
as critically ill patients may have abnormal studies from
nonpneumonic processes. Only about 40% of patients with
the four typical findings just enumerated are found to have
pneumonia when evaluated with a consistent and systematic
protocol that includes bronchoscopic sputum collection.30

Any oropharyngeal or nasopharyngeal apparatus can pro-
mote the development of sinusitis.31 Patients with maxillo-
facial or skull fractures or traumatic brain injury are at par-
ticularly increased risk. The optimal test for the diagnosis of
sinusitis is a CT scan with thin cuts of the facial bones, fol-
lowed by guided sinus aspiration and drainage for culture and
lavage in any patient with mucosal thickening or an air–fluid
level. The yield for such an approach is low and the evalua-
tion is laborious.

Peripheral or central venous catheters may become in-
fected. The notion that central catheters may be left un-
changed in situ is increasing. However, central lines are ac-
cessed frequently, may be used to infuse concentrated
solutions of dextrose or lipid formulas, and usually possess
multiple ports. Central venous catheters are therefore more
likely to lead to infection than peripheral catheters, although
new central venous catheters impregnated with antimicrobial
agents can decrease the risk.32 If the catheter has been placed
percutaneously, it should be removed. 

Urinary tract infection is commonplace because of the
ubiquitous use of urinary catheters but is seldom destabiliz-
ing. The duration of catheterization is the most important
risk factor for the development of nosocomial bacterial cys-
titis. Most episodes of bacteriuria are asymptomatic, but
symptoms, including fever and leukocytosis, can develop in
10% to 30% of patients. The indications for catheterization
should be reviewed daily. The best prevention and therapy is
removal of the catheter at the earliest opportunity.

Nosocomial Infections Not Related to Devices

Surgical site infection (SSI) or infection of a traumatic wound
is rare in the first few days after operation, because effective
methods of prevention are recognized. The only important
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exceptions to this rule are the development of erysipelas, a
necrotizing soft tissue infection caused by pyogenic strepto-
cocci, and clostridial fasciitis. Thus, it is important to take
down the surgical dressing to inspect the wound for a fever
in the early postoperative period. Other wound infections, ei-
ther of the incision or deeper tissues, generally manifest them-
selves after the fourth postoperative day in the absence of a
gross break in technique.

ANTIBIOTIC-ASSOCIATED COLITIS

One complication to which every surgical patient who receives
antibiotics is potentially subject is antibiotic-associated colitis
(AAC). The most distinguishable of these syndromes, pseudo-
membranous colitis, results from Clostridium difficile over-
growth and toxin production after antibiotic use, even a single
dose of a cephalosporin used appropriately for surgical wound
prophylaxis. Practically every antibiotic has been implicated
in the pathogenesis. The diagnosis of AAC usually depends on
isolation of exotoxin A or B from a fresh stool sample. Treat-
ment for AAC includes supportive care, the exclusion of peri-
tonitis or an indication for laparotomy, and metronidazole (in-
travenous or oral), which is comparable to oral vancomycin at
about 80% effectiveness, even for clinically severe cases. Oral
vancomycin can be used for patients who are intolerant of
metronidazole or who fail therapy with metronidazole, but
vancomycin use is discouraged for infection control reasons.
Vancomycin can be administered by gavage or enema if nec-
essary, because intravenous vancomycin is ineffective.

ACUTE ACALCULOUS CHOLECYSTITIS

Acalculous cholecystitis is sufficiently common that the di-
agnosis should be considered in every critically ill or injured
patient with a clinical picture of sepsis and no other obvious
source. Fever is generally present but other physical findings
are less reliable. Leukocytosis and hyperbilirubinemia are
nonspecific, and biochemical assays of hepatic enzymes are
of little help. The diagnosis of AAC thus often rests on radi-
ologic studies. Ultrasound of the gallbladder is the most ac-
curate modality to diagnose AAC.

The mainstay of therapy for AAC has been cholecystec-
tomy. Cholecystostomy can be a lifesaving alternative in the
unstable patient. Percutaneous cholecystostomy is gaining ac-
ceptance as an alternative to open procedures.33 The advan-
tages of percutaneous cholecystostomy are bedside applica-
bility, local anesthesia, and avoidance of an open procedure.
The technique controls the acute syndrome in about 85% of
patients.

Diagnostic Approach to Fever

An individual approach is essential, both for evaluation and for
therapy. Two major problems to resolve are distinguishing ster-
ile systemic inflammation from systemic infection and dis-
tinguishing bacterial colonization from tissue invasion. Many
patients with sterile inflammation (early pancreatitis, major
trauma, burns) develop an inflammatory host response char-
acterized by elaboration of the very cytokines implicated in
the febrile response. The clinical picture may be indistingish-
able from clinical infection. The distinction is critical because
these patients are at high risk to develop antibiotic-resistant
infections if unnecessary antibiotics are administered.34

A careful history and physical examination should direct
further diagnostic tests. The most commonly ordered initial
tests are cultures of blood, sputum, and urine. These tests
may be helpful in many patients, especially if the patient is
believed to have an infection, although the yield of blood cul-
tures is low in the postoperative period and in patients al-
ready on broad-spectrum antibiotics.35

Other frequently utilized tests include radiologic studies.
The most commonly performed is chest radiography to help
detect pneumonia. However, a CT scan can be often quite help-
ful, especially after abdominal surgery. Because of the earlier
presence of various nonspecific changes, the best yield for CT
scan for suspected intraabdominal abscess is at least 7 days af-
ter operation.

Empiric Antibiotic Therapy

Many courses of antibiotic therapy are inappropriate, either
because an amenable infection is not present or the chosen
drug is not effective against the likely pathogens, or because
the duration of treatment is too long.

In the absence of definitive data, the decision to start an-
tibiotics is based upon the likelihood of infection, its likely
source and the likely pathogens, and whether the patient’s
condition is sufficiently precarious that a delay will be detri-
mental. Outcome from many serious infections is improved
if antibiotics are started promptly, but on the other hand, only
about 40% of fever episodes in hospitalized patients are caused
by infection. Culture yields are highest before antibiotics have
been administered, which for certain types of specimens (e.g.,
blood, cerebrospinal fluid) can be crucial. However, for many
infections (e.g., bacteremia, intraabdominal infection, pneu-
monia), data indicate that early therapy with an appropriate
antibiotic in adequate dosage improves outcome.

Likely pathogens and corresponding choice of antimicro-
bial agent(s) must bve determined. It may be desirable to use
more than one antibiotic to treat an infection. This approach
is most common with empiric therapy, where the pathogen
(or even the source of the infection) is assumed (or guessed
at), and the potentialities are so broad and the consequences
of inaccurate initial therapy so deleterious that more than one
drug must be chosen. Two-drug empiric therapy is common-
place for presumed polymicrobial infections such as nosoco-
mial pneumonia or recurrent or persistent abdominal sepsis,
or for sepsis of unknown origin in the hospital. It is recom-
mended strongly that triple-antibiotic regimens (e.g., ampi-
cillin or vancomycin, plus gram-negative coverage, plus
metronidazole) should be avoided, because administration
costs are high and there is no added benefit.

DURATION OF THERAPY

The endpoint of antibiotic therapy is difficult to define. Un-
fortunately, duration of therapy is not well established in the
literature, and new studies are seldom designed with dura-
tion of therapy as a primary endpoint. Much depends on ex-
pertise and clinical judgment, which is accumulating in fa-
vor of shorter courses of therapy.

Every decision to start antibiotics must be accompanied
by a decision regarding the duration of therapy. A reason to
continue therapy beyond the predetermined endpoint must
be compelling.
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Among the many reasons to limit therapy to only that
which is needed is that antibiotic therapy has adverse conse-
quences. Adverse consequences of antibiotics include aller-
gic reactions; development of nosocomial superinfections, 
including fungal infections, enterococcal infections, and
Clostridium difficile-related disease; organ toxicity; promo-
tion of antibiotic resistance; reduced yield from subsequent
cultures; and vitamin K deficiency. The worldwide emergence
of multidrug-resistant bacteria, superinfections in immuno-
suppressed patients, and the increased mortality associated
with nosocomial infections in general make it important that
adequate therapy is provided rapidly and for the shortest pos-
sible duration.
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Peritoneum and 
Acute Abdomen

William P. Schecter

Anatomy of the Peritoneal Cavity

The peritoneum is composed of a layer of polyhedral-shaped
squamous cells approximately 3 mm thick and may be viewed
anatomically as a closed sac that allows for the free move-
ment of abdominal viscera.1 Adherent to the anterior and lat-
eral abdominal walls, the peritoneum invests the intraab-
dominal viscera in such a way as to form the mesentery for
the small and large bowel, a peritoneal diverticulum poste-
rior to the stomach (the lesser sac) and a number of spaces or
recesses in which blood, fluid, or pus can localize in response
to various disease processes (Fig. 14.1).

Fluid can therefore collect in (1) the right and left sub-
phrenic spaces (left more commonly than right), (2) the sub-
hepatic space (posterior to the left lobe of the liver), (3) Mor-
rison’s pouch (adjacent to the gallbladder), (4) the lesser sac
(usually in response to pancreatitis or pancreatic injury), (5)
the left and right gutters (lateral to the left and right colon
respectively), (6) the pelvis, and (7) the interloop spaces (be-
tween the loops of intestine).

The Omentum

The omentum is a membranous adipose tissue within the
peritoneal cavity forming (1) the roof of the lesser sac between
the greater curvature of the stomach and the transverse colon
(lesser omentum) and (2) a veil-like structure suspended from
the transverse colon covering the small intestine (the greater
omentum).

Surgeons have referred to the omentum as “the police-
man of the abdomen” because of its role in walling off in-
traabdominal abscesses and preventing free peritonitis. How-
ever, there is no evidence that there is any intrinsic omental
movement.2,3 The precise mechanism by which the intraab-
dominal viscera and the omentum wall off collections of pus
is not known. The omentum also contains areas with high
concentrations of macrophages called “milky spots” which

play a major role in the immune response to peritoneal in-
fection.

The Retroperitoneum

The liver, duodenum, and the right and left colon are all par-
tially invested by the peritoneal membrane so that portions
of these structures are actually located in the retroperi-
toneum. The pancreas, kidneys, ureters, and bladder are lo-
cated entirely in the retroperitoneum. A long retrocecal ap-
pendix may be considered as a retroperitoneal structure.
These anatomical considerations are important because in-
juries, diseases, or perforations of these structures in their
retroperitoneal location usually produce subtle early symp-
toms and signs that are often more difficult to diagnose than
intraperitoneal infections owing to delay in the onset of peri-
toneal irritation.

Innervation of the Abdomen

Pain is transmitted from the abdomen to the central nervous
system by both the visceral and somatic sensory pathways
(Fig. 14.2). Visceral pain (dull, crampy, poorly localized pain)
is caused by ischemia, stretching, compression, traction, or
chemical irritation of the peritoneum investing the intraab-
dominal viscera (visceral peritoneum) and transmitted via the
slow C fibers running with the sympathetic nerves. Somatic
pain (sharp, well-localized pain) is caused by irritation of the
peritoneum investing the abdominal wall (parietal peri-
toneum) and transmitted via the A-� fibers of the somatic sen-
sory nerves (T7–L1 anteriorly and L2–L5 posteriorly). Shift-
ing pain is an important historical finding during evaluation
of patients with acute abdominal pain. The usual mechanism
is the initial development of poorly localized visceral pain
caused by distension and ischemia of the abdominal viscera
with subsequent irritation of the somatically innervated pari-
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etal peritoneum as the inflammatory process progresses,
thereby causing localization of the pain.

Physiology of the Peritoneum

The major function of the peritoneal membrane is the main-
tenance of peritoneal fluid balance.4 The bidirectional semi-
permeable membrane has an exchange surface area of 1 m2.1,5

Normally the peritoneal cavity contains less than 100 ml of
serous fluid.6 Although the parietal peritoneum of the an-
terolateral abdominal wall behaves as a passive semiperme-
able membrane, the diaphragmatic peritoneum is capable of
absorbing bacteria.1,4 Von Recklinghausen in 1863 described
intercellular gaps called stomata in the diaphragmatic peri-
toneum that serve as portals to the diaphragmatic lymphatic
pools, called lacunae.7 Lymph flows from the lacunae via sub-
pleural lymphatics to the regional lymph nodes and then to
the thoracic duct.8,9 As the diaphragm relaxes during exhala-
tion, the stomata open and a negative pressure develops, draw-
ing bacteria into the stomata, which vary in size from 4 to
23 �m.7 When the diaphragm contracts on inhalation, the
stomata close and the increased pressure propels the lymph
through the mediastinal lymphatic channels.4

Peritoneal fluid travels cephalad toward the diaphragm by
action of the “diaphragmatic pump”.10 The concept of the di-
aphragmatic pump is useful in explaining several clinical phe-
nomena observed in patients with peritoneal infection. Sep-
ticemia in patients with peritonitis may in part be explained

by the rapid clearance of bacteria from the peritoneum by the
diaphragmatic lymphatics. The propensity for the develop-
ment of subphrenic abscess after peritonitis and the perihep-
atitis of the Fitz–Hugh–Curtis syndrome related to pelvic in-
flammatory disease is probably related to the cephalad flow
of peritoneal fluid.

Peritoneal Response to Infection

The peritoneum responds to infection in three ways: (1) rapid
absorption of bacteria via the diaphragmatic stomata and lym-
phatics; (2) opsonization and destruction of bacteria via the
complement cascade; and (3) localization of bacteria within
fibrin to promote abscess formation.1 Two intraabdominal or-
gans, the liver and spleen, filter bacteria and serve to isolate
the infected peritoneal cavity from the rest of the body. The
liver filters the portal circulation draining the gastrointesti-
nal tract. This function explains the development of polymi-
crobial liver abscesses in patients with severe cases of diver-
ticulitis and appendicitis. The spleen filters the systemic
circulation and plays an important adjuvant role in bacterial
opsonization during bacteremia.

The Bacteriology and Antibiotic 
Therapy of Peritonitis

The classification of peritonitis as primary peritonitis, sec-
ondary peritonitis, or tertiary peritonitis is useful when con-
sidering its bacteriology and antibiotic therapy. Primary peri-
tonitis refers to an extraabdominal source of hematogenously
transmitted bacterial infection such as spontaneous bacterial
peritonitis (SBP), tuberculosis peritonitis, or peritonitis asso-
ciated with chronic ambulatory peritoneal dialysis (CAPD).
SBP occurring in children is usually associated with nephro-
genic or hepatogenic ascites. Group A Streptococcus, Staphy-
lococcus aureus, and Streptococcus pneumoniae are the most
common organisms.11 In adults, SBP is most often associated
with liver cirrhosis. Aerobic enteric flora such as Escherichia
coli and Klebsiella pneumoniae are the most common or-
ganisms.

Secondary bacterial peritonitis refers to infections arising
as a result of intraperitoneal processes such as hollow viscus
perforation, biliary tract disease, bowel ischemia, and pelvic
inflammatory disease. There is a gradient of bacterial con-
centration (organisms/ml) within the gastrointestinal tract
ranging from 100 to 102 for the stomach, 104 to 106 for the
distal small bowel, and 105 to 108 for the colon.12 The con-
sequences of perforation of different parts of the gastroin-
testinal tract relate, in part, to these differences in bacterial
concentration.

The primary treatment of secondary bacterial peritonitis
is surgical correction of the anatomical pathology and peri-
toneal toilet. Empiric antibiotic therapy for established sec-
ondary bacterial peritonitis plays an important supplemental
role. 

The goals of antibiotic therapy are the prevention and treat-
ment of both the systemic inflammatory response syndrome
(caused predominantly by facultative gram-negative bacteria)
and intraabdominal abscesses (caused predominantly by anaer-
obes). For community-acquired infections of mild to moderate
severity, single drug therapy with a second-generation ceph-
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FIGURE 14.1.  Diagram of the pathways of flow of intraperitoneal
exudates. Broken arrows indicate spread anterior to the stomach to
the left subphrenic area. C � splenic flexure of colon. (Modified from
Meyers. MA. The spread and localization of acute intraperitoneal ef-
fusions. Radiology 95:547–554, 1970, with permission.



alosporin with activity against anaerobes (e.g., cefotetan, 
cefoxitin) or a semisynthetic penicillin in combination with a
�-lactamase inhibitor (e.g., ticarcillin-clavulinic acid, ampi-
cillin-sulbactan, or piperacillin-tazobactan) is reasonable. For
severe infections, coverage with an aminoglycoside (e.g., gen-
tamicin, tobramycin) and an antibiotic with anaerobic cover-
age (e.g., metronidazole, clindamycin) is an excellent choice.
Adjustments may be made for concerns about nephrotoxicity
or penicillin allergy. The newer quinolones (e.g., levofloxacin)
will probably assume an increasingly important role in the
management of intraabdominal infection because of their
anaerobic coverage. Antibiotics are recommended for 5 to 7
days for generalized peritonitis,13 although therapy up to 14
days is reasonable for patients with severe fecal peritonitis.14

Antibiotics should be stopped if the patient becomes afebrile
and leukocytosis resolves. If signs of infection persist despite
a course of antibiotics, a search for an intraabdominal abscess
or other source of infection is necessary.

Ill-advised prolonged use of antibiotics, particularly in pa-
tients with persistent sources of intraabdominal infection,
can lead to so-called tertiary peritonitis, opportunistic infec-
tion with normally nonpathogenic gut flora such as Candida
albicans, Enterococcus, and even Staphylococcus.15 The de-
velopment of tertiary peritonitis is a serious occurrence and
a poor prognostic sign.16

The Acute Abdomen (Fig. 14.3)

History

A careful, complete history is essential to avoid serious mis-
takes. The time course, nature, location, and radiation of pain
are important clues. The sudden onset of severe pain (the pa-
tient can often state the precise time of onset) is associated
with hollow viscus perforation. The gradual progression of in-
termittent spasmodic pain is characteristically associated
with hollow viscus obstruction. Epigastric pain radiating to
the back is a common complaint in patients with pancreati-
tis. Colicky flank pain radiating to the groin is typical in pa-
tients with renal colic. Ask the patient specifically about a
change in the location of the pain (shifting pain). Generalized
abdominal pain shifting to a specific location is an important
finding as it may indicate the onset of local inflammation of
the parietal (somatically innervated) peritoneum as often oc-
curs in appendicitis.

Ask about nausea, vomiting, and hematemesis. What
color is the vomitus? Clear vomitus may indicate gastric out-
let obstruction. Feculent emesis, on the other hand, often in-
dicates a distal bowel obstruction. What is the relationship
of the vomiting to the other symptoms and signs? Early ex-
tensive vomiting associated with a scaphoid abdomen indi-
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FIGURE 14.2.  Pathways of visceral innervation. The vis-
ceral afferent fibers mediating pain travel with autonomic
nerves to communicate with the central nervous system;
in the abdomen, these include both vagal and pelvic
parasympathetic nerves and thoracolumbar sympathetic
nerves. Solid lines, sympathetic fibers. Dashed lines,
parasympathetic fibers. (From Feldman, Sleisenger, and
Scharschmidt, eds. Sleisenger & Fordtran’s Gastrointestinal
and Liver Disease, 6th ed. Philadelphia: Saunders, © 1998,
with permission.)



cates high small-bowel obstruction. Late or absent vomiting
associated with abdominal distension indicates distal small-
bowel or colonic obstruction.

Are the bowel movements regular? What is their color
and consistency? Inquire about symptoms of dysuria, fre-
quency, or hematuria. Has the urine changed color (possibly
indicating excretion of metabolites of bilirubin)? In women,
a careful menstrual and obstetric history is essential. What is
the relationship of the pain to the menstrual cycle? Could the
patient be pregnant? Inquire about alcohol and drug use and
recent injuries or accidents. Finally, a careful cardiac and res-
piratory history can help to identify nonsurgical causes of ab-
dominal pain.

Physical Examination

The patient with acute abdominal pain requires a complete
physical examination. General assessment may reveal a rapid,
thready pulse and a “worried look” or glazed disinterested re-
sponse to questions, which should raise the suspicion of se-
rious illness.

Deep palpation has little or no role in the initial assess-
ment of the patient with peritonitis. The goal of the exami-
nation is to move the peritoneum with minimum force to see
if the patient experiences pain. First, inspect the abdomen and
note whether it is scaphoid or distended. Ask the patient to
cough before touching the abdomen. Cough tenderness, par-
ticularly cough tenderness that localizes to a specific abdomi-
nal location, is an important sign of peritoneal irritation.

If the patient has an umbilical hernia, the peritoneum is
lying adjacent to the skin of the umbilicus. Gently tap over
the umbilical hernia to see if pain is elicited. Gently scratch
the skin of the four abdominal quadrants. Rarely, hyperes-
thesia of the skin is present over the area of peritoneal 
irritation. Next, apply graded stimuli to the four abdominal
quadrants. “Guarding” or rigidity of the abdomen wall mus-
culature may result from peritonitis. Start by “jiggling” the
skin with your fingers, gently palpate, and then percuss to ap-
ply a firmer controlled stimulus. Finally, deep palpation
should be done followed by quick release to assess direct and
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referred rebound tenderness, two very important signs of peri-
toneal irritation akin to cough tenderness.

Examine the patient for flank and costovertebral angle
tenderness indicative of renal colic or pyelonephritis. Search
for abdominal wall hernias and examine the scrotum and tes-
ticles in men. Sometimes torsion of the testicle or epi-
didymitis can present as lower abdominal pain in embarrassed
and frightened young men.

Auscultation can be useful in patients with suspected
bowel obstruction. The characteristic high-pitched “auscul-
tatory rush” of a peristaltic wave vainly attempting to propel
intestinal chyme beyond a point of obstruction supports the
diagnosis of mechanical obstruction. Although bowel sounds
are said to be absent in diffuse peritonitis, I do not find ab-
dominal auscultation helpful in assessing most cases because
a “quiet” abdomen can be normal and a patient with “active
bowel sounds” can have abdominal pathology requiring emer-
gency surgery. The digital rectal exam usually identifies rec-
tal and pelvic masses. The presence of blood or edema and
air in the rectal ampulla are also important diagnostic clues.

In women, a vaginal speculum and bimanual and pelvic ex-
amination are important to evaluate the possibility of preg-
nancy, tubal pregnancy, endometriosis, and pelvic inflamma-
tory disease. The diagnosis of pelvic inflammatory disease may
be subtle. Not all patients have exquisite cervical motion ten-
derness when examined. Adnexal masses can be difficult to pal-
pate in patients who are guarding or who are obese. Pelvic ul-
trasonography, an abdominal CT scan, or diagnostic laparoscopy
may be necessary to make the diagnosis in patients with sub-
tle signs of gynecological disease causing acute abdominal pain.

Laboratory Evaluation

Routine laboratory evaluation for the patient with an acute
abdomen should include a complete blood count, a urinaly-
sis, and an assessment of renal function (measurement of the
blood urea nitrogen [BUN] and serum creatinine). The serum
electrolytes are usually measured along with the BUN and
creatinine. Measurement of the electrolytes is mandatory if
there has been a prolonged period of vomiting. The serum

FIGURE 14.3.  Acute abdomen. (From Millikan and Saclarides, eds. Common Surgical Diseases: An Algorithmic Approach to Problem Solv-
ing. New York: Springer-Verlag, © 1998, with permission.)



amylase should be measured if there is any question of pan-
creatitis. Measure serum alkaline phosphatase, bilirubin, and
serum transaminase levels if liver or biliary tract disease is a
possibility. Women in their reproductive years should have a
pregnancy test.

Radiology of the Acute Abdomen

The traditional radiologic evaluation begins with an upright
chest film and flat plate and upright abdominal films. The
chest film can rule out pneumonia and pleural effusion as a
cause of upper abdominal pain. Occasionally a dehydrated pa-
tient with pneumonia and upper abdominal pain will have a
clear chest X-ray. The pulmonary infiltrate becomes apparent
only after rehydration with intravenous fluids. The upright
chest film is also an excellent test for demonstrating free in-
traperitoneal air (Fig. 14.4). Search the X-ray carefully below
the diaphragm for the characteristic radiolucent line indicat-
ing extraluminal air, easiest to see between the liver and the
right hemidiaphragm. If an upright chest film is impossible
to obtain because of the severity of the patient’s illness, free
air may be demonstrated by turning the patient to the left
lateral decubitus position and waiting a few minutes. The ex-
traluminal air will rise and be evident as a radiolucent line

between the abdominal wall and the right lobe of the liver
after shooting a cross-table lateral X-ray.17

Pelvic ultrasonography is an important imaging test in the
evaluation of women with lower abdominal pain. Using the
distended urinary bladder as an acoustic window, the uterus
and adnexae can usually be accurately examined, permitting
diagnosis of intrauterine pregnancy, tubal pregnancy, tu-
boovarian abscess, and pelvic inflammatory disease. Often,
the pelvic ultrasound is most useful in distinguishing appen-
dicitis from gynecological diseases causing right lower quad-
rant pain in women.18

Ultrasonography is the initial imaging test of choice in the
evaluation of right upper quadrant pain.19 The exam usually
provides accurate information about the gallbladder and the
common bile duct. The kidney can be visualized to look for
nephrolithiasis or hydronephrosis in patients with flank pain.
Ultrasonography by surgeons in the trauma resuscitation
room is rapidly becoming a standard test to diagnose the pres-
ence of intraabdominal hemorrhage and hemopericardium af-
ter blunt and penetrating torso trauma.20

The CT scan provides the best anatomical information
about the acute abdomen. The introduction of the helical (spi-
ral) abdominal CT scan has reduced the time of the scan to
less than 5 min and vastly improved the quality of the im-

PERITONEUM AND ACUTE ABDOMEN 1 5 1

FIGURE 14.4.  Free intraperitoneal air. (A)
Supine. Although no increased lucency is
directly apparent, it is revealed by the vi-
sualized density of the wall of a small
bowel loop. This presents as a subtle
white line around the gas-containing lu-
men (arrows). (B) Erect film documents
considerable free air. At surgery, a perfo-
rated duodenal ulcer was found. (Repro-
duced with permission from Meyers and
Oliphant, Current Problems in Radiology,
vol. IV, no. 2, pp. 1–37. © 1974 Year Book
Medical Publishers.)
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ages by reducing respiratory misregistration.17 The CT scan
provides highly accurate anatomical information about the
liver, spleen, kidney, ureter, and bladder (if a retrograde cys-
togram is performed during the CT scan). It is an excellent
test for the identification of intraabdominal abscesses.21 It is
a useful test in diagnosing pancreatitis and pancreatic injury
after trauma. Further, the spiral abdominal CT, can detect
small amounts of intraperitoneal fluid associated with a hol-
low viscus injury22 and has improved the accuracy of this pre-
operative diagnosis.

A recent study showed that spiral CT scans of the ap-
pendix improved patient care by reducing the number of un-
necessary appendectomies and reducing the delay to opera-
tion in patients without a definitive diagnosis.23 Hospital
costs were also lowered in this study. Still, it is important to
use this technology judiciously, since the routine use of the
abdominal CT scan in all patients with an acute abdomen
will expose many patients who obviously need surgery, based
on clinical criteria, to unnecessary irradiation and could po-
tentially delay required surgery due to scheduling difficulties. 

The Differential Diagnosis of the Acute Abdomen

After reviewing the history, physical exam, and appropriate lab-
oratory and radiologic data, the surgeon must develop a differ-
ential diagnosis and decide whether or not the patient requires
surgery. Serial abdominal examinations searching for evolving
peritoneal signs and repeat measurements of the WBC are crit-
ical if the diagnosis is uncertain. Several variables determine
the speed of the diagnostic evaluation, the diagnoses to be con-
sidered, and the necessity for exploratory laparotomy in the ab-
sence of a definitive diagnosis. These variables are (1) the he-
modynamic stability of the patient, (2) the presence or absence
of a rigid abdomen on physical examination, (3) the character
and anatomical location of the abdominal pain, and (4) the de-
terioration or improvement in symptoms, signs, and laboratory
data during the period of observation.24

The hemodynamically unstable patient with acute ab-
dominal pain is a surgical emergency and requires rapid eval-
uation and treatment. The first priority is to consider the di-
agnosis of a leaking abdominal aortic aneurysm (AAA).
Patients with intraperitoneal or retroperitoneal hemorrhage
require resuscitation and control of hemorrhage in the oper-
ating room, in the interventional radiology suite, or in the in-
tensive care unit depending upon the source of the bleeding
and the response to fluid resuscitation. The emergency de-
partment is not the appropriate place for a prolonged evalua-
tion of the unstable patient. These patients should be trans-
ported to the OR or the ICU as soon as feasible for assessment
and treatment.

In general, hemodynamic instability caused by peritoni-
tis is a late development occurring in patients with hollow
viscus perforation, prolonged obstruction, or intestinal isch-
emia. Urosepsis should always be considered as it is a com-
mon cause of hemodynamic instability, particularly in the 
elderly patient, and does not require laparotomy. Patients with
pyelonephritis usually have costovertebral angle tenderness
or flank pain. Elderly septic men with lower abdominal pain
may have massive distension of the bladder from prostatic
hypertrophy, which can be diagnosed by dullness to percus-
sion of the lower abdomen. A Foley catheter, antibiotics, and
fluids will usually solve the acute problem.

Another relatively common cause of hemodynamic in-
stability in the septic elderly patient is cholangitis. The first
line of treatment is antibiotics and biliary drainage. The pa-
tient should be resuscitated and undergo elective biliary
surgery when completely stable. The hemodynamically sta-
ble patient with a rigid abdomen and peritoneal signs should
be studied with an upright chest X-ray and plain and upright
abdominal X-rays. Patients with evidence of hollow viscus
perforation or obstruction should undergo immediate ab-
dominal exploration.

If the abdomen is soft without generalized peritoneal
signs, a reasonable differential diagnosis can be developed
based on the nature and the location of the abdominal pain.
Poorly localized abdominal pain, particularly severe abdomi-
nal pain out of proportion to the findings on physical exam-
ination, suggests the diagnosis of bowel ischemia. Pain caused
by obstructive processes (bowel obstruction and appendicitis),
visceral inflammation (inflammatory bowel disease, enteritis,
or colitis), and retroperitoneal disease (pancreatitis) may ini-
tially present as poorly localized abdominal pain transmitted
by the visceral C fibers. Localization occurs when the so-
matically innervated parietal peritoneum becomes inflamed.

Abdominal pain can localize to the (1) epigastrium, (2)
right upper quadrant, (3) left upper quadrant, (4) right lower
quadrant, (5) left lower quadrant, and (6) the right and left
flanks. The location of the pain is an important clue to the
diagnosis. 

Upper abdominal pain localizing to either the epigastrium
or the right or the left upper quadrant may be caused by dis-
eases of the myocardium (infarction, pericarditis), lungs
(pneumonia, pleuritis, pleural effusion, empyema, pulmonary
infarction), peptic ulcer disease, and pancreatitis. Subphrenic
abscesses may also cause left or right upper abdominal pain
and are frequently associated with sympathetic pleural effu-
sions and occasionally associated with hiccups. Pain localiz-
ing to the right upper quadrant is classically associated with
hepatobiliary disease (cholangitis, biliary colic, cholangitis,
hepatitis). Appendicitis, particularly a long retrocecal in-
flamed appendix, can present with right upper quadrant pain.
Right-sided pyelonephritis or nephrolithiasis can also cause
right upper quadrant pain. A careful physical examination,
however, will usually elicit more tenderness in the right flank
than the right upper quadrant in these cases.

Splenomegaly, ruptured spleen, pancreatitis, and pancre-
atic pseudocysts are diagnoses that should be considered in
patients with left upper quadrant pain. Patients with irrita-
tion of the left hemidiaphragm may also have referred pain
to the left shoulder.

Lower abdominal pain can be caused by musculoskeletal
injury, rectus sheath hematoma (particularly in patients re-
ceiving anticoagulation medication), ileopsoas muscle ab-
scess (the ipsilateral hip is usually held in flexion25), and
ureterolithiasis. Appendicitis commonly presents with a his-
tory of generalized abdominal pain subsequently localizing to
the right lower quadrant. Meckel’s diverticulitis, diverticuli-
tis of the right colon, mesenteric adenitis, and regional en-
teritis (Crohn’s disease) must be considered in the differen-
tial diagnosis. A history of diarrhea with mucus or blood in
the stool is usually present with active Crohn’s disease caus-
ing right lower quadrant pain. Occasionally, the surgeon can
be fooled by a patient with a perforated duodenal ulcer who
presents with right lower quadrant pain. In such cases, the
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duodenal contents pool in the right gutter adjacent to the ce-
cum, causing irritation of the parietal peritoneum. At lap-
arotomy, bile-stained fluid is found without evidence of ap-
pendicitis or Meckel’s diverticulitis.

The distinction between appendicitis and right lower
quadrant pain caused by gynecological disease in women, is
often difficult. Pelvic inflammatory disease, tuboovarian ab-
scesses, ectopic pregnancy, endometriosis, and even mit-
telschmerz should be considered on the differential diagno-
sis. The pelvic ultrasound examination is currently the most
important test for diagnosing gynecological disease in patients
with acute abdominal pain. However, the role of the helical
CT scan is becoming increasingly important in the evalua-
tion of patients with right lower quadrant pain. The differ-
ential diagnosis of left lower quadrant pain is similar to right
lower quadrant pain except that diverticulitis replaces ap-
pendicitis as the most common diagnosis in the differential.
Neoplasm and bowel obstruction should also be considered.

Abdominal distension and obstipation suggest the diag-
nosis of bowel obstruction. The obstruction may be located
in the small or large intestine. Patients with large-bowel ob-
struction have a dilated colon usually visible on the plain film
of the abdomen. The goals of the evaluation are determina-
tion of the precise location of the obstruction, assessment of
whether the obstruction is partial or complete, determination
of whether emergency surgery or conservative management
is required, and ultimately diagnosis of the precise cause of
the obstruction.

The history elicits the duration of symptoms, the pres-
ence of nausea or vomiting, and whether the patient has re-
cently passed flatus. A careful review of previous operations,
weight loss, or previous diagnoses of malignancy or en-
dometriosis may reveal important clues. The physical exam-
ination should include a careful search for incarcerated her-
nias, peritoneal signs, or localized abdominal pain and fever.
The absence of air in the rectal ampulla is an important sign
of complete obstruction. Leukocytosis may indicate ischemia
resulting from closed loop obstruction.

Examine the abdominal plain films carefully for signs of
air in the colon or colonic distention. A large air-filled loop
of colon located between the left lower and right upper quad-
rants suggests the diagnosis of sigmoid volvulus. Conversely,
a dilated loop of colon between the right lower and left up-
per quadrants suggests cecal volvulus. Volvulus can often be
treated by sigmoidoscopic or colonoscopic decompression.
However, extreme caution must be exercised to avoid colon
perforation. It is far better to achieve safe surgical decom-
pression than to unwisely persist with a prolonged difficult
endoscopy that may result in massive fecal contamination 
of the peritoneal cavity due to perforation. A gentle water-
soluble contrast enema can be used to identify the point of
obstruction. Barium should never be used in this clinical sit-
uation because of the risk of perforation.

Small-bowel obstruction is suggested by a plain film with
multiple air–fluid levels and the absence of air in the colon.
Peritoneal signs, localized abdominal pain, fever, and leuko-
cytosis are absolute indications for exploration. A patient
with a distended abdomen who has recently passed flatus may
be only partially obstructed. If the patient appears to be par-
tially obstructed, nasogastric decompression, fluid resuscita-
tion, and serial abdominal examinations are appropriate ini-
tial therapy.

Unusual Nonoperative Causes of Abdominal Pain

NEUROLOGICAL CAUSES OF ABDOMINAL PAIN

Varicella zoster viral infections can cause radiating pain and
hyperesthesia along the dermatome of an intercostal nerve fol-
lowed by a typical vesicular rash 5 to 7 days after the onset of
symptoms. “Shingles” is usually a self-limited disease treated
by analgesics. Treatment with acyclovir is indicated in severe
cases. Occasionally, a herniating disk producing compression
radiculopathy causes confusing symptoms of abdominal wall
pain. A CT or MRI will make the definitive diagnosis.

PAIN CAUSED BY TOXIC SUBSTANCE INGESTION

Ingestion of toxic substances such as iron, lead, poisonous
mushrooms, and alcohol (ethanol, isopropanol, and methanol)
all cause crampy abdominal pain often associated with diar-
rhea. Patients withdrawing from opiates (heroin) have abdom-
inal pain as a characteristic part of the withdrawal symptoms.

ENDOCRINE CAUSES OF ABDOMINAL PAIN

Endocrine and metabolic diseases can cause abdominal pain.
Glucorticoid deficiency (Addison’s disease) presents with hy-
potension, tachycardia, weakness, fatigue, and crampy ab-
dominal pain (50% of cases). Glucocorticoid therapy results
in resolution of the abdominal pain.

Hypercalcemia can cause diffuse symptoms including
crampy abdominal pain. Hypercalcemia is also associated
with other causes of abdominal pain including peptic ulcer
disease, pancreatitis, and nephrolithiasis. 

Diabetic ketoacidosis sometimes presents with acute ab-
dominal pain. The mechanism is poorly understood. More of-
ten, the patient develops ketoacidosis as a consequence of
pulmonary, intraabdominal (urinary tract, biliary tract), or
soft tissue infection. Treatment consists of restoration of in-
travascular volume, correction of hyperglycemia and the elec-
trolyte imbalance, and identification and treatment of the
source of infection.

GENETIC DISORDERS CAUSING ABDOMINAL PAIN

Familial Mediterranean fever is an autosomal recessive ge-
netic disease characterized by recurrent episodes of abdomi-
nal pain, peritoneal inflammation, and fever. Other serosal
membranes such as the pleura, pericardium, and meninges
also become intermittently inflamed.

Porphyria is a term referring to a group of autosomal dom-
inant disorders caused by defective heme synthesis. Neuro-
toxic intermediates of heme metabolism (porphyrins) accu-
mulate that cause abdominal pain, ileus, changes in mental
status, psychiatric disturbance, muscle weakness, and skin
photosensitivity.

Sickle cell anemia is an autosomal recessive disease of
the hemoglobin molecule resulting in red cell deformation
and clotting in the microcirculation under hypoxic condi-
tions. Abdominal pain is a frequent symptom. Treatment in-
cludes volume expansion, oxygenation, and analgesics fol-
lowed by serial abdominal examinations. Pain that fails to
resolve should raise the suspicion of bowel infarction. Sickle
cell anemia is also associated with cholecystitis caused by
bilirubin stones, splenomegaly caused by sequestration of
damaged red cells, and splenic infarction. 

Vasculitis: a number of immune-mediated diseases caus-
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ing mesenteric vasculitis can cause acute abdominal pain, the
most classic of which is Henoch–Schonlein purpura (HSP).

Special Situations

THE ACUTE ABDOMEN IN THE ELDERLY

Some geriatric patients are poor historians because of either
confusion accompanying serious illness or senile dementia.
The abdominal examination can also be misleading. The signs
of peritoneal irritation that are so important in the evalua-
tion of the younger patient are often absent in geriatric pa-
tients. A “surgical abdomen” should be suspected in all el-
derly patients who present with abdominal pain and
distension or obtundation and sepsis regardless of the absence
of peritoneal signs. Bowel ischemia, biliary and urosepsis,
bowel obstruction, and occult appendicitis are all common
diagnoses that should be considered (Table 14.1).

THE ACUTE ABDOMEN IN THE ICU

The evaluation of the sedated, intubated ICU patient is chal-
lenging. There are four situations in which acute abdomen
presents in the ICU patient.

1. Patient “found down”: These patients are usually septic,
acidotic, and often hypothermic. Bowel ischemia, either as
a cause of the problem or a consequence of the low flow
state, should be considered. Abdominal CT scan and diag-
nostic laparoscopy are assuming an increasingly important
role in the workup of this clinical situation.

2. Missed injury: If a multiple trauma patient is behaving in
a manner unanticipated by the extent of the known in-

juries (e.g., hemodynamic instability, large intravenous
volume requirement, progressive hypoxemia, unexplained
blood requirement), the possibility of a missed injury
should be considered. Prolonged delay in laparotomy in
these cases will lead to a significant increase in morbid-
ity and mortality.

3. Postoperative surgical complications: Postoperative hem-
orrhage, obstruction, anastomotic leak, and intraabdominal
abscess formation are all potential complications of ab-
dominal surgery. The abdominal CT scan is a critical tool
in this situation as it permits accurate identification and
often drainage of localized collections of intraabdominal
pus without resorting to repeat laparotomy.

4. Abdominal complications of intensive care: Acalculous
cholecystitis and perforation or hemorrhage due to stress
ulceration of the stomach or duodenum are the most com-
mon causes of the acute abdomen as a consequence of the
ICU experience.

Planned Abdominal Reexploration

Planned abdominal reexploration is assuming an increasingly
important role in the management of selected patients. There
are four situations in which planned reexploration is helpful: 

1. Second-look laparotomy for bowel ischemia: Intestinal isch-
emia is a disease process in evolution. Despite a careful
inspection and Wood’s lamp ultraviolet examination of the
bowel after intravenous fluorescein to assess intestinal vi-
ability, the surgeon often cannot be completely sure of the
viability of the remaining intestine after resection for isch-
emia. In this situation, a “second-look” laparotomy 24 to
48 h after the first operation is prudent.26

2. Peritoneal toilet: Patients with severe fecal peritonitis of
long-standing duration may benefit from repeated trips to
the OR every 24 to 48 h for peritoneal irrigation until the
effluent becomes clear.27 Usually a relatively clean peri-
toneal cavity can be achieved after two or three trips to
the OR.

3. Reexploration after “damage-control” laparotomy: Hemo-
dynamically unstable, acidotic, hypothermic, coagulo-
pathic patients with major intraabdominal injuries require
rapid control of hemorrhage (often with intraabdominal
packing) and closure and/or resection of hollow viscus in-
juries. Temporary abdominal closure before intestinal re-
construction allows time for continued resuscitation, pa-
tient rewarming, and correction of the coagulopathy in the
ICU. The patient can then be returned to the operating
room in 12 to 24 h for reexploration and appropriate in-
testinal reconstruction under stable conditions. 

4. Abdominal compartment syndrome: The abdominal com-
partment syndrome occurs when intraabdominal pressure
increases to a level resulting in oliguria, hypoperfusion of
the intraabdominal viscera, inadequate mechanical ventila-
tion despite high peak inspiratory pressures, and collapse of
the vena cava and renal veins (as seen on abdominal CT
scan). Clinically, the abdomen is rigid. The urinary bladder
pressure measured by transducing the pressure in the Foley
catheter approximates the intraabdominal pressure. An el-
evated urinary bladder pressure (�30 mmHg) is an objective
sign of abdominal compartment syndrome. Loose abdomi-
nal closure with a temporary nonadherent prosthetic mate-
rial decompresses the high intraabdominal pressure. 
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TABLE 14.1. Common Locations and Corresponding Diagnosis in
Elderly Abdominal Pain.

Epigastrium Right upper quadrant and flank
Abdominal aortic aneurysm Cholecystitis
Colon carcinoma Choledocholithiasis
Duodenal ulcer Gastric ulcer
Early appendicitis Intestinal obstruction
Gastritis Pancreatitis
Mesenteric ischemia Penetrating ulcer
Pancreatitis Pyelonephritis
Penetrating ulcer Renal colic

Retrocecal appendicitis
Left upper quadrant and flank Right lower quadrant

Bowel obstruction Appendicitis
Diverticulitis Bowel obstruction
Pyelonephritis Cholecystitis
Renal colic Diverticulitis
Splenic enlargement Hernia

Leaking aneurysm
Psoas abscess
Pyelonephritis

Left lower quadrant
Abdominal wall hematoma
Bowel obstruction
Diverticulitis
Hernia
Leaking aneurysm
Pyelonephritis
Geriatric abdominal pain
Mesenteric ischemia

Source: Modified with permission from Caesar, Emerg Med Rep
1994;3(20):191–202.



The Acute Abdomen in the Tropics

A variety of bacterial and parasitic diseases endemic to trop-
ical regions are potential causes of an acute surgical abdomen.
Typhoid fever, amebiasis, and ascariasis are the most likely
to be encountered by surgeons practicing in the United States
and Western Europe.

The Acute Abdomen in the HIV-Infected Patient

An increasing number of patients presenting with acute ab-
dominal pain have concommitant HIV infection because of
the increasing prevalence of HIV. In the absence of obvious
peritoneal signs, a CT scan is advisable in most HIV-infected
patients before surgery to rule out a nonoperative cause of the
pain. Approximately 40% of HIV-infected patients with acute
surgical abdomens have diagnoses directly related to their im-
munocompromised state (e.g., perforated colon from CMV
[cytomegalovirus] colitis, CMV cholecystitis, bowel obstruc-
tion from lymphoma, etc.).28 The remaining diagnoses result
from common causes of the acute abdomen.

The Acute Abdomen in Pregnancy

The enlarging uterus alters the intraabdominal location of ad-
jacent organs. The cecum is pushed into the right upper quad-
rant, making assessment of the physical findings more diffi-
cult. If appendicitis is suspected, the incision should be
centered over the point of maximum tenderness rather than
over McBurney’s point to optimize exposure.

The surgeon has two patients, the mother and the fetus.
If laparotomy is indicated, the surgeon should work in con-
cert with the obstetrician and the anesthesiologist to moni-
tor the fetus and provide tocolytic therapy to prevent prema-
ture labor and delivery.29

Laparotomy or Laparoscopy

The recent expansion of both diagnostic and therapeutic lap-
aroscopy has added a new tool to the surgical armamentar-
ium. Unfortunately, laparoscopic technology has not yet 
developed to the point where the average surgeon can ade-
quately examine the entire bowel. At the present time, the
choice of diagnostic laparoscopy versus exploratory laparot-
omy when the diagnosis is unknown depends on the experi-
ence and judgment of the individual surgeon.30
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General Principles 
of Minimally 

Invasive Surgery
Edward G. Chekan and Theodore N. Pappas

Equipment

The equipment required for basic laparoscopy can be grouped
into three categories: image production, peritoneal access 
devices, and instrumentation. Because functional equipment
is available in both disposable and reusable forms, most 
decisions regarding these issues have been based on a cost
analysis.

Access Devices

Access to the peritoneal cavity is gained using the closed,
Veress needle technique or the open, Hasson technique. The
open technique first calls for the Veress needle (fashioned
with a safety shield) to be placed through a small cutaneous
incision. Next, the abdominal wall is grasped and lifted as
the needle is placed through the abdominal fascia and into
the peritoneal cavity. Proponents of this technique claim that
it is safer, easier, and quicker than alternatives. The open
technique, similar to that used for open diagnostic peritoneal
lavage, provides peritoneal access under direct visualization.
Although the open technique is often claimed to be safer,1

both techniques have been associated with complications
and serious injuries. However, most would agree that the
open technique is superior in patients who have undergone
previous abdominal surgery.

GASES

Once access has been gained to the peritoneal cavity, a work-
ing space is created through insufflation or by mechanical lift-
ing. In most centers, CO2 is the insufflation gas of choice. Ad-
vantages of CO2 include its noncombustible nature (allowing
for the use of electrocautery) and its high solubility (allowing
for easy expiration via the lungs). However, because the ab-
sorbed CO2 is converted to H2CO3 in the bloodstream, the ex-
tra hydrogen ion is responsible for lowering of the plasma pH,
which can lead to several physiological consequences. Conse-

quently, other gases with varying properties, such as nitrous ox-
ide, air, argon, helium and oxygen, have been used.

TROCARS

Following insufflation, additional trocars are placed under di-
rect visualization. In general, the trocars should be arranged in
a triangle so that the instruments are moving toward the op-
erative field in the same direction as the laparoscope. The tro-
cars should be placed far enough apart (8–10 cm) to allow for
easy external access and to avoid unnecessary internal inter-
actions or “swordfighting.” In general, three to five trocars are
adequate to accomplish most laparoscopic procedures, with the
exact number being dictated by the individual procedure. 

Image Production

Laparoscopic surgery is dependent on adequate visualization
of the operative field. The standard 0° Hopkins rod-lens lap-
aroscope ranges in size between 5 and 10 mm in outer di-
ameter with oblique viewing scopes (30° and 45°) also avail-
able. The light originates from a high-intensity external
source and is transmitted in a zigzag pattern along a fiberop-
tic cable to an attachment on the laparoscope with subse-
quent transmission through the laparoscope to the operative
field. The illuminated image is then interpreted by a camera
that is mounted on the extracorporeal end on the laparoscope.
The inherent disadvantage of such a system is the creation
of a two-dimensional image and subsequent loss of depth per-
ception. Systems for three-dimensional imaging are avail-
able, but remain under development.2

Instrumentation

There are now two separate, distinct groups of laparoscopic
instruments: the more accepted 5- to 12-mm instrumenta-
tion and the miniature version or small-caliber instrumen-
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tation. The latter are often referred to as mini-instruments.
A basic laparoscopic instrument set should include graspers,
dissectors, scissors, and a needle holder. Additionally, most
procedures also require a clip applier, stapling or suturing de-
vice, and the suction/irrigator. Advanced procedures employ
more specialized instrumentation.

Physiology of Pneumoperitoneum

Within this section, the term pneumoperitoneum (PNP) refers
to the physiological changes associated with intraperitoneal
carbon dioxide insufflation.

Circulatory Effects

CARDIOVASCULAR

Pneumoperitoneum significantly and reproducibly affects the
venous and arterial systems. These hemodynamic alterations
result from increased intraabdominal pressure and volume
and, to a lesser extent, systemic hypercarbia. In the supine
patient, the main pressure–volume effect of intraperitoneal
insufflation to approximately 10 to 20 mmHg is to simulta-
neously decrease preload and increase afterload. In turn, sev-
eral authors have reported a subsequent decrease in cardiac
output (CO).

PRELOAD

Studies have shown that PNP causes an increase in central
venous pressure (CVP) and pulmonary capillary wedge pres-
sure (PCWP), both traditional markers of cardiac filling, but
a concurrent decrease in stroke volume (SV). The rise in mea-
sured CVP is the result of an increase in intraabdominal pres-
sure (IAP) that directly compresses the low-pressure vascula-
ture such as the abdominal vena cava.3 Paradoxically, the
increase in CVP and PCWP actually results in decreased car-
diac filling pressures or preload.

AFTERLOAD

Most of the reported studies have shown an increase in both
mean arterial pressure (MAP) and systemic vascular resis-
tance (SVR) with moderate degrees of PNP. Most authors be-
lieve that the increase in afterload in conjunction with PNP
is the result of two factors: the release of humoral factors (cat-
echolamines and vasopressin) soon after commencing insuf-
flation, and from direct aortic compression due to increased
IAP.4,5

Although there is a mild decrease in CO, most agree that
the effects of PNP on CO are clinically insignificant.

Patient positioning and duration of insufflation are addi-
tional factors influencing various hemodynamic parameters
measured during PNP. Reverse-Trendelenberg (head-up) po-
sitioning combined with PNP, as in LC, counteracts the ef-
fects of PNP by causing a decrease in CVP and PCWP in 
comparison to the supine patient. Likewise, Trendelenberg
(head-down) positioning combined with PNP, as in gyneco-
logical procedures, causes an increase in measured CVP and
PCWP when compared to supine positioning.6 Although some
warn that head-up positioning may compromise CO by de-
creasing preload,7 the incidence of documented clinically sig-
nificant sequelae in such patients is low.

SPLANCHNIC/HEPATIC/RENAL

Just as PNP has been shown to decrease cardiac venous return,
studies have also illustrated that an increase in IAP similarly
effects the perfusion of many abdominal organs. These effects
may occur locally before the recognition of the aforementioned
systemic hemodynamic effects. For instance, both hepatic and
renal perfusions are decreased with increasing IAP. The clin-
ical implications of this are unclear, however, since there is
no convincing evidence to suggest lasting significant organ
dysfunction as a result.

Coagulation Effects

Virchow’s triad of hypercoagulability, venous stasis, and
trauma are the three main factors responsible for venous
thromboembolism. Laparoscopic surgery entails the same risks
of thromboembolism as the traditional approach; however,
some have postulated that certain risk factors, namely venous
stasis caused by PNP and hypercoagulability, pose a greater
threat to the patient undergoing a laparoscopic procedure.

The increase in IAP causes compression on the abdomi-
nal IVC, a subsequent rise in CVP, and a decrease in lower
extremity venous return. As a result, venous stasis, a known
risk factor for deep vein thrombosis (DVT), occurs in the lower
extremities. In addition, it has been shown that laparoscopic
surgical intervention induces a postoperative hypercoagula-
ble state, which may be due in part to the body’s response to
general anesthesia and indirectly to venous stasis.8 Despite a
low reported rate of DVT/PE, the theoretical risk of throm-
boembolism during laparoscopy, coupled with measured de-
creased femoral venous flow without SCDs, make it prudent
to recommend DVT prophylaxis for all patients who are ap-
proached laparoscopically. In patients at high risk for throm-
bosis, the benefits of laparoscopy must be weighed against
the risks of thromboembolism.

Pulmonary Effects

The pulmonary system is influenced by PNP both mechani-
cally and chemically (Table 15.1). 

From a mechanical standpoint, as IAP is increased intra-
operatively the diaphragm is shifted in the cephalad direction,
which increases intrathoracic pressure. This reduced, para-
doxical diaphragmatic movement in the face of increased 
intrathoracic pressure leads to an increase in peak airway 
pressure9 and the collapse of alveoli. As a result, forced resid-
ual capacity (FRC) is decreased.10 Concurrently, there is also
a decrease in tidal volume11 as well as a decrease in compli-
ance of both the lung and chest wall,9,12 leading to an overall
increase in the work of breathing to maintain constant mi-
nute ventilation volume.13 The addition of positive end-
expiratory pressure (PEEP) is a helpful ventilatory adjunct dur-
ing conventional surgery to help recruit alveoli and to prevent
further alveolar collapse. However, the hemodynamic impli-
cations of additional PEEP during PNP are complex. Although
the direct implications of additional PEEP during PNP are con-
troversial, there is clearly more hemodynamic instability with
increasing levels of PEEP.

Hypercapnia is another pulmonary concern requiring the
attention of anesthesiologists during laparoscopic cases. 
Hypercapnia is defined as an increase in the plasma CO2
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TABLE 15.1.

Prospective Clinical Studies (Level II Evidence) of the Postoperative Effects of Laparoscopy Versus Open Procedures on Pulmonary Function in Healthy Adults.

Author Year n Procedure Time Study groups FVC FEV1 PEFR PaCO2 PaO2 Author’s conclusions

Chung et al. 1996 22 Urological POD 3 Retroperitoneoscopic Retroperitoneoscopy caused less postoperative 
Flank incision � � pulmonary dysfunction than open surgery on 

POD 3
Eden et al. 1994 16 Nephrectomy POD 2 Laparoscopic NC —

Open � � � NC �

Gunnarsson 1995 36 Cholecystectomy POD 1 Laparoscopic NC Cholecystectomy irrespective of whether it was 
et al. Open � NC � performed by open or laparoscopic technique was 

followed by deterioration in ventilatory function 
and gas exchange; the magnitude of impairment 
was less pronounced in LC

Joris et al. 1992 30 Cholecystectomy POD2 Laparoscopic NC LC results in less respiratory dysfunction than OC
Open � � NC �

McMahon et al. 1994 107 Cholecystectomy POD 2 Laparoscopic Pulmonary changes associated with upper 
Mini-lap � � abdominal surgery are significantly reduced with 

the laparoscopic approach
Mealy et al. 1992 21 Cholecystectomy POD 1 Laparoscopic NC Improved respiratory responses to laparoscopic 

Open � � � � NC surgery
Peters et al. 1993 40 Cholecystectomy POD 1 Laparoscopic LC provides less decrement in pulmonary function

Open � � than OC
Putensen- 1992 20 Cholecystectomy POD 1 Laparoscopic NC NC Respiratory function is less impaired and its 

Himmer et al. Open � � NC NC recovery improved after LC compared to OC
Rademaker et al. 1992 30 Cholecystectomy POD 1 Laparoscopic Pulmonary function is significantly better after LC 

Laparoscopic with epidural than after OC via subcostal incision
Open � � �

Schauer et al. 1993 40 Cholecystectomy POD 1 Laparoscopic Compared to OC, LC results in a significantly 
Open � � � reduced compromise in pulmonary function

�� Arrows: the direction of change was the same for all groups compared. Arrow marks the group with the more significant effect.

POD, postoperative day; LC, laparoscopic cholecystectomy; OC, open cholecystectomy; FVC, forced vital capacity; FEV1, forced expiratory volume in 1 min; PEFR, peak expiratory flow rate; PCaO2, arterial par-
tial pressure of CO2; PaO2, arterial partial pressure of O2; NC, no change.
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concentration and may occur intraoperatively because CO2

can easily diffuse across the peritoneal lining.14 In healthy 
patients, as CO2 is absorbed (i.e., PaCO2 increases), the respi-
ratory rate increases and CO2 is expired through the lungs (i.e.,
PaCO2 increases). In unhealthy patients, or in patients unable
to spontaneously increase their respiratory rate (i.e., anes-
thetized, intubated patients), the dissolved CO2 in the blood
is not effectively eliminated and this can lead to systemic aci-
dosis. Mild hypercapnia has very few significant hemody-
namic effects. However, severe hypercapnia (50–70 mmHg)
can result in systemic hypotension by decreasing CO and SV,
given that hypercarbia is both a myocardial depressant and a
vasodilator.15 Because end-tidal CO2 underestimates PaCO2

during PNP and is increasingly unreliable as PaCO2 in-
creases,16 invasive blood gas analysis is imperative in patients
in whom minimal hypercarbia could be detrimental.

Effects on Intestinal Function

Many studies have documented an earlier return of bowel
function after laparoscopic procedures compared to open pro-
cedures.17a However, although laparoscopic colon resection
may afford the patient less postoperative pain18 and shorter
hospitalization,19 there seems to be no improvement in my-
oelectric activity.20

Effects on Neurological Function

Cerebral blood flow depends on cerebral perfusion pressure,
which is calculated as MAP minus intracranial pressure (ICP).
Mortality is increased with elevated, uncontrolled levels of
ICP.21 Chemically, as PaCO2 levels rise during PNP, con-
comitant reflex cerebral vasodilatation occurs that allows for
an increase in cerebral blood flow and ICP. There are limited
reports of neurological deterioration with PNP22; however, 
laparoscopic intervention should be discouraged in patients
in whom a marginal increase in ICP could be devastating (i.e.,
patients with head trauma).

Metabolic and Immune Effects

It is well known that the extent of surgical intervention or
trauma leads to a proportional acute-phase inflammatory re-
sponse and postoperative immunosuppression. In general, lap-
aroscopy causes a blunted acute-phase and catabolic response
compared to open surgery. Moreover, delayed-type hypersen-
sitivity (DTH), a marker for cell-mediated immunity, is less
depressed following laparoscopic procedures.

Special Circumstances 
Concerning Pneumoperitoneum

Pneumoperitoneum and Cancer

Host immunity and cancer should be considered simultane-
ously. The systemic immune system seems to be better pre-
served following laparoscopy; however, some studies demon-
strate that CO2 PNP actually encourages tumor growth
intraperitoneally. The initial reports documenting an in-
creased risk of trocar site tumor recurrence following laparo-
scopic cancer procedures led some investigators to question

the safety of CO2 PNP in oncological patients. Should la-
paroscopy be performed for cancer? A discussion of PNP and
cancer can be divided into systemic and local oncological ef-
fects of PNP.

SYSTEMIC ONCOLOGICAL EFFECTS

Both laparotomy and laparoscopy encourage tumor growth.
However, in several animal studies, it appears that full la-
parotomy encourages systemic postoperative tumor growth
more than CO2 PNP.

PORT SITE METASTASIS

Several early reports claimed an increase in the incidence of
port site tumor recurrences following laparoscopic tumor re-
section as compared to incisional tumor recurrences follow-
ing traditional surgery.23–26 In fact, these initial efforts of lap-
aroscopic colon cancer resection reported an incidence of port
site metastases as high as 21%,27 as compared to a 0.69% to
3.3% incidence of abdominal wound recurrence following tra-
ditional resection for colorectal cancer.28

However, with an increase in experience with laparo-
scopic colon resection, more recent reports claim that these
rates of trocar site recurrences were largely overestimated. As
the true incidence of port site tumor recurrence becomes in-
creasingly defined, experimental studies have provided in-
sight into the pathophysiology behind this phenomenon (Fig.
15.1). Most researchers agree that because systemic im-
munological and antioncological effects appear to be well pre-
served with laparoscopy, the increased port site tumor im-
plantation demonstrated in these studies is most likely
caused by a direct effect of PNP on the peritoneum, an effect
that allows for the implantation of tumor.

Clearly, tumor recurrence requires the presence of tumor
cells at the trocar site, and direct contact between the solid
tumor and the port site enhances port site tumor growth29;
this contact could occur by removing the pathological speci-
men through an unprotected trocar site. A specimen con-
taining or potentially containing cancer should be carefully
manipulated and removed through a protected wound.

1 6 0 CHAPTER 15

FIGURE 15.1.  Factors influencing trocar site tumor recurrence.88

IP, intraperitoneal immunity.



Pneumoperitoneum and Pregnancy

If surgery during pregnancy is unavoidable, the optimal time
period for such intervention is during the second trimester.
Second-trimester operative intervention avoids the potential
disruption of organogenesis during the first trimester and pos-
sible labor induction during the third. For the safety of both
mother and fetus, operative time should be kept to a mini-
mum and the fetus should be monitored intraoperatively. The
typical indications for laparoscopic surgical intervention dur-
ing pregnancy include acute appendicitis, acute cholecystitis,
ectopic pregnancy, and ovarian torsion.30 When operating on
the pregnant patient, three unique physiological factors must
be considered: maternal physiological alterations with preg-
nancy, uteroplacental blood flow, and the overall well-being
of the fetus30 (Fig. 15.2). There are very few studies presently
available to delineate the effects of PNP on the developing fe-
tus or the pregnant mother. The limited evidence that is avail-
able supports the safety of laparoscopy during pregnancy.

COMPLICATIONS OF LAPAROSCOPY

Fortunately, major complications occur in well under 1% of
laparoscopic procedures, with an overall mortality of 4 to 8
deaths per 100,000 procedures.31 However, the minimally in-
vasive nature of laparoscopy does not eliminate the potential
for serious surgical complications. Several categories of com-
plications unique to laparoscopy include complications re-
lated to needle and trocar site insertion, those specific to in-
sufflation, and the establishment of PNP, and those related
to the use or misuse of specialized laparoscopic equipment.
Most of the data illustrating the complications during la-
paroscopy have been accumulated during LC (Table 15.2).

The overall morbidity rate for needle and trocar compli-
cations is between 0.2% and 0.5%, with mortality rates of
0.0033% to 0.1%.32–35 The placement of the first trocar or Ver-
ess needle accounts for the majority of these injuries.36 The
organ most likely injured is the small bowel (52%), followed
by colon, duodenum, and stomach (32%, 11%, and 4.5%, re-
spectively).37 Bladder perforation can occur any time; however,
this complication occurs most frequently during laparoscopic
procedures in patients who have had previous surgery. Blad-
der perforation can be recognized by bubbling within the urine
collection bag. Vascular injuries are reported less fre-
quently38,39 but if unrecognized can be devastating.33 The

placement of additional trocars can lead to bleeding from ab-
dominal wall vessels, especially the epigastric vessels. The re-
ported incidence of hemorrhage caused by injury of the epi-
gastric vessels during trocar insertion ranges between 0.25%
and 6.0%.39,40 These injuries can be controlled with electro-
cautery, by tamponade using a balloon-tipped catheter that is
pulled against the abdominal wall, or by enlargement of the
incision for suture ligation. Port site infection occurs in less
than 1% of patients. The risk factors for port site infection are
the same as for any incision, including poor nutrition, obesity,
and diabetes mellitus. Port site infection can lead to hernia de-
velopment. The overall incidence of port site herniation is 
relatively low with larger trocar sites posing the highest risk.
The umbilical trocar is the most common site of herniation,
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FIGURE 15.2.  Maternal and fetal changes in pneumoperi-
toneum during pregnancy. (From Silva JK, Platt LD. Laparo-
scopic surgery in pregnancy. In: Rosenthal RJ, Friedman RL,
Phillips EH, eds. The Physiology of Pneumoperitoneum.
New York: Springer-Verlag, 1998, by permission.)

TABLE 15.2.

Vascular and Bowel Injuries During 77,604 
Laparoscopic Cholecystectomies (Level III Evidence).

No. of patients
No. of patients requiring

Injury site (%) laparotomy

Vascular
Retroperitoneal vessels

Aorta 13 12
Inferior vena cava 5 3
Iliac artery 11 10
Iliac vein 7 6

Total 36 (0.05) 31
Portal vessels

Hepatic artery 44 36
Cystic artery 73 63
Portal vein 5 4

Total 122 (0.16) 103
Other intraabdominal vessels 35 (0.05) 24
Total vascular 193 (0.25) 158

Bowel
Small intestine 57 42
Colon 35 26
Duodenum 12 12
Stomach 5 5

Total 109 (0.14) 85

Source: Deziel D, Millikan K, Economou S. Complications of laparoscopic
cholecystectomy: a national survey of 4,292 hospitals and an analysis of
77,604 cases. Am J Surg 1992;165:9–14, by permission.
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TABLE 15.3.

Clinical Studies Comparing Laparoscopic and Open Approaches.

Procedure Type of study Level of evidence Author Year Country Study design

Appendectomy RAN, PRO I Heikkinen et al.64 1998 Finland Open vs. LAP
RAN, PRO I Macarulla et al.65 1997 Spain Open vs. LAP
RAN, PRO I Minne et al.67 1997 USA Open vs. LAP

Inguinal herniorrhaphy RAN, PRO I Heikkinen et al.64 1998 Finland Lichtenstein mesh
vs.
transabdominal LAP

PRO II Wilson et al. 1995 UK Lichtenstein mesh
vs.
transabdominal LAP

RAN, CON II Tanphiphat et al. 1998 Thailand Modified Bassini
vs.
preperitoneal LAP

Splenectomy PRO II Gigot 1995 Belgium Multicenter, consecutive
(ITP)

RET II Delaitre and Pitre86 1997 France Open vs. LAP (ITP)
Fundoplication OBS, PRO II Blomqvist et al.87 1998 Sweden Open vs. LAP

RET I Hunter et al.76 1996 USA Consecutive
Adrenalectomy RET III Brunt et al.77 1996 USA Open anterior vs.

open posterior vs. LAP
transabdominal flank

RET III Linos et al.78 1997 Greece Open anterior vs.
open posterior vs. LAP
posterior extraperitoneal

Mean
operative Mean Postoperative

time LOS morbidity Global 
Author n (min) (days) (n) costs ($)

Heikkinen 21 41 4 1 949*
et al.64

Macarulla 104 44.68* 4.75* 8 508.32*
et al.65

Minne 23 66.8* 1.2 (median) 1 3673*
et al.67

Mean
operative Mean Postoperative Patient

time LOS morbidity satisfaction
Author n (min) (days) (n) (%)

Heikkinen 20 65 3.5 hours 8 Very
et al.64 satisified 70

satisfied 30

Wilson 121 40 (median) 2 (median) 36 —
et al.65

Tanphiphat 60 67* 3 30 —
et al.

Mean
operative Mean Postoperative

time LOS morbidity 
Author n (min) (days) (n) Recurrence

Gigot 

Delaitre 28 127* 8.6* 9 4
and Pitre86

Mean
operative Mean Postoperative

time LOS morbidity Global 
n (min) (days) (n) costs ($)

18 31.5 2 2 1197*

106 55.20* 3.42* 6 394.19*

27 81.7* 1.1 (median) 5 5430*

Mean
operative Mean Postoperative Patient

time LOS morbidity satisfaction
n (mins) (days) (n) (%)

20 62 6.5 hours 5 Very
satisfied 55
Satisfied 45

121 35 (median) 24 (median) 23 —

60 95* 2.6 25 —

Mean
operative Mean Postoperative

time LOS morbidity 
n (mins) (days) (n) Recurrence

50 203 4.7 11 8 (27%)

28 183* 5.1* 3 2

Open
Appendectomy

Laparoscopic
Appendectomy

(continued)

Inguinal Herniorrhaphy Inguinal Herniorrhaphy

Splenectomy Splenectomy



occurring in 0.1% of patients undergoing LC.32 Inappropriate
closure of a trocar site can lead to the development of a trocar
site hernia. All trocar sites measuring 10 mm or greater should
be sutured closed. Mechanical factors (wound infections, ab-
dominal distention, and coughing) are more often responsible
for causing wound disruption than systemic factors (malnutri-
tion, increased age, and chronic treatment with steroids).41

Abdominal gas insufflation has been implicated as the
cause of unusual laparoscopic complications. The diffusion
of CO2 into the bloodstream or its direct introduction into
the vascular system can lead to cardiac dysrythmias or em-
bolization.42–50 Large volumes of intravascular CO2 can lead
to sudden cardiac collapse by forming a gas lock in the right
ventricular outflow tract. The signs of CO2 embolization in-
clude hypotension, cyanosis, arrhythmia, and “millwheel”
murmur that can be heard through an esophageal stethoscope.
Fortunately, CO2 embolization during laparoscopy is rare,
with an incidence of 0.002% to 0.016%.45,51 When it occurs,
treatment entails release of the PNP and repositioning the pa-
tient in the left lateral decubitus position, head down, to float
the gas bubble into the right atrium, thus avoiding obstruc-
tion of the pulmonary outflow tract.

Inappropriate patient positioning and misuse of the spe-
cialized laparoscopic equipment can also lead to complica-
tions. The lithotomy position, often used during antireflux
procedures or colon resections, can cause nerve stretching and
ischemia that can lead to femoral neuropathy.52 As previously
discussed, head-up and head-down positioning can each have
cardiovascular implications. Proper functioning of all laparo-
scopic equipment should be assured before beginning the 
operation. Unless on standby, the laparoscopic light source
should be immediately attached to the laparoscope. If left un-
attached, surgical drape combustion is possible. Instrumenta-
tion should be periodically inspected for proper functioning
and intact insulation. To avoid intestinal perforation, only
smooth graspers should be used for intestinal manipulation.
Bowel injuries have also been reported by careless application
of the suction53 and irrigation stream. Because these devices

are deployed with considerable force, the suction or irrigator
should not be directed toward recently applied clips (i.e., 
cystic duct). Finally, thermal injuries from electrocautery can
result from careless application, defective insulation, or im-
proper grounding. It is safest to use properly insulated elec-
trocautery instruments and short bursts of current to avoid
thermal injuries. Attention to detail in laparoscopy, just as in
all surgical procedures, avoids most complications.54

Laparoscopy Today

Laparoscopic cholecystectomy has replaced the traditional ap-
proach to calculous gallbladder disease as the new gold stan-
dard.55 Strong scientific clinical evidence supports the supe-
riority of LC over OC. Laparoscopic cholecystectomy results
in shorter length of hospital stay, less postoperative pain, less
postoperative pulmonary embarrassment, faster return of
bowel function, and greater patient satisfaction than its open
counterpart. Recently, several other laparoscopic procedures
have challenged the position of well-described open tech-
niques. In fact, most general surgery procedures have been
performed laparoscopically. However, demonstrating feasi-
bility of a certain procedure does not illustrate practicality.
Data have accumulated examining relative benefits of lap-
aroscopic and open procedures (Table 15.3). A complete dis-
cussion of the indications for each of these procedures is not
possible in this introductory section, but most agree that there
is a place for each of the following procedures in the general
surgeon’s armamentarium.

Diagnostic Laparoscopy

Diagnostic laparoscopy has long been used in gynecology and
has more recently been employed in general surgery and in-
tensive care unit patients. In appropriately chosen, hemody-
namically stable patients, laparoscopy is both helpful and cost
effective.56,57
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Mean Post-
operative Mean Postoperative operative

time LOS sick leave % time
Author n (min) (days) (days) ph � 4

Blomqvist 19 129 8* 29.9* 1
et al.87

Hunter
et al.76

Mean Post
operative Mean Postoperative operative

time LOS sick leave % time
n (min) (days) (days) ph � 4

12 125 2* 9.9* 1

300 185 2.2 — 3.6

Mean Mean 
operative LOS

Author n time (min) (days)

Brunt et al.77 25 142 8.7

Linos et al.77 81 155A 8

Mean Mean 
operative LOS

n time (min) (days)

24 136 6.2

61 106 4.5

Mean Mean 
operative LOS

n time (min) (days)

24 183A 2.2A

18 116 2.2A

Open anterior
Adrenalectomy

Open
Funduplication

Laparoscopic
Funduplication

Open posterior
Adrenalectomy

Laparoscopic
Adrenalectomy

RAN, randomized; PRO, prospective; RET, retrospective; OBS, observational; CON, controlled; ITP, idiopathic thrombocytopenic purpura; LAP, laparoscopic;
LOS, postoperative length of hospital stay; *p � 0.05 LAP vs. open; A, p � 0.05 as compared independently to other groups; $ � US dollars.



Appendectomy

Several randomized, prospective clinical studies comparing
laparoscopic appendectomy (LA) to open appendectomy (OA)
clearly show the feasibility and safety of the laparoscopic pro-
cedure.60–69 The laparoscopic approach allows for compara-
ble, or shorter,64,67 length of postoperative hospital stay65 and
complication rates when compared to OA. The indications
for LA that seem most clear include patients with right lower
quadrant pain with an atypical presentation, women of child-
bearing age, obese patients, and those patients that routinely
participate in strenuous activity. 

Inguinal Herniorrhaphy

There are presently two well-studied approaches to laparo-
scopic herniorrhaphy, the transabdominal preperitoneal (TAPP)
repair and the totally extraperioneal (TEPP) approach. The re-
pair fashioned with each of these approaches is nearly identi-
cal, with the difference lying merely in the manner in which
the preperitoneal space is accessed. Both laparoscopic repairs
require the positioning and attachment of mesh over the her-
nia defect. Currently, there remains considerable debate as to
the specific indications for laparoscopic herniorrhaphy versus
open herniorrhaphy. The position of laparoscopic herniorrha-
phy will become clarified only after long-term follow-up data
for hernia recurrence become available.

Splenectomy

Several available studies report that laparoscopic splenectomy
(LS) is both feasible and safe.70–74 For patients with disorders
not requiring intact splenic architecture for pathological pro-
cessing (i.e., idiopathic thrombocytopenic purpura), some
claim LS has already replaced open splenectomy (OS) as the
new gold standard.75 However, it must be recognized that LS
remains a technically challenging procedure requiring sig-
nificantly longer operative time to complete. Laparoscopic
splenectomy should be reserved for surgeons with significant
laparoscopic experience and skill.

Esophagogastric Surgery

The approach to patients with gastroesophageal reflux disease
(GERD) has undergone dramatic change over the last several
years. Several studies show that laparoscopic fundoplication
has indeed replaced open fundoplication as the procedure of
choice for patients with severe GERD. Laparoscopic fundo-
plication provides excellent control of reflux symptoms (both
subjectively and objectively), shorter postoperative hospital
stay, and few complaints of late postoperative dysphagia. For
patients with achalasia, laparoscopic longitudinal myotomy
(Heller myotomy) has also been shown to be a feasible, ac-
ceptable, and often preferable alternative to a traditional open
approach to such patients.76

Adrenalectomy

As with other laparoscopic procedures, the advantage of lap-
aroscopic adrenalectomy (LAD) lies with significantly shorter
postoperative hospital stays and less patient discomfort as
compared to open adrenalectomy (OAD).77,78 The laparo-

scopic approach is advised for patients with benign and/or bi-
lateral adrenal disease. In addition, LAD has been shown to
be safe in patients with pheochromocytoma, provided that
adequate anesthetic monitoring is employed.79 In the hands
of an experienced laparoscopist, LAD has replaced OAD for
most patients requiring adrenalectomy.

Other Procedures

Laparoscopic colon and vascular procedures are clearly feasi-
ble but have not yet gained widespread acceptance. Laparo-
scopic colon resection is well suited for patients with benign
diseases (e.g., diverticular disease, colonic inertia) as well as
patients with dysplastic or suspicious polyps. The concept of
endovascular stenting of abdominal aortic aneurysms cur-
rently is the most provocative alternative to conventional
aneurysmectomy,80 while laparoscopic-assisted vascular pro-
cedures remains in their infancy.81 In carefully chosen pa-
tients, laparoscopic small-bowel resection, biliary-enteric by-
pass for pancreatic malignancy, and operations for peptic ulcer
disease are also indicated. In patients with intervertebral disk
disease, laparoscopic anterior exposure is both possible and
practical. Laparoscopic ventral hernia repair has shown prom-
ising preliminary results but still awaits long-term follow-
up.82,83 Finally, bedside laparoscopy for the evaluation of
mesenteric ischemia has been performed safely and is feasi-
ble in centers dedicated to its use.84,85
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Esophagus
C. Daniel Smith

Anatomy

General

The esophagus is a muscular tube lined with nonkeratinizing
squamous epithelium that starts as a continuation of the phar-
ynx and ends as the cardia of the stomach. The esophagus is
fixed only at its upper and lower ends, the upper end being
firmly attached to the cricoid cartilage and the lower end to
the diaphragm. This lack of fixation throughout its length al-
lows the esophagus both transverse and longitudinal mobility.
This mobility is important in normal esophageal function, as
well as pathological states that can easily displace the esoph-
agus or require extensive surgical mobilization for correction.

Course

Although the esophagus lies in the midline, it does not fol-
low a straight vertical course from pharynx to stomach, but
rather deviates to the left of midline as it courses through the
neck and upper thorax and slightly to the right of midline in
the midportion of the thorax near the tracheal bifurcation. It
is this deflection to the right of midline that dictates a right
thoracotomy when transthoracic esophagointestinal anasto-
mosis is necessary. In the lower portion of the thorax, the
esophagus again deviates to the left of midline as it passes be-
hind the heart and through the diaphragmatic hiatus. Over-
all, the esophageal axis through the chest is vertical. Any dis-
tortion of this vertical axis strongly suggests malignancy with
mediastinal invasion and retraction. Additionally, the esoph-
agus has anteroposterior deflections that correspond to the
curvatures of the cervical and thoracic spine. At its distal end,
the esophagus leaves the normal curvature of the spine and
deviates anteriorly to pass through the diaphragmatic hiatus.

In its course from the pharynx to the stomach, the esoph-
agus passes through three compartments, the neck, thorax,
and abdomen. The cervical portion of the esophagus is ap-
proximately 5 cm in length and courses between the trachea

and the vertebral column, passing into the chest at the level
of the sternal notch. The thoracic esophagus is approximately
20 cm long and courses behind the tracheal bifurcation and
heart before entering the abdominal cavity at about the level
of the xiphoid process of the sternum. The abdominal por-
tion of the esophagus is approximately 2 cm in length and is
surrounded by the phrenoesophageal ligament. This phre-
noesophageal membrane provides an airtight seal between the
thoracic and abdominal cavities, and must be strong enough
to resist abdominal pressure, yet flexible enough to move with
the pressure changes and movements incidental to breathing
and swallowing. The phrenoesophageal ligament is comprised
of pleura, subpleural (endothoracic) fascia, phrenoesophageal
fascia, transversalis fascia, and peritoneum (Fig. 16.1).

Length

The length of the esophagus is defined anatomically as the dis-
tance from the cricoid cartilage to the gastric orifice. In the adult
male, this length is from 22 to 28 cm and averages 2 cm shorter
in the female; esophageal length varies more with individual
height than sex. Because the precise location of the cricoid car-
tilage is difficult to determine, the length of the esophagus is
more commonly measured as the distance from the incisors to
the gastric inlet. This distance is easily determined during
esophagoscopy and averages 40 cm. Finally, the length of the
esophagus as measured manometrically is the distance from the
cricopharyngeus to the lower esophageal sphincter (LES).

Normal Constrictions

At rest, the esophagus is collapsed and in its proximal two-
thirds is flat with a diameter of 2.3 � 1.9 cm. At its lower end,
the esophagus is rounded with a diameter of 2.2 � 2.2 cm. Com-
pression by adjacent structures or muscles causes normal con-
strictions that are evident on a barium esophagogram or dur-
ing esophagoscopy. The most proximal constriction represents
the narrowest portion of the entire gastrointestinal tract and
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occurs at the beginning of the esophagus where the cricopha-
ryngeal musculature is located. The next constriction is located
20 cm from the incisors and is the result of indention of the
esophagus by the aortic arch and the left mainstem bronchus.
The lowermost narrowing, which is not constant, is located at
about 44 cm from the incisors and is caused by the gastro-
esophageal sphincter mechanism. Ingested foreign bodies tend
to lodge at these points of normal constriction; also, the tran-
sit of swallowed corrosives slows at these narrowings, leading
to prominent mucosal injury at these sites.

Structure

The esophagus consists primarily of three layers (Fig. 16.2). The
outer layer, the muscularis externa, comprises the chief mus-
cles of the esophagus and is made up of an internal circular

muscle layer and an external longitudinal muscle layer. In the
upper third of the esophagus, both layers are primarily striated
(voluntary) muscle fibers. In the middle third of the esophagus,
striated and smooth (involuntary) muscle fibers are intermin-
gled, and in the lower third, smooth muscle fibers predominate.
Most of the clinically significant esophageal motility disorders
involve only the smooth muscle portion of the esophagus; thus,
esophageal myotomy for the management of most esophageal
motor disorders needs to only extend along the lower esopha-
gus. Two bundles of longitudinal muscle fibers diverge and meet
in the midline of the posterior esophageal wall 3 cm below the
cricoid cartilage. This V-shaped area along the posterior wall of
the proximal esophagus covered only with circular muscle
fibers represents a potential weak area for subsequent divertic-
ula formation (see section on Esophageal Diverticula). The squa-
mous epithelium of the esophagus meets the junctional colum-
nar epithelium of the gastric cardia in a sharp transition called
the Z-line, typically located at or near the physiological LES.
The submucosa contains elastic and fibrous tissue and is the
strongest part of the esophageal wall. It is this layer that con-
tains the lamina propria which the surgeon relies on for a sound
esophageal anastomosis. Meissner’s plexus of nerves also re-
sides within the submucosal layer.

Vessels

ARTERIAL

The arterial blood supply to the esophagus is segmental with
three main sources supplying the upper, middle, and lower
sections of the esophagus (Fig. 16.3). The cervical esophagus
receives blood from the superior thyroidal artery as well as the
inferior thyroidal artery of the thyrocervical trunk, and both
sides communicate through a rich collateral network. The tho-
racic portion of the esophagus is supplied proximally by two
to three bronchial arteries, and distally from esophageal ar-
teries arising directly from the aorta. The abdominal esopha-
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FIGURE 16.1.  Anatomical relationships of the distal esophagus and
phrenoesophageal ligament. (From Gray SW, Skandalakis JE, Mc-
Clusky DA. Atlas of Surgical Anatomy for General Surgeons. Balti-
more: Williams & Wilkins, 1985, with permission.)

FIGURE 16.2.  Cross section of the esophagus showing the layers of
the wall. (From Jamieson GG, ed. Surgery of the Esophagus. Edin-
burgh: Churchill Livingstone, 1988:19–35, with permission.)

FIGURE 16.3.  Arterial blood supply of the esophagus. (From Shields
TW, ed. General Thoracic Surgery, 3rd Ed. Philadelphia: Lea &
Febiger, 1989:84, with permission.)



gus receives blood from branches of the left gastric and infe-
rior phrenic arteries.

VENOUS

The venous drainage of the esophagus follows the arterial 
capillary network. Longitudinally oriented periesophageal 
venous plexi return blood in the cervical esophagus to the in-
ferior thyroid vein, in the thoracic esophagus to the bronchial,
azygous, and hemiazygous veins, and in the abdominal esoph-
agus to the coronary vein.

LYMPHATIC

The lymphatic drainage of the esophagus is abundant and forms
a dense submucosal plexus. Flow of lymph runs longitudinally,
coursing cephalad in the upper two-thirds of the esophagus and
caudad in the lower third. Because this lymphatic system is
not segmental, lymph can travel a long distance in this plexus
before traversing the muscle layer and entering the regional
lymph nodes. As a consequence, free tumor cells of the upper
esophagus can metastasize to superior gastric nodes, or con-
versely, a cancer of the lower esophagus can metastasize to su-
perior mediastinal nodes. More commonly, the lymphatic
drainage from the upper esophagus courses primarily into the
cervical and peritracheal lymph nodes, while that from the
lower thoracic and abdominal esophagus drains into the retro-
cardiac and celiac nodes.

Innervation

The esophageal neural branches are secretomotor to glands and
motor to muscular layers. The esophagus has both sympathetic
and parasympathetic innervation. The sympathetic nerve sup-
ply is through the cervical and thoracic sympathetic chain and
from the celiac plexus and ganglia. The parasympathetic in-
nervation of the pharynx and esophagus is primarily through
the vagus nerve. In the neck, the superior laryngeal nerves arise
from the vagus nerve and divide into the external and internal
laryngeal branches. The external laryngeal nerve innervates the
cricothyroid muscle and in part the inferior pharyngeal con-
strictor, while the internal laryngeal nerve provides sensation
to the pharyngeal surface of the larynx and base of the tongue.
Injury to the recurrent laryngeal nerve may cause both hoarse-
ness and upper esophageal sphincter dysfunction with sec-
ondary aspiration during swallowing. Distally, the vagal trunks
contribute to the anterior and posterior esophageal plexi, and
at the diaphragmatic hiatus, these plexi fuse to form the ante-
rior and posterior vagus nerves. Finally, a rich intrinsic ner-
vous supply called the myenteric plexus exists between the
longitudinal and circular muscle layers (Auerbach’s plexus) and
in the submucosa (Meissner’s plexus).

Physiology

Once initiated, swallowing is entirely a reflex. The tongue acts
like a piston propelling the bolus into the posterior oral phar-
ynx and forcing it into the cylinder of the hypopharynx. With
this piston-like movement of the tongue posteriorly, the soft
palate is elevated, sealing the passage between the oral phar-
ynx and the nasopharynx. The closing of the valve of the soft
palate prevents dissipation of the pressure generated within the
pharyngeal cylinder through the nasopharynx and nose. Nearly

concomitant with this, the hyoid bone and larynx move up-
ward and anteriorly, bringing the epiglottis under the tongue
and sealing the opening of the larynx to prevent aspiration (Fig.
16.4). This sequence, the pharyngeal phase of swallowing, oc-
curs within 1.5 s of initiation of a swallow. Dysfunction or
paralysis of any of these interrelated actions, as following a
cerebrovascular accident, leads to discoordinated movements
and regurgitation of food into the nasopharynx or aspiration.

During the pharyngeal phase of swallowing, the pressure
in the hypopharynx quickly rises to at least 60 mmHg, creat-
ing a sizable pressure difference between the hypopharyngeal
and the less than atmospheric midesophageal or intrathoracic
pressure. With this pressure gradient, when the cricopharyn-
geus or upper esophageal sphincter relaxes, food is quickly
moved from the hypopharynx into the esophagus. In this way,
the bolus is both pushed through peristaltic contraction of the
posterior pharyngeal constrictors and sucked into the thoracic
esophagus. Immediately after the bolus clears the upper
esophageal sphincter (UES), the UES closes to an immediate
closing pressure of approximately twice its resting level of 30
mmHg. This post-UES contraction initiates a migrating con-
traction that continues down the esophagus as a primary peri-
staltic wave (Fig. 16.5). The high closing pressure and pro-
gression of the peristaltic wave prevents reflux of the bolus
back into the pharynx. Shortly after the peristaltic wave has
migrated down the esophagus, the pressure of the UES quickly
returns to its resting level.

The esophageal phase of swallowing requires well-coordi-
nated motor activity to propel the food from the negative-pres-
sure environment of the chest (�6 mmHg) to the positive-pres-
sure environment of the stomach (�6 mmHg). Peaks of a
primary peristaltic contraction result in an occlusive pressure
wave varying from 30 to 100 mmHg, with this primary peri-
staltic contraction moving down the esophagus at 2 to 4 cm per
second (see Fig. 16.5). The transit time from initiation of a swal-
low to the bolus reaching the distal esophagus is about 9 s.

A second type of peristaltic wave (secondary peristalsis)
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FIGURE 16.4.  Sequence of events during the pharyngeal phase of
swallowing. (From Zuidema GD, Orringer MD, eds. Shackelford’s
Surgery of the Alimentary Tract, Vol. 1, 3rd Ed. Philadelphia: Saun-
ders, 1991:95, with permission.)



is not triggered by voluntary swallowing, but rather refers to
peristaltic waves that usually appear after esophageal dilation
either from a retained bolus or from active distention of the
esophagus. These secondary contractions occur without any
movements of the mouth or pharynx, and can occur as inde-
pendent local reflexes to clear the esophagus of ingested ma-
terial left behind after the passage of the primary wave. A
third pattern of contractile activity, tertiary contractions, oc-
curs after voluntary swallows or spontaneously between swal-
lows. Tertiary contractions are nonpropulsive, generate peak
pressures in the range of 10 to 13 mmHg, and follow 3% to
4% of all swallows.

The lower esophageal sphincter (LES) acts as the valve at
the end of the esophageal body and provides a pressure bar-
rier between the esophagus and stomach. Although an
anatomical lower esophageal sphincter does not exist, the ar-
chitecture of the muscle fiber at the junction of the esopha-
gus and the stomach helps explain some of the sphincter-like
activity of the LES. The resting tone of the LES is approxi-
mately 20 mmHg and resists reflux of gastric content into
the lower esophagus. With initiation of a pharyngeal swal-
low, the lower esophageal sphincter pressure decreases to al-
low the primary peristaltic wave to propel the bolus into the
stomach.

Assessment of Esophageal Function

Several diagnostic tests are available to evaluate patients
with esophageal disease. Remembering the anatomical and
physiological features of the esophagus, these tests can be di-

vided into (1) tests to detect structural abnormalities, (2) tests
to detect functional abnormalities, (3) tests to assess eso-
phageal exposure to gastric content, and (4) tests to provoke
esophageal symptoms (Table 16.1).

Assessment of Structural Abnormalities

RADIOLOGIC STUDIES

CONTRAST ESOPHAGOGRAM

The simplest and often first diagnostic test for esophageal dis-
ease is a contrast esophagogram, most commonly a barium
swallow. Structural abnormalities including diverticula, nar-
rowing or stricture, ulcers, and hiatal or para-esophageal her-
nias can all be nicely demonstrated with an esophagogram. 

OTHER RADIOLOGIC STUDIES

Plain chest X-ray films may reveal changes in cardiac silhou-
ette or tracheobronchial location suggesting esophageal disor-
ders. CT scan of the chest or magnetic resonance imaging (MRI)
may also be useful in assessing lesions identified with barium
swallow or endoscopy thought to be malignancies. Finally, a
modified barium study in the lateral projection under ciné flu-
oroscopy may be especially useful in identifying mechanical
disorders of the pharyngeal swallowing mechanism.

ENDOSCOPY

Most patients with esophageal symptomatology should un-
dergo esophagoscopy. All patients with dysphagia should un-
dergo esophagoscopy, even in the presence of a normal barium
swallow. A barium swallow performed before esophagoscopy
helps the endoscopist to focus on any subtle radiographic find-
ings and helps to prevent endoscopic misadventures with
anatomic abnormalities such as esophageal diverticula.

For the initial assessment, the flexible esophagoscope al-
lows a safe, thorough assessment, which can be performed
quickly in an outpatient setting with high patient tolerance
and acceptance. Rigid esophagoscopy is rarely indicated and
remains a tool used primarily in the operating room when
cricopharyngeal or cervical esophageal lesions prevent pas-
sage of a flexible scope, or when biopsies deeper than those
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FIGURE 16.5.  Intraluminal esophageal pressures in response to swal-
lowing. (From Waters PF, Demeester TR. Foregut motor disorders and
their surgical management. Med Clin North Am 1981;65:1238, with
permission.)

TABLE 16.1. Assessment of Esophageal Function.

Condition Diagnostic test

Structural abnormalities Barium swallow
Endoscopy
Chest X-ray
CT scan
Cine fluoroscopy
Endoscopic ultrasound

Functional abnormalities Manometry (stationary and 24 hour)
Transit studies

Esophageal exposure to 24-hour pH monitoring
gastric content

Provoke esophageal Acid perfusion (Berstein)
symptoms Edrophonium (tensilon)

Balloon distension
Others Gastric analysis

Gastric emptying study
Gallbladder ultrasound



obtainable with flexible endoscopy are needed to stage dis-
ease and plan resective therapy for malignancy.

More recently, endoscopic ultrasound (EUS) allows charac-
terization and staging of esophageal lesions by imaging the lay-
ers of the esophageal wall and surrounding structures to iden-
tify depth of tumor invasion, periesophageal lymphadenopathy,
and EUS-guided fine-needle aspiration of lymph nodes.

Assessing Functional Abnormalities

ESOPHAGEAL MANOMETRY

Manometry is indicated when a motor abnormality is sus-
pected on the basis of symptoms of dysphagia or odynophagia
and the barium swallow and esophagoscopy do not show an
obvious structural abnormality. Manometry is essential to con-
firm the diagnosis of primary esophageal motility disorders of
achalasia, diffuse esophageal spasm, nutcracker esophagus, and
hypertensive lower esophageal sphincter. It may be useful in
identifying nonspecific esophageal motility disorders and
motility abnormalities secondary to systemic diseases of scle-
roderma, dermatomyositis, polymyositis, or mixed connective
tissue disease. Finally, in patients with symptomatic gastroe-
sophageal reflux, manometry is particularly useful in assess-
ing preoperative esophageal clearance mechanisms and com-
petency and function of the distal esophageal sphincter.

Assessing Esophageal Exposure to Gastric Content

AMBULATORY 24-HOUR PH MONITORING

Ambulatory 24-h pH monitoring in the distal esophagus has
become the gold standard for quantitating esophageal exposure
to acidic gastric content. A pH electrode is positioned 5 cm
proximal to the manometrically identified distal esophageal
sphincter. The esophageal pH at this location is then recorded
continuously throughout a 24-h cycle while the patient con-

tinues his or her normal routine including eating and usual
activities. During the test, the patient maintains a diary record-
ing body positions, meals, and symptoms so that esophageal
exposure to acid can be correlated with symptoms. At the com-
pletion of the test, the results are tallied and compared to nor-
mal values for esophageal exposure to acid. An episode of acid
reflux is defined as pH less than 4 in the distal esophagus.

Twenty-four-hour ambulatory pH monitoring is indicated
for patients who have typical symptoms of gastroesophageal
reflux for whom other diagnostic tests are equivocal, atypi-
cal symptoms of gastroesophageal reflux such as noncardiac
chest pain, persistent cough, wheezing, or unexplained laryn-
gitis, or previously failed esophageal or gastric surgery with
recurrent symptoms.

Provocation of Esophageal Symptoms

The acid perfusion test (Bernstein test), edrophonium (Ten-
silon) test, and balloon distension test to identify a relation-
ship between symptoms and esophageal exposure to acid or
motor abnormalities have been virtually replaced by 24-h am-
bulatory pH monitoring and esophageal manometry. These
tests are primarily of historical and academic interest only.

Assessment of Esophageal Symptoms

Table 16.2 lists patient symptoms that may be attributable
to esophageal disorders.

Motor Disorders of the Esophagus

Disordered Pharyngeal Swallowing

Diseases affecting pharyngoesophageal function produce a
characteristic type of dysphagia. Patients experience the more
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TABLE 16.2. Patient Symptoms and Likely Etiologies.

Symptom Definition Likely etiology

Heartburn Burning discomfort behind breast bone Gastroesophageal reflux
Bitter acidic fluid in mouth (GER)
Sudden filling of mouth with clear/salty

fluid
Dysphagia Sensation of food being hindered in Motor disorders

passage from mouth to stomach Inflammatory process
Diverticula
Tumors

Odynophagia Pain with swallowing Severe inflammatory process
Globus sensation Lump in throat unrelated to swallowing
Chest pain Mimics angina pectoris GER

Motor disorders
Tumors

Respiratory symptoms Asthma/wheezing, bronchitis, hemoptysis, GER
stridor Diverticula

Tumors
ENT symptoms Chronic sore throat, laryngitis, halitosis, GER

chronic cough Diverticula
Rumination Regurgitation of recently ingested food Achalasia

into mouth Inflammatory process
Diverticula
Tumors



universally understood symptom of “difficulty in swallowing,”
with difficulty propelling food out of the mouth and through
the hypopharyngeal region into the esophageal body. Aspira-
tion or nasopharyngeal regurgitation are frequent outcomes.

Disorders of the pharyngoesophageal phase of swallowing
are rare and are usually a consequence of (1) inadequate oral
pharyngeal bolus transit, (2) inability to pressurize the phar-
ynx, (3) inability to elevate the larynx, or (4) discoordination
of the cricopharyngeus.

DIAGNOSIS

The diagnosis of disordered pharyngoesophageal swallowing
relies on a strong suspicion of disordered swallowing based
on a carefully taken history. Dysphagia immediately follow-
ing initiation of a swallow, associated with coughing or na-
sopharyngeal regurgitation, will predominate. The single
most objective measure in assessing oropharyngeal dysfunc-
tion is the modified barium swallow in which the barium is
thickened, and during swallowing a fluoroscopic recording in
the lateral projection is made to document bolus passage from
the mouth, through the oral pharynx, and into the esophageal
body. Careful slow motion review of this study allows iden-
tification of abnormalities in any of the previously listed steps
of oropharyngeal swallowing. Additionally, all patients
should undergo an endoscopic evaluation to rule out struc-
tural abnormalities or malignancy.

TREATMENT

Once identified, most disorders of pharyngoesophageal swal-
lowing are managed with diet modification and swallowing
retraining.

Disordered Esophageal Body and LES

ACHALASIA

Achalasia is characterized by an absence of esophageal peri-
stalsis and failure of the lower esophageal sphincter (LES) to
completely relax upon swallowing. Primary achalasia is the
result of one or more neural defects, with the most common
neuroanatomical change being a decrease or loss of myenteric
ganglion cells.1,2

Achalasia has an incidence of 0.4 to 0.6 per 100,000 and a
prevalence of 8 per 100,000.3,4 It has been described from in-
fancy to the elderly with the majority of patients presenting
between the ages of 20 and 40 years. There is no sex predilec-
tion. Familial cases have been identified,5,6 primarily in the
pediatric population, with the role of genetic factors remain-
ing unclear. Achalasia is considered a risk factor for esophageal
malignancy.7,8

DIAGNOSIS

Patients typically present with solid food dysphagia and vary-
ing degrees of liquid dysphagia. Often, exacerbation of their
dysphagia is brought on with ingestion of cold liquids or emo-
tional stress. Symptoms onset is gradual with the average du-
ration of dysphagia before presentation being 2 years.

The typical symptoms of dysphagia and regurgitation
prompt the performance of a barium swallow, revealing the
typical bird’s-beak deformity in the distal esophagus with

more proximal esophageal dilatation; 90% of patients with
achalasia have this typical radiographic finding.9 This typical
esophagogram may also be found with “pseudo-achalasia,” a
condition in which compression by intrinsic or extrinsic
masses may mimic the classic radiographic findings of achala-
sia.10 Pseudoachalasia is typically seen with gastroesophageal
malignancies or as part of a paraneoplastic syndrome.11,12

Finally, vigorous achalasia, a very early stage of achalasia,
may present with strong tertiary esophageal contractions 
resulting in a radiographic appearance similar to diffuse
esophageal spasm.13

The classic endoscopic picture is that of a dilated, patu-
lous esophageal body tapering down to a puckered LES which
fails to open with air insufflation. However, the endoscope
usually passes the LES easily with minimal force or pressure.

Esophageal manometry remains the gold standard for di-
agnosing achalasia, characterized by absent peristalsis in the
distal smooth muscle segment of the esophagus with incom-
plete LES relaxation.14 While an elevated LES pressure (greater
than 35 mmHg) may be seen, it is the incomplete sphincter
relaxation that is characteristic, occurring in more than 80%
of patients with achalasia. The manometric finding of nor-
mal esophageal motility should prompt an aggressive search
for a tumor that may be causing pseudoachalasia.

TREATMENT

PHARMACOTHERAPY

The agents traditionally used to treat patients with achalasia
have been smooth muscle relaxants aimed at decreasing LES
tone, including calcium channel blockers (nifedipine, vera-
pamil), opioids (loperamide), nitrates (isorsorbide dinitrate),
and anticholinergics (cimetropium bromide).15–23 These
drugs, while effective in reducing LES pressure, either fail to
alter symptoms23 and are poorly tolerated due to side ef-
fects,17,22 or have no sustainable effects.18,21 Given these re-
sults and the excellent results obtained with other modes of
therapy, pharmacotherapy is best reserved as an adjunct to
the other therapies or for those patients not candidates for
other more effective treatments.

BOTULINUM TOXIN

Botulinum toxin (BoTox) is a potent inhibitor of acetylcholine
release from presynaptic nerve terminals. Recently, BoTox
endoscopically injected into the LES has been used in the
management of achalasia to decrease resting LES tone. The
exact role of BoTox injection in the overall management of
achalasia remains to be defined.

ESOPHAGEAL DILATION

Pneumatic dilatation is considered the standard nonoperative
therapy for achalasia. In many institutions it is considered
the overall treatment of choice. The objective of forced dila-
tion of the esophagus is to break the muscle fibers of the LES
and thereby decrease LES tone. Response to pneumatic di-
latation is variable with most studies documenting response
rates between 60% and 80%.24–28 However, a decrease in LES
pressure does not always correspond to improvement in clin-
ical symptoms,29 and up to 50% of patients with initial good
response to dilation have recurrence of their symptoms
within 5 years of treatment.30 Fortunately, patients who re-
spond to dilatation appear to respond equally well to a sec-
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ond session. Pneumatic balloon dilatation is considered by
many to be the most effective nonoperative therapy for acha-
lasia. Dilatation carries a risk of esophageal perforation with
devastating effects, and the long-term effectiveness of dilata-
tion falls short of the long-term results following operative
myotomy (Table 16.3).

OPERATIVE MYOTOMY

Operative myotomy involves dividing the muscle layers of
the LES while preserving the integrity of the esophageal mu-
cosa. A dissection plane is usually easily developed in 
the submucosa where the overlying muscle fibers can be 
transected. An antireflux procedure often accompanies the
esophageal myotomy. Esophageal myotomy has been per-
formed either through the chest or abdomen, using traditional
open techniques or laparoscopy or thoracoscopy.  Overall re-
sults with operative myotomy are excellent with low com-
plication rates.

Who should be offered operative myotomy? A careful
review of the data does not answer this question. Generally,
there are four groups for whom one should consider my-
otomy. The first is young patients for whom a single inter-
vention with the best long-term result is the most effective
overall. Pneumatic dilatation is clearly less effective in
younger patients, and because of the short duration of its ef-
fect, treatment with BoTox is less desirable for young pa-
tients. The second group is those who have failed either
BoTox or pneumatic dilatation. It is not clear what consti-
tutes a failure of these therapies because they can be repeated
with some increase in response with successive treatments.
It seems reasonable to offer an operative myotomy to a 
patient who is an operative candidate and has failed two 
trials of either nonoperative therapy. The third group is pa-
tients who are at excessive risk for esophageal perforation
with pneumatic dilatation, including patients with a tortu-
ous esophagus, esophageal diverticula, or previous gastro-
esophageal junction surgery. These same conditions will also
limit endoscopic access for BoTox injection. Finally, there is
an increasing number of patients who are looking for more
lasting therapy and wish to avoid multiple interventions. The
success of laparoscopic approaches to GER and hiatal hernia
is now prompting patients to seek out “minimally invasive”
therapies for achalasia that have a low complication rate and
lasting results.
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What technique of operative myotomy should be used?
Recent success with laparoscopic myotomy has shown the la-
paroscopic approach to be comparable to open myotomy, with
enhanced postoperative recovery and shorter hospital stay.31

The data do not clearly support any technique over another,
although the laparoscopic technique of operative myotomy
currently appears to be the most widely applied and repro-
ducible.

Should an antireflux procedure accompany myotomy?
The two most common reasons for a poor outcome following
operative myotomy are persistent dysphagia or GER. The oc-
currence of each of these may reflect differences in operative
approach or technique. In cases where a shorter distal my-
otomy is performed, GER rates are less, and dysphagia rates
are increased. The answer to whether to perform an antireflux
procedure may lie in the extent of distal myotomy performed,
although there are no solid data to substantiate this claim.

Spastic Disorders of the Esophagus

Spastic disorders of the esophagus are primarily disorders 
defined by manometric abnormalities in the smooth muscle seg-
ment of the esophagus. These smooth muscle “spasms” typi-
cally consist of tertiary contractions that are simultaneous,
repetitive, nonperistaltic, and often of prolonged duration and
increased power. Spastic disorders of the esophagus are classi-
cally discussed as four distinct entities (diffuse esophageal
spasm, nutcracker esophagus, hypertensive LES, and nonspecific
esophageal motility dysfunction), but reports of evolution of one
motility pattern into another suggest that these separate disor-
ders may be within a single spectrum of motor dysfunction.

DIAGNOSIS

Dysphagia and chest pain are the dominant presenting symp-
toms. Esophageal manometry remains the gold standard for di-
agnosing spastic esophageal disorders (Table 16.4).

TREATMENT

Approaches to the treatment of esophageal spastic disorders
are aimed at ameliorating symptoms. Strategies have included
those same therapies applied to achalasia and include phar-
macotherapy, botulinum toxin injection into the LES, balloon
dilation, or operative myotomy. Due to the rarity of these

TABLE 16.3.

Review of Cited Experience Using Balloon Dilatation versus Operative Myotomy 
for Treatment of Achalasia.

Author No. patients Results

Felix 199878 (pr) 40 Myotomy, lower LESP, less GER;
otherwise no difference

Csendes 198979 (pr) 81 Myotomy, 95% improved at 65 months
Dilatation, 65% improved at 58 months

Moreno-Gonzalez 1416 Myotomy, 82% improved
198880 (ret, multi) 320 Dilatation, 65% improved
Okike 197928 (ret) 468 Myotomy, 85% improved

431 Dilatation, 65% improved

pr, prospective randomized; ret, retrospective; multi, multi-institutional.



conditions and the difficulty in their diagnosis, no data exist
on which to base definitive statements regarding treatment. 

Esophageal Diverticula

An esophageal diverticulum is an epithelial-lined mucosal
pouch that protrudes from the esophageal lumen. Most
esophageal diverticula are acquired and occur in adults.
Esophageal diverticula are classified according to their location
(pharyngoesophageal, midesophageal, or epiphrenic), the layers
of the esophagus that accompany them (true diverticulum,
which contain all layers, or false diverticulum, containing only
mucosa and submucosa), or mechanism of formation (pulsion
or traction) (Table 16.5). Most esophageal diverticula are pul-
sion diverticula.

Pharyngoesophageal Diverticulum (Zenker’s)

This is the most common of the esophageal diverticula, with
a prevalence between 0.01% and 0.11%. It is a condition of
the elderly, with 50% of cases occurring during the seventh
and eighth decades of life. Pharyngoesophageal diverticula
consistently arise within the inferior pharyngeal constrictor,
between the oblique fibers of the thyropharyngeus muscle and
through or above the more horizontal fibers of the cricopha-
ryngeus muscle (the upper esophageal sphincter). The point
of transition in the direction of these muscle fibers represents
an area of potential weakness in the posterior pharynx (Kil-
lian’s triangle). Pharyngoesophageal diverticula appear to be
acquired, as evidenced by the predominance in the elderly.

DIAGNOSIS

The presenting symptoms of pharyngoesophageal diverticu-
lum are usually characteristic and consist of cervical eso-
phageal dysphagia, regurgitation of bland undigested food, fre-
quent aspiration, noisy deglutition (gurgling), halitosis, and
voice changes. Dysphagia is present in 98% of patients, and

pulmonary aspiration is a serious consequence, occurring in
up to one-third of patients. Cancer has been reported in a
pharyngoesophageal diverticulum, but the frequency of this
occurrence is no higher than that in the general population.

The diagnosis of pharyngoesophageal diverticulum is eas-
ily made with a barium esophagogram. Endoscopy, 24-h pH
monitoring, and esophageal manometry are not indicated un-
less some feature of the symptoms or the esophagogram raise
suspicion of other conditions (malignancy or GER).

TREATMENT

As is the case with all pulsion diverticula, the proper treat-
ment must be directed at relieving the underlying neuromo-
tor abnormality responsible for the increased intraluminal
pressure and then managing the diverticulum. Most tech-
niques described have employed division of the cricopharyn-
geus muscle followed by resection, imbrication, obliteration,
or fenestration of the diverticulum. Most approaches to man-
agement agree that relief of the relative obstruction distal to
the pouch through cricopharyngeal myotomy is the most im-
portant aspect of treatment.

Midesophageal Diverticulum

Midesophageal diverticula are rare and most commonly as-
sociated with mediastinal granulomatous disease (histoplas-
mosis or tuberculosis). They are thought to arise because of
adhesions between inflamed mediastinal lymph nodes and the
esophagus. By contraction, the adhesions exert “traction” on
the esophagus with eventual localized diverticulum develop-
ment. These are true diverticula with all layers of the esoph-
agus present in the diverticulum. Some midesophageal di-
verticula are related to motility disorders and represent more
classic pulsion features (typically larger, false diverticulum).

DIAGNOSIS/TREATMENT

A midesophageal diverticulum is typically asymptomatic and
diagnosed incidentally on a barium esophagogram for other
reasons. When such an asymptomatic diverticulum is found,
no treatment is necessary. In patients with symptoms, esopha-
geal manometry is indicated to search for an esophageal mo-
tor disorder. Symptomatic diverticula require treatment.
When associated with an esophageal motility disorder, a small
diverticulum may be treated with esophageal myotomy only.
Larger diverticula usually require an accompanying resection
or diverticulopexy. In the absence of a motor abnormality, di-
verticulectomy alone is indicated. Diverticulectomy with or
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TABLE 16.4. Manometric Criteria for Spastic Motor Disorders of the Esophagus.

Diffuse esophageal spasm Simultaneous contractions (�10% of wet swallows)
Intermittent normal peristalsis

Nutcracker esophagus High-amplitude contractions (�180 mmHg)
Normal peristalsis

Hypertensive LES High resting LES pressure (�45 mmHg)
Normal LES relaxation
Normal peristalsis

Nonspecific motor dysfunction Frequent nonpropagated or retrograde contractions
Low-amplitude contractions (�30 mmHg)
Abnormal waveforms
Body aperistalsis with normal LES

LES, lower esophageal sphincter.

TABLE 16.5. Classification of Esophageal Diverticula.

Diverticulum Location Mechanism Type

Pharyngoesophageal UES Pulsion False
Midesophageal Tracheal bifurcation Traction True
Epiphrenic Distal esophagus Pulsion False

UES, upper esophageal sphincter.



without myotomy usually requires a transthoracic approach,
either open or thoracoscopic.

Epiphrenic (Pulsion) Diverticulum

A fairly rare condition, an epiphrenic diverticulum typically
occurs within the distal 10 cm of the esophagus and is a pul-
sion type. It is most commonly associated with esophageal
motor abnormalities (achalasia, hypertensive LES, diffuse
esophageal spasm, nonspecific motor disorders), but may be
the result of other causes of increased esophageal pressure.

DIAGNOSIS/TREATMENT

Most epiphrenic diverticula are symptomatic because of the
underlying esophageal motor disorder. Diagnosis of the diver-
ticulum is made during barium esophagogram. Manometry,
esophagoscopy, and 24-h pH testing may be necessary to diag-
nose associated conditions and direct specific treatments. Most
epiphrenic diverticula require esophageal myotomy extending
from the neck of the diverticulum onto the gastric cardia for
a distance of 1.5 to 3.0 cm (see section on myotomy for acha-
lasia). Diverticulectomy, fundoplication, or repair of hiatal her-
nia may also be necessary depending on the size of the diver-
ticulum or associated conditions.

Gastroesophageal Reflux

Definition

Gastroesophageal reflux (GER) is defined as the failure of the
antireflux barrier, allowing abnormal reflux of gastric contents
into the esophagus.32,33 It is a mechanical disorder that is
caused by a defective lower esophageal sphincter (LES), a gas-
tric emptying disorder, or failed esophageal peristalsis. These
abnormalities result in a spectrum of disease ranging from the
symptom of “heartburn” to esophageal tissue damage with sub-
sequent complications. GER is an extremely common condi-
tion accounting for nearly 75% of all esophageal pathology.

Pathophysiology

ANTIREFLUX MECHANISM

Although the exact nature of the antireflux barrier is incom-
pletely understood, the current view is that the lower
esophageal sphincter (LES), the diaphragmatic crura, and the
phrenoesophageal ligament are key components.34,35 LES dys-
function is the most common cause of GER. A popular model
proposed by DeMeester details three factors that determine the
competence of the LES: (1) resting LES pressure, (2) resting LES
length, and (3) abdominal length of the LES (Table 16.6).

LES dysfunction may be either physiological and tran-
sient, or pathological and permanent. Postprandial gastric dis-
tension results in pressure against the LES, stretching and
pulling the sphincter open while shortening the LES length.
The resulting incompetence of the LES leads to transient pe-
riods of reflux.

Permanent failure of the LES occurs when there is struc-
tural damage to the components of the LES (resting pressure,
overall length, and intraabdominal length). Any or all of these

components of LES function interrelate to provide a struc-
tural barrier against reflux. If one component is abnormal, the
probability of GER is 73%. If two components are abnormal
this increases to 74%, and if all three are abnormal, 92%. Be-
cause the probability of GER does not reach 100% with com-
plete LES dysfunction, there are clearly other components of
the antireflux barrier.

CONSEQUENCES OF REFLUX

Gastroesophageal reflux may lead to symptoms related to the
reflux of gastric content into the esophagus, lungs, or orophar-
ynx, or to damage to the esophageal mucosa and respiratory
epithelium with subsequent changes related to repair, fibro-
sis, and reinjury. Manifestations of GER are typically classi-
fied as esophageal and extraesophageal. Esophageal manifes-
tations of GER include heartburn, chest pain, water brash, or
dysphagia (see Table 16.2). Dysphagia often suggests a com-
plication of GER such as esophagitis and ulceration, stricture,
or Barrett’s metaplastic changes. Extraesophageal manifesta-
tions are generally pulmonary, resulting from pulmonary as-
piration of refluxate, or a vagally mediated reflex that induces
bronchospasm when refluxate stimulates the distal esopha-
gus. Other extraesophageal manifestations include chronic
cough, laryngitis, dental damage, and chronic sinusitis.

DIAGNOSIS

The clinical diagnosis of GER is fairly straightforward if the
patient reports the classic symptom of heartburn that is read-
ily relieved after ingesting antacids. Other typical symptoms
of GER include regurgitation or dysphagia. Recently it has
been appreciated that chest pain, asthma, laryngitis, recur-
rent pulmonary infections, chronic cough, and hoarseness
may be associated with reflux, and this association is leading
to increasing numbers of patients with these atypical GER
symptoms to be evaluated for reflux.

In a patient with typical symptoms, endoscopic findings
of esophageal erosions, ulcers, or columnar-lined esophagus
is fairly specific for GER. During esophagogastroduoden-
oscopy (EGD), esophageal mucosal biopsy should be obtained
to confirm esophagitis, and esophageal length and the pres-
ence of a hiatal hernia or stricture can be assessed and may
eliminate the need for a confirmatory barium swallow. With
these findings, no other tests beyond EGD are necessary to
diagnose GER. However, in many patients the EGD will be
normal due to empiric treatment of symptoms by primary
care physicians. In this setting, 24-h pH testing is necessary
to objectively establish the diagnosis of GER.

TREATMENT

MEDICAL

The principles of nonoperative management of GER include
lifestyle modifications, medical therapy to control symptoms,
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TABLE 16.6. Features of an Incompetent Lower Esophageal Sphinc-
ter (LES).

LES characteristics Incompetent if:

Resting LES pressure �6 mmHg
Resting LES length �2 cm
Length intraabdominal LES �1 cm



and identification of those patients who would be best served
with an antireflux operation. Although lifestyle modifications
have always been the initial step in therapy, only those pa-
tients with mild and intermittent symptoms seem to benefit
from lifestyle changes alone. Most patients who seek med-
ical advice will be best treated either medically or surgically.

Numerous trials have shown that short-term treatment
of GER with acid suppression regimens can effectively relieve
symptomatic GER and heal reflux esophagitis; however, lev-
els of success depend on the type, duration, and dosage of an-
tisecretory therapy. Recurrence of esophagitis and symptoms
is frequently observed. Proton pump inhibitors (PPI) have pro-
foundly changed the medical treatment of GER. Rates of heal-
ing of esophagitis have dramatically improved with PPIs when
compared to H2 receptor antagonists (H2RA). However, the
cost of PPI has lead many to recommend their use in only
complicated or refractory GER.

There are no contemporary prospective studies from
which to make definitive recommendations regarding med-
ical management of GER or medical versus surgical manage-
ment. Treatment algorithms based on endoscopic findings are
shown in Figs. 16.6 and 16.7.

SURGICAL

Medical therapy is the first line of management for GER.
Esophagitis heals in approximately 90% of cases with inten-
sive medical therapy. However, medical management does

not address the condition’s mechanical etiology; thus, symp-
toms recur in more than 80% of cases within 1 year of drug
withdrawal.36 In addition, although medical therapy may ef-
fectively treat the acid-induced symptoms of GER, esophageal
mucosal injury may continue because of ongoing alkaline re-
flux.37 Because GER is a chronic condition, medical therapy
involving acid suppression or promotility agents may be re-
quired for the rest of a patient’s life. Surgical therapy, which
addresses the mechanical nature of this condition, is curative
in 85% to 93% of patients.38–41 Chronic medical management
may be most appropriate for patients with limited life ex-
pectancy or comorbid conditions that would prohibit safe sur-
gical intervention.

Who should be considered for antireflux surgery? There
remain two clear indications. First, antireflux surgery should
be considered in patients who have failed intensive medical
therapy; with the advent of proton pump inhibitors, true med-
ical failures are unusual. Second, and more commonly, an-
tireflux surgery should be offered to patients whose symp-
toms recur immediately after stopping medications and thus
require long-term daily medication. Antireflux surgery effec-
tively relieves symptoms in 93% of patients, returning an in-
dividual’s quality of life to normal.42

What preoperative workup is necessary? At a minimum,
all patients being considered for surgery should undergo a
thorough history and physical exam, EGD, and esophageal
manometry.43

Esophageal manometry allows evaluation of the lower
esophageal sphincter and is diagnostic in differentiating GER
from achalasia. Equally important is its use in assessing
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FIGURE 16.7.  Management algorithm for treatment of complicated
gastroesophageal reflux (based on endoscopic findings). PPI, proton
pump inhibitor; GER, gastroesophageal reflux. (After Fennerty MB,
Castell D, Fendrick AM, et al. The diagnosis and treatment of gas-
troesophageal reflux disease in a managed care environment. Sug-
gested disease management guidelines. Arch Intern Med 1996;156:
477–484, with permission.)

FIGURE 16.6.  Management algorithm for treatment of uncompli-
cated gastroesophageal reflux (based on endoscopic findings). H2RA,
H2 receptor antagonist; PPI, proton pump inhibitor; GER, gastroe-
sophageal reflux. (After Fennerty MB, Castell D, Fendrick AM, et al.
The diagnosis and treatment of gastroesophageal reflux disease in a
managed care environment. Suggested disease management guide-
lines. Arch Intern Med 1996;156:477–484 with permission.)



esophageal body pressures and identifying individuals with
impaired esophageal clearance who may not do as well with
a 360° fundoplication. In those patients who have impaired
peristalsis, as evidenced by mean distal esophageal pressures
of 30 mmHg or less, or esophageal peristalsis in 60% or less
of wet swallows, many advocate modifying the surgical ap-
proach by performing a partial fundoplication (270° wrap).

What antireflux procedure should be performed? The
goal of antireflux surgery is to establish effective LES pres-
sure. To realize this goal, most surgeons believe it necessary
to position the LES within the abdomen where the sphincter
is under positive (intraabdominal) pressure and to close any
associated hiatal defect.44 To accomplish this, various safe
and effective surgical techniques have been developed.

The laparoscopic Nissen fundoplication has emerged as
the most widely accepted and applied antireflux opera-
tion.42,45–50 In many centers, it is the antireflux procedure of
choice in patients with normal esophageal body peristalsis.
Key elements of the procedure include the complete dissec-
tion of the esophageal hiatus and both crura, mobilization of
the gastric fundus by dividing the short gastric vessels, clo-
sure of the associated hiatal defect, creation of a tensionless
360° gastric wrap at the distal esophagus around a 50- to 60-
French intraesophageal dilator, limiting the length of the wrap
to 1.5 to 2.0 cm, and stabilizing the wrap to the esophagus
by partial thickness bites of the esophagus during creation of
the wrap.

Overall, 97% of patients undergoing this procedure are
satisfied with their results. 

The Toupet fundoplication is identical to the Nissen ex-
cept that the fundoplication is a 270° wrap rather than a 360°
wrap. The gastric fundus is brought posterior to the esopha-
gus and sutured to either side of the esophagus leaving the
anterior surface bare. This 270° fundoplication has the theo-
retical advantage of limiting postoperative bloating and dys-
phagia, especially in those with impaired esophageal body
peristalsis.

Barrett’s Esophagus

In 1950 Norman Barrett described the condition in which the
tubular esophagus becomes lined with metaplastic columnar
epithelium that is at risk for adenocarcinoma, rather than the 
normal squamous epithelium. Most recently, it has been rec-
ognized that the specialized intestinal metaplasia (not gastric-

type columnar changes) constitutes true Barrett’s esophagus,
with a risk of progression to dysplasia and adenocarcinoma.

This abnormality occurs in 7% to 10% of people with
GER and may represent the end stage of the natural history
of GER. Clearly, Barrett’s esophagus is associated with a more
profound mechanical deficiency of the LES, severe impair-
ment of esophageal body function, and marked esophageal
acid exposure.51 The endoscopic feature most strongly asso-
ciated with intestinal metaplasia is the finding of long seg-
ments of esophageal columnar lining, with more than 90%
of patients with greater than 3 cm of esophageal columnar
lining have intestinal metaplasia.

Endoscopically obvious Barrett’s esophagus with intesti-
nal metaplasia is a major risk factor for adenocarcinoma of
the esophagus, with the annual incidence of adenocarcinoma
in this condition estimated at approximately 0.8%, 40 times
higher than in the general population. Once high-grade dys-
plasia is identified in more than one biopsy from columnar-
lined esophagus, nearly 50% of patients already harbor a 
focus of invasive cancer. This frequency is the basis for rec-
ommending careful endoscopic surveillance in patients with
Barrett’s esophagus with intestinal metaplasia and esophagec-
tomy when high-grade dysplasia is identified.52,53

Treatment goals for patients with Barrett’s esophagus are
similar to those for patients with GER, that is, relief of symp-
toms and arrest of ongoing reflux-mediated epithelial dam-
age. Additionally, those with Barrett’s esophagus, regardless
of type of treatment (surgical or medical), require long-term
endoscopic surveillance with biopsy of columnar segments to
identify progressive metaplastic changes or progression to
dysplasia.54,55

Several studies have compared medical and surgical ther-
apy in patients with Barrett’s esophagus (Table 16.7). These
data support the notion that Barrett’s esophagus is associated
with more severe and refractory GER, and antireflux surgery
is effective at alleviating these symptoms in 75% to 92% of
patients.56,57 However, many patients are asymptomatic (per-
haps explaining why they have such advanced sequelae of
GER), and there is mounting evidence to suggest that an al-
kaline refluxate may be as damaging as acid reflux.58 For these
reasons, correction of the mechanically defective antireflux
barrier may be especially important in these patients. Al-
though symptom control in these patients suggests control of
ongoing damage, the ultimate goal in therapy is to change the
natural history in Barrett’s of progression to adenocarcinoma.
With this goal, several questions arise:
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TABLE 16.7.

Medical versus Surgical Treatment of Barrett’s Esophagus.

No. patients Symptom control Stricture/esophagitis

Author Medical Surgical Medical Surgical Medical Surgical

Attwood 199281 (p)a 26 19 22% 81% 38% 21%
Oritz 199682 (pr) 27 32 85% 89% 53%/45% 5%/15%
Sampliner 199483 (p) 27 — 70% — 50% —
Csendes 199884 (pr) — 152 — 46% — 64%

pr, prospective randomized; p, prospective; ret, retrospective.
aBefore availability of proton pump inhibitors.



(1) Does antireflux surgery result in regression of Barrett’s
epithelium? Operative therapy corrects the mechanically
defective antireflux barrier and therefore might be expected
to have a higher likelihood than medical therapy alone of in-
ducing regression of Barrett’s epithelium. However, current
evidence suggests that neither medical nor surgical therapy
result in regression of Barrett’s epithelium.59

(2) Does antireflux surgery prevent progression of meta-
plastic changes? There is growing evidence suggesting that
antireflux surgery may prevent progression of Barrett’s
changes and thereby protect against dysplasia and malignancy.

(3) Is there a role for antireflux surgery accompanied by
other therapies for metaplastic or dysplastic epithelium?
Combination therapy, that is, pharmacological or operative con-
trol of acid reflux plus endoscopic ablation of Barrett’s mucosa,
is having encouraging preliminary results.60,61 These early ex-
periences suggest that the ablated areas reepithelialize with
more normal squamous mucosa. Ablative therapies have in-
cluded laser ablation, photodynamic therapy, and cryotherapy.

Diaphragmatic Hernia

To complete its course from mouth to stomach, the esopha-
gus must traverse the diaphragm. The site of transit of the
esophagus from chest into the abdomen, the esophageal hia-
tus, is the site of a variety of defects (Fig. 16.8).

A type I hiatal hernia, also known as a sliding hiatal her-
nia, consists of a simple herniation of the gastroesophageal junc-
tion into the chest. The phrenoesophageal ligament is attenu-

ated and there is no true hernia sac. This, the most common
of the hiatal hernias, is more common in women and in the
fifth and sixth decades of life. With a type II hiatal hernia, com-
monly referred to as a paraesophageal hernia, the gastroesoph-
ageal junction remains at the esophageal hiatus while the gas-
tric fundus herniates alongside the esophagus into the chest.
The type III hiatal hernia is a combination of type I and type II
hernias, with the esophagogastric junction being displaced into
the chest along with the gastric fundus and body. Paraesoph-
ageal hernias (types II and III) have a true hernia sac accompa-
nying the herniated stomach. Finally, some have characterized
a type IV hernia as an advanced stage of paraesophageal hernia
in which the entire stomach and other intraabdominal content
(e.g., colon, spleen) are herniated into the chest, although use
of this fourth classification is not widely accepted.

Diagnosis

Most type I and III hiatal hernias are diagnosed incidentally dur-
ing a contrast upper GI or during upper endoscopy performed
for other reasons. Type II hernias can be similarly diagnosed,
but are also frequently found on a radiograph of the chest show-
ing an air–fluid level in the mediastinum or the left chest. 

When symptoms are present, sliding hernias have a differ-
ent presentation than paraesophageal hernias. Paraesophageal
hernias tend to produce more dysphagia, chest pain, bloating,
and respiratory problems than do sliding hernias. Symptoms as-
sociated with a sliding hernia are more often related to LES dys-
function and include heartburn, regurgitation, and dysphagia.

TREATMENT

Because hiatal hernia is a purely mechanical abnormality,
there is no nonoperative treatment. The risk of bleeding, in-
carceration, strangulation, perforation, and death with para-
esophageal hernias is such that when a type II or type III her-
nia is identified, operative repair should be performed.62 In
contrast, a significant number of patients with type I hiatal
hernias are asymptomatic, and remain so throughout the re-
mainder of their life. Therefore, the presence of a sliding hi-
atal hernia alone does not mandate intervention. 

Operative correction of esophageal hiatal hernia should
(1) return the herniated content to its anatomically correct
position below the diaphragm, (2) repair the hernia defect, and
(3) prevent recurrence while minimizing associated morbid-
ity. There are a number of proven operations that can be per-
formed through the chest or abdomen to accomplish these
goals. Questions remain regarding the need for an accompa-
nying antireflux procedure and the method of abdominal or
thoracic access.

Are hiatal hernia and gastroesophageal reflux associated?
Sliding hiatal hernia alone presently appears to be not
causative of GER, but the presence of a hiatal hernia in pa-
tients with GER magnifies this condition and its sequelae.

Should an antireflux procedure accompany all hiatal her-
nia repairs? Whether to include an antireflux procedure with
all hiatal hernia repairs remains controversial, especially when
dealing with a type II paraesophageal hernia. Because most
sliding type hernias are repaired on the basis of symptoms,
adding an antireflux procedure seems more straightforward 
because of the prevalence of reflux symptoms in type I and III
hernias. In contrast, most patients who have type II hernias
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FIGURE 16.8.  Classification of hiatal hernia.



do not have reflux symptoms, and an antireflux operation for
these patients may add little benefit to the outcome. Few stud-
ies have objectively evaluated addition of an antireflux proce-
dure to hiatal hernia repair, and there are limited data available
to definitively answer this question.

Should hiatal hernias be repaired laparoscopically?
Anecdotal data suggest that hernia recurrence is higher fol-
lowing laparoscopic repair than after traditional open hiatal
hernia repair. The proposed basis for this is the relative ab-
sence of intraabdominal adhesions that accompanies laparo-
scopic hernia repair as compared to open operations. These
anecdotal experiences need further investigation before any
conclusions regarding route of abdominal access for repair of
hiatal hernia can be made.

Tumors

The vast majority of esophageal tumors are malignant, with
less than 1% of neoplasms being benign. The majority of ma-
lignant esophageal tumors are either squamous cell carcino-
mas or adenocarcinomas.

Benign Tumors

Benign tumors of the esophagus are uncommon, with three
histological types accounting for 87% of benign esophageal
tumors (leiomyomas, cysts, and polyps). These three tumors
have distinct locations in the esophagus that reflect their cells
of origin. Polyps occur almost exclusively in the cervical
esophagus, while leiomyomas and cysts tend to occur in the
distal two-thirds of the esophagus.

LEIOMYOMAS

Leiomyomas constitute 50% of benign tumors of the esoph-
agus with an average patient age at presentation of 38 years,
in contrast to esophageal malignancy, which typically pre-
sents at a more advanced age. There is a distinct male pre-
dominance, and 90% of lesions are located in the lower two-
thirds of the esophagus. Leiomyomas are typical solitary,
although they can be multiple 3% to 10% of the time.

Most patients present with dysphagia and pain, but asymp-
tomatic lesions are increasingly being identified during imag-
ing studies for other reasons. Weight loss is uncommon, and
bleeding is rare. Barium swallow reveals the classic smooth,
oval-shaped filling defect of the esophageal lumen. Endoscopy
is necessary to rule out malignancy, and usually reveals a mass
protruding into the lumen with uninvolved overlying mucosa.

The natural history of leiomyomas suggests slow growth
and low malignant potential, but those that are symptomatic
or bothersome to the patient should be removed. Asympto-
matic leiomyomas can be observed with serial esophagograms
and follow-up. Operative removal involves simple enucleation
without entering the esophageal lumen, followed by recon-
struction of the outer esophageal wall.

CYSTS

Esophageal cysts are most commonly congenital and are lined
by columnar epithelium of the respiratory type, glandular ep-
ithelium of the gastric type, squamous epithelium, or transi-
tional epithelium. Enteric and bronchogenic cysts are the
most common.

The resulting symptoms are very similar to those of other
benign tumors of the esophagus, and the radiographic and en-
doscopic appearance is identical to leiomyoma. A softer, more
compressible lesion during endoscopy, and presence of fluid
within the mass found with ultrasound or CT scan, confirm
the diagnosis of esophageal cyst.

Treatment is similar to that for leiomyoma, with resec-
tion for large or symptomatic lesions. During removal, all the
cyst wall should be removed and a search for a fistulous tract
to the respiratory tract should be carried out, especially in pa-
tients who have had recurrent respiratory tract infections.

Malignant Esophageal Tumors

Esophageal cancer is among the top 10 leading causes of 
cancer-related deaths in the United States and its incidence is
increasing. Its late presentation and early spread lead to a poor
prognosis and an overall 5-year survival rate of less than 10%. 

Squamous cell carcinomas account for 60% of esophageal
cancers and are equally distributed among the upper, middle,
and lower thirds of the esophagus. The remaining 40% are
adenocarcinomas, which are most commonly found in the
lower third of the esophagus. Most adenocarcinomas are
thought to arise in columnar cell-lined Barrett’s mucosa.

Alcohol consumption and tobacco use are well-established
etiological factors for the development of esophageal carci-
noma. Additionally, premalignant esophageal abnormalities
include achalasia, reflux esophagitis with Barrett’s mucosa,
radiation esophagitis, caustic esophageal injury, Plummer–
Vinson syndrome, leukoplakia, esophageal diverticula, ec-
topic gastric mucosa, and the inherited condition of familial
keratosis palmaris et plantaris (tylosis).

DIAGNOSIS

The vast majority of esophageal carcinomas are clinically oc-
cult, and present well after disease progression prevents cure.
Common presenting symptoms are listed in Table 16.8.63

The initial study should be a barium swallow; this most
frequently reveals distinct mucosal irregularity, stricture, a
shelf in the lower esophagus, or rigidity. Upper esophageal
endoscopy allows visualization of the affected area and biopsy
to confirm the diagnosis.

STAGING

The stage of esophageal cancer is determined by the depth of
penetration of the primary tumor and the presence of lymph
node and distant organ metastasis (Table 16.9), and preoper-
ative staging determines the intent of subsequent treatment,
curative or palliative. Initial staging includes a careful phys-
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TABLE 16.8. Presenting Symptoms of Esophageal Carcinoma.

Symptom Incidence (%)

Dysphagia 87
Weight loss 71
Substernal or epigastric pain/burning 46
Vomiting or regurgitation 28
Aspiration pneumonia 14
Palpable cervical nodes 14
Hoarseness 7
Coughing and choking 3



ical examination looking for the sequelae of esophageal can-
cer (weight loss, supraclavicular adenopathy, pleural effusion,
etc.), routine blood tests, and CT scan of the chest and ab-
domen. Bronchoscopy is indicated for midesophageal tumors
because of their propensity to invade the trachea and left
mainstem bronchus. The more recent development of endo-
scopic ultrasonography (EUS) has improved staging by allow-
ing the depth of invasion into the esophageal wall to be 
accurately determined and surrounding lymph node involve-
ment to be identified and even biopsied. 

Beyond TNM staging, weight loss greater than 10% has
been shown to be associated with a significantly poorer out-
come in patients with operable esophageal cancer. Staging
groups patients into two groups: those with potentially cur-
able disease, and those with metastatic disease (disease out-
side of the local or regional area) in whom palliation is cur-
rently the only treatment option.

TREATMENT

Based on preoperative staging, treatment of esophageal can-
cer aims at either cure or effective palliation. To effect these
results, there are a variety of therapies available, with opti-
mal outcomes often utilizing a combination of therapies.
These options include surgery, irradiation, chemotherapy, or
a combination of these.

SURGERY

Surgery is the treatment of choice for small tumors confined
to the esophageal mucosa or submucosa. Surgical treatment
for resectable esophageal cancers results in 5% to 20% 5-year
survival rates and an operative mortality of 2% to 7%. Once
symptoms appear, most esophageal cancers have invaded ad-
jacent structures or spread to distant organs. In these cases
where significant obstructive symptoms exist, operative man-
agement often is the most effective means of relieving dys-
phagia and long-term palliation.

In all procedures, a laparotomy is done first to assess for
celiac nodal disease and to mobilize the gastric conduit for
esophageal replacement. In the subtotal thoracic esophagec-
tomy (the Ivor–Lewis esophagectomy), the esophagus is re-
sected through a right thoracotomy with an intrathoracic
esophagogastric anastomosis at the level of the azygous vein.
With the total thoracic esophagectomy, the esophagus is re-
sected into the neck and the gastric conduit is brought
through the chest, with a cervical esophagogastric anasto-
mosis completed in the neck through a left cervical neck in-
cision. A transhiatal esophagectomy (also known as blunt
esophagectomy) consists of resection of the intrathoracic
esophagus through the esophageal hiatus without an open
thoracotomy. The esophagus is dissected bluntly from both
the abdominal and cervical incisions and an esophagogastric
anastomosis is performed in the neck. The transhiatal
esophagectomy has the potential disadvantages of inadequate
resection, understaging of disease because of incomplete
lymph node resection, and risk of tracheobronchial or vascu-
lar injury. Advantages include the avoidance of a thoracotomy
and its associated respiratory compromise and complications.

No controlled clinical trials have directly compared these
various techniques, and few series have substantial data from
which to make conclusions regarding choosing any one of
these techniques over another (Table 16.10). In general, be-
cause esophageal cancer can have extensive and unpredictable
spread longitudinally, it seems prudent to perform total
esophagectomy, especially for those proximal- and middle-
third lesions. Distal small lesions may be approached through
the abdomen only, or resection for palliation alone can avoid
total esophagectomy and its associated morbidity.

IRRADIATION

There is substantial experience with external beam radiation
for esophageal carcinoma with appropriate doses (50–65 Gy).
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TABLE 16.9. AJCC TNM Definitions for Esophageal Cancer.

Primary Tumor (T) Regional Lymph Nodes (N) Distant Metastasis (M) Survival groupings

TX: Primary tumor cannot NX: Regional lymph nodes MX: Presence of distant metastasis Stage 0:
be assessed cannot be assessed cannot be assessed TisN0M0

5-year survival:
EXCELLENT

T0: No evidence of N0: No regional lymph node M0: No distant metastasis Stage I:
primary tumor metastasis T1N0M0

5-year survival: �50%
Tis: Carcinoma in situ N1: Regional lymph node M1: Distant metastasis Stage IIA:

metastasis T2N0M0; T3N0M0
5-year survival: 15%

T1: Tumor invades lamina Stage IIB:
propria or submucosa T1N1M0; T2N1M0

5-year survival: 10%
T2: Tumor invades Stage III:

muscularis propria T3N1M0; T4, any N,M0
5-year survival: �10%

T3: Tumor invades Stage IV:
adventitia Any T, any N, M1

5-year survival: rare
T4: Tumor invades

adjacent structures

Source: Used with the permission of the American Joint Committee on Cancer (AJCC), Chicago, IL. The original source for this material is the AJCC Cancer
Staging Manual, Sixth Edition (2002) published by Springer-Verlag New York, www.springer-ny.com. The above TNM classification will be implemented in
January 2003.



Cure is possible in selected cases. Most applications of ra-
diotherapy are for palliation, because radiation often fails to
control local disease, and relief of dysphagia is brief in dura-
tion, ranging from 3 to 6 months.

CHEMOTHERAPY

Chemotherapy (typically, platinum �5Fu) as a single modal-
ity has limited use, even in palliation. Only a few patients
realize a modest and short-lived response.

Esophageal Perforation/Injury

The most common cause of esophageal injury or perforation
is instrumentation of the esophagus during diagnostic or ther-
apeutic procedures. Esophageal injury may also result from
ingestion of a caustic substance (either accidental or inten-
tional), ingestion of a foreign body, profound retching, pro-
gression of disease (malignancy), or external trauma.

Perforation

DIAGNOSIS

Regardless of the cause, esophageal perforation is a true emer-
gency requiring immediate recognition and treatment. A high
index of suspicion, especially when an iatrogenic cause is sus-
pected, allows early diagnosis of esophageal perforation. Early
diagnosis is the key to obtaining the most favorable outcome
of treatment.

Abnormalities on chest radiography are variable and
should not be relied upon to diagnose esophageal perforation.
Air within the soft tissues of the mediastinum or neck in-
dicates perforation but fails to localize the site and mag-
nitude of perforation. The diagnosis is best made with a 
contrast esophagogram. Water-soluble contrast is initially ad-
ministered, followed by dilute barium if the initial swallow
fails to reveal a perforation.64 Barium provides much better
mucosal detail than water-soluble contrast, and the risk of
missing a perforation far outweighs the risks of barium ex-
travasation in the neck or mediastinum. If a perforation is
demonstrated with water-soluble contrast, barium is unnec-
essary and should be avoided. Chest CT may be helpful. The
risks of further injury or increased spillage and soiling mean

there is virtually no role for esophagoscopy in diagnosing
esophageal perforation.

TREATMENT

When esophageal perforation occurs intraoperatively, immedi-
ate primary closure should be performed, with drainage of the
operative field over closed suction drains. In this setting, out-
comes are excellent, with 98% survival and success.65–69 Oth-
erwise, immediate treatment is first aimed at minimizing bac-
terial and chemical contamination of the neck or mediastinum
and restoring intravascular volume. Oral intake is withheld,
and broad-spectrum intravenous antibiotics are given.

The best outcome is obtained when the perforation has
occurred less than 24 h previously and can be closed primar-
ily (80% to 90% survival). Critical to this success is the via-
bility of the tissue for closure, debridement of any necrotic
or stained tissue, and drainage of the field. Occasionally, cer-
vical esophageal perforations can be managed with drainage
alone, especially when the perforation is small, making in-
traoperative localization difficult or hazardous. When the per-
foration has been present more than 24 h, survival decreases
to less than 50%, regardless of whether the perforation is man-
aged by closure and drainage or by drainage alone.

In select circumstances, nonoperative management is ap-
propriate: (1) contrast esophagogram demonstrates a perfora-
tion that is contained within the mediastinum and drains well
back into the esophagus, (2) associated symptoms are mild,
and (3) there is no clinical evidence of sepsis.70 In this set-
ting, oral intake is withheld for 7 to 14 days, hyperalimenta-
tion is given, and gastric antisecretory medication is admin-
istered. Any decline in clinical course mandates immediate
operative management. Free perforation into the pleural cav-
ity contraindicates nonoperative management.

Injury

CAUSTIC INGESTION

Although acid is occasionally ingested, the immediate mu-
cosal burn with acids minimizes its ingestion. In contrast, al-
kalies result in a slower and delayed mucosal burn, allowing
ingestion of larger amounts of substance before pain prevents
swallowing.71
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TABLE 16.10. Comparison of Outcomes for Various Techniques of Esophagectomy for Cancer.

Author Technique Mortality (%) Survivala

Lanouis 198385 Lt. thoracotomy 26/147 (17.7) 6
Lanouis 198385 Rt. thoracotomy 10/58 (17.2) 14
Hankins 197286 Rt. thoracotomy 0/11 (0) —
Hankins 197286 Lt. thoracotomy 0/6 (0) —
Carey 197287 Rt. thoracotomy 0/37 (0) 13
Roth 199488 Rt. thoracotomy 1/34 (2.9) 9
Katlic 199089 Rt. thoracotomy 7/67 (10.4) 18
Putnam 199490 Rt. thoracotomy 10/134 (9.6) 24
Putnam 199490 Transhiatal 2/42 (4.8) 24
Orringer 198491 Transhiatal 6/100 (6) 17
Yonezawa 198492 Transhiatal 0/31 (0) —
aActuarial 5-year survival (months).



DIAGNOSIS

Because a history of caustic ingestion is usually known at ini-
tial presentation, diagnostic maneuvers center on assessing
the extent and magnitude of injury. Pain in the mouth and
sternal region, hypersalivation, odynophagia, and dysphagia
suggest ingestion rather than attempted ingestion. Contrast
esophagogram is not a reliable way to assess acute esophageal
injury, but is necessary in later follow-up to identify stric-
tures. Esophagogastroscopy is the single best maneuver when
performed early after presentation, allowing confirmation of
significant caustic ingestion and grading of the severity of the
injury.72

TREATMENT

Treatment must address both the immediate and long-term
consequences of caustic ingestion. The immediate treatment
focuses on fluid resuscitation and initiation of broad-spectrum
antibiotics.73 Early intubation may be necessary because loss
of the airway can rapidly develop after significant laryngeal
or epiglottic injury. Neutralization of the corrosive risks
causes exacerbation of the mucosal injury and should be
avoided. Emetics reexpose the esophagus to the corrosive
agent and are contraindicated, and nasogastric intubation is
not recommended because of the risk of perforating the fri-
able esophagus. During this acute phase, operative treatment
is based on endoscopic grading of injury and intraoperative
assessment of extent of injury and tissue viability. 

Once the acute phase has passed, management focuses on
prevention and treatment of strictures. Occasionally, optimal
management of strictures requires operative resection or
esophagoplasty. Operative intervention is indicated when (1)
there is complete stenosis in which all attempts have failed
to establish a lumen, (2) there is marked irregularity and pock-
eting on esophagogram, (3) severe periesophageal reaction or
mediastinitis develops with dilation, (4) a fistula forms, (5) a
lumen cannot be maintained with repeated dilation, or (6) the
patient is unable to undergo repeated dilation for a prolonged
period of time.74,75 The ideal conduit for esophageal replace-
ment, in order of preference, is (1) colon, (2) stomach, and 
(3) jejunum.

Mallory–Weiss

During vomiting, significant intragastric pressures are gener-
ated. Fortunately, the extragastric pressure usually equals in-
tragastric pressure, thereby minimizing the stretching of the
gastric wall. When there is a paraesophageal hernia and the
LES is fixed within the abdomen, these intragastric pressures
are transmitted to the supradiaphragmatic portion of the gas-
tric wall, resulting in a mucosal tear with subsequent bleed-
ing. Bleeding can be profuse and mimic a bleeding duodenal
ulcer or varices. A history of retching immediately before an
upper gastrointestinal bleed should raise the suspicion of a
Mallory–Weiss tear.76

Immediate esophagogastroscopy is usually diagnostic, show-
ing a proximal source of bleeding and no esophageal varices.77

Treatment is supportive with gastric lavage and decompres-
sion, maintenance of intravascular volume, and transfusion
to replace blood loss. Bleeding is usually self-limited. Rarely,
laparotomy is indicated for ongoing blood loss and hemody-
namic instability. At laparotomy, a gastrotomy and over-
sewing of mucosal tears arrests bleeding.

Miscellaneous

Schatzki’s Ring

Schatzki’s ring is a thin submucosal circumferential ring in
the lower esophagus at the squamocolumnar junction. It is
often associated with a hiatal hernia. The etiology of a
Schatzki’s ring remains unclear.

Clinical symptoms associated with Schatzki’s ring are
self-limited episodes of dysphagia during hurried ingestion of
dry and solid foods. The best treatment of Schatzki’s ring in
patients who do not have gastroesophageal reflux is dilation. 

Scleroderma

Scleroderma is a systemic collagen-vascular disease with 80%
of patients having some degree of esophageal involvement. In
the gastrointestinal tract, the predominant feature is smooth
muscle atrophy with resulting sphincter and motor dysfunc-
tion. Most commonly, the lower esophageal sphincter mech-
anism is weakened, and esophageal peristalsis in the smooth
muscle-lined distal esophagus is impaired. The result is re-
flux esophagitis with subsequent stricture formation and
esophageal shortening.

Heartburn and dysphagia are frequent presenting com-
plaints. Endoscopy confirms esophagitis, and esophageal
manometry typically shows preservation of the motor activ-
ity of the striated muscle-lined proximal esophagus, absence
of motor activity in the distal esophagus, and a hypotensive
lower esophageal sphincter. When planning management, a
gastric emptying study should be performed to assess the mag-
nitude of gastric dysfunction.

Medical treatment with antacids and prokinetics fre-
quently fails. An antireflux procedure may be the best
method to arrest reflux, but may eventually lead to worsen-
ing dysphagia as the disease progresses. Esophageal shorten-
ing requires a Collis esophageal lengthening accompanied by
an antireflux procedure. 

Plummer–Vinson Syndrome

This clinical syndrome is very uncommon and is character-
ized by dysphagia associated with atrophic oral mucosa,
spoon-shaped fingers with brittle nails, and chronic iron de-
ficiency anemia. It characteristically occurs in middle-aged
edentulous women, and is more common in Scandinavian
countries. Radiographic and endoscopic studies reveal a fi-
brous web just below the cricopharyngeus muscle as the cause
of their dysphagia.

Treatment of the dysphagia is dilation of the web. Care-
ful long-term follow-up is necessary because 100% of these
patients will eventually develop malignant lesions of the oral
mucosa, hypopharynx, and esophagus.
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Stomach 
and Duodenum

Edward H. Livingston

Anatomy

Gross Anatomy

The stomach lies in the left upper quadrant crossing the mid-
line at the pylorus. Proximally it is attached to the esopha-
gus and distally to the duodenum. The most proximal por-
tion of the stomach is the gastric cardia, which is a small area
just distal to the gastroesophageal junction. Mucus gland cells
populate this area. The largest portion of the stomach is the
corpus. It lies between the cardia and antrum, and in addi-
tion to mucous cells contains parietal and chief cells. The
parietal cells secrete acid and the chief cells make pepsin. The
surgical boundary between the corpus and antrum is the line
between the incisura along the lesser curve and the point
where the gastroepiploic artery enters the stomach along the
greater curve. The pylorus has strong muscles that contract
powerfully to pump food into the duodenum. Pyloric G-cells
secrete gastrin, a hormone of great importance for the regu-
lation of gastric acid secretion.

Blood Supply

The left gastric artery is a branch of the celiac axis and is the
largest artery supplying the stomach (Fig. 17.1). It courses
along the lesser curve of the stomach and is continuous with
the right gastric artery, a branch of the common hepatic
artery. The gastroduodenal artery gives off the right gas-
troepiploic artery, which courses along the greater curvature
of the stomach. The left gastroepiploic artery branches from
the splenic artery supplying the greater curvature of the fun-
dus. An anatomical misconception is that these two gas-
troepiploic arteries are contiguous. They are not, and the
point where the right gastroepiploic artery enters the greater
curvature marks the border between the fundus and antrum
in that location. The superior aspect of the duodenum is sup-
plied by the superior pancreaticoduodenal artery, a branch of

the gastroduodenal artery. The inferior duodenum is supplied
by the inferior pancreaticoduodenal artery, a branch of the su-
perior mesenteric artery. Both the stomach and duodenum
have extensive submucosal channels that ensure a rich blood
supply to the mucosa. This rich vascular submucosal plexus
ensures an adequate blood supply for the stomach even if only
one of the four major vessels is intact. Additionally, the gas-
troduodenal artery receives blood from the superior mesen-
teric artery such that the gastric vasculature receives blood
from two of the major aortic branches. The venous drainage
of the stomach is via the coronary, gastroepiploic, and splenic
veins that drain into the portal vein. Lymph channels drain-
ing the stomach parallel the arterial supply, having major
nodal collections at the celiac axis and superior mesenteric
artery.

Nerve Supply

Knowledge of vagal anatomy is crucially important in gastric
surgery. There are two major vagal trunks that innervate the
stomach (see Fig. 17.1). The largest is the anterior vagus, which
is closely adherent to the intraabdominal esophagus slightly
left of the midline. This is a very large nerve, easily identified
during surgery. The posterior vagus resides slightly behind and
to the right of the intraabdominal esophagus. It is much
smaller than the anterior nerve. Placing one’s finger behind
the esophagus and feeling the thin cord of tissue behind the
esophagus identifies the nerve.

The anterior nerve is frequently referred to as the left
nerve and the posterior the right. During embryogenesis, the
stomach rotates 90° to the right such that the left branch be-
comes anterior and the right posterior. However, functionally
the anterior and posterior branches have fibers deriving from
both the true left and right nerves.

The nerve of Grassi is a branch of the posterior vagus that
innervates the fundus. Failure to divide this branch may re-
sult in ulcer recurrence following vagotomy. The crow’s foot
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is a tangle of nerves that branch from the main trunks at the
incisura which marks the border between the fundus and
antrum. The crow’s foot innervates the antrum and must be
spared when performing a highly selective vagotomy.

Sympathetic nerves emanate from the celiac ganglion and
follow the course of the arteries into the stomach. Although
important physiologically, they have little importance to
surgery of the stomach.

Physiology

Acid Secretion

Acid secretion occurs in the gastric corpus and fundus by the
parietal cells.1 These cells can secrete acid against a very large
concentration gradient by virtue of the ATP-expending pro-
ton pump. The maximal luminal acid concentration is 0.15
N. Thus, the pump is capable of concentrating acid more than
10 million times the concentration of hydrogen in blood. Acid
of this strength is highly corrosive and would disintegrate any
tissue in the body if it came into contact with it. However,
gastric epithelium has characteristic tight intercellular junc-
tions that not only facilitate protective function but also en-
able the concentration gradient to exist, in contradistinction
to the duodenum and small bowel, which are permeable and
easily absorb luminal substances. Additional protection of the
gastric surface is provided by luminal bicarbonate secretion
across the gastric epithelial layer. For each acid molecule gen-
erated by H-K-ATPase, a molecule of bicarbonate ion is 
created.

A thick, alkaline mucous gel lies immediately adjacent to
the gastric epithelium. This layer assists in protecting the gas-
tric epithelium against injury. Acid is secreted through pits
that transiently perforate the mucous layer, facilitating
movement of acid away from the gastric surface without acid-
ifying the mucous gel layer.2 Because the stomach is con-
stantly exposed to very high concentrations of acid, gastric
ulceration is unrelated to acid production. Loss of gastric ep-
ithelial protective mechanisms are primarily responsible for
gastric ulceration.

There are numerous signals for gastric acid secretion. The
vagus nerve is critically important. Vagal activation potently
stimulates acid secretion by several mechanisms. The vagus
enters the gastric wall closely approximating arterial perfo-

rators and has end terminals in the myenteric plexus. Vagal
fibers activate myenteric plexus interneurons that in turn re-
lease acetylcholine in the immediate vicinity of parietal cells.
Cholinergic stimulation results in increased parietal cell in-
tracellular calcium, which leads to acid secretion (Fig. 17.2).
The vagus also stimulates antral interneurons to release gas-
trin-releasing peptide (GRP or bombesin); GRP stimulates
antral G-cell release of gastrin into the bloodstream. This hor-
mone circulates until it reaches the parietal cells, stimulat-
ing them to secrete acid. Both vagal simulation and gastrin
cause gastric mucosal mast cells to release histamine imme-
diately adjacent to the parietal cells. Histamine is a very po-
tent stimulus for acid secretion. Gastrin is also released when
the antral surface pH falls below 3.0. From a surgical stand-
point, division of the vagus is highly effective in reducing acid
secretion because it simultaneously reduces all three acid se-
cretory stimulatory systems. However, gastrin can still be 
secreted in the absence of vagus activity, which is why both
vagotomy and antrectomy, that removes the antral G-cell
mass, are needed to ensure that acid secretion is eliminated
when operating for peptic ulcer disease.

Gastric parietal cells have receptors to acetylcholine, gas-
trin, and histamine. Histamine is probably the most im-
portant receptor because its inhibition results in marked 
reduction in acid secretion. However, the other receptors play
a role because acid secretion cannot be totally suppressed 
by histamine inhibition. Proton pump inhibitors com-
pletely block acid secretion, making them very potent med-
ications for the treatment of peptic disorders. Prostaglandins
inhibit acid secretion by reducing adenylate cyclase activity
(Fig. 17.2).

Motility

Contractile activity of the GI tract initiates in the stomach.
The gastric pacemaker is located along the greater curve in
the upper third of the stomach. This pacemaker cycles at 3
cycles per minute. Not all pacemaker activity is translated to
muscular contractions. The migrating motor complexes are
complexes of muscular contractions that are highly coordi-
nated and sweep down the GI tract during fasting. These pow-
erful contractions serve as the “housekeeper” of the gut, clear-
ing the luminal contents between feedings. Contractions
associated with feeding are less powerful but more numer-
ous, and the period of contractile activity is prolonged.
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Left vagus n.
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Left gastroepiploic a.
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Right vagus n.
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FIGURE 17.1.  Neurovascular supply of the stomach. The
stomach is richly vascularized by a highly redundant blood
supply. Based on the celiac axis, the left and right gastric
arteries supply the lesser curvature. The gastroepiploics
supply the greater curvature. The gastroduodenal artery
passes immediately behind the duodenum and may result
in formidable bleeding should a duodenal ulcer perforate
it. The lymphatics follow the arterial blood supply. The
left (anterior) and right (posterior) vagi are depicted.



As is the case with acid secretion, the vagus nerve plays
a crucial role in regulating gut contractile activity. As food
enters the stomach, the fundus gradually stretches. This “re-
ceptive relaxation” is mediated by the vagus. Vagotomy abol-
ishes this mechanism, contributing to the dumping syndrome
(see below).

The antrum is a powerful pump that drives the gastric
contents against the pylorus, serving to pump out small
amounts of gastric material into the duodenum. Particles
greater than 1 mm in size reflect back into the pylorus until
they are mashed into a smaller size by the antral contrac-
tions. The vagus mediates this activity.

Peptic Ulcer

Duodenal Ulcer

Duodenal ulceration principally results from increased acid
load in the duodenum. Consequently, the mainstay therapy is
acid reduction. Antacids provide transient symptomatic relief
but fail to definitively treat ulcers. A major therapeutic ad-

vance for duodenal ulcer treatment was the advent of hista-
mine-II (H2) receptor antagonists. As discussed for acid secre-
tion, histamine receptor antagonism at the parietal cell results
in profoundly reduced acid secretion. Mast cell histamine re-
lease in response to both vagal simulation and gastrin poten-
tiates histamine effect on acid secretion. Consequently, hist-
amine blockade substantially reduces acid secretion. Thus,
H2-blockers have been highly effective in controlling the
symptoms of duodenal ulcer and accelerating ulcer healing.3,4

Proton pump inhibitors (PPI) are more effective than H2-
blockers in treating duodenal ulcers and accelerating healing.5

Because there are multiple signals that can initiate parietal
cell acid secretion, H2-blockers cannot completely eliminate
acid secretion. PPIs act to block the proton pump and, there-
fore, can totally stop acid secretion. The greater degree of acid
secretion inhibition results in highly effective pain control,
improved ulcer healing, and lower recurrence rates than for
ulcers treated with H2-blockers.

Ulcer operations are now uncommon and are limited pri-
marily to the treatment of life-threatening complications
such as bleeding, perforation, and obstruction. 

Prepyloric and pyloric channel ulcers resemble duodenal
ulceration, all resulting from excessive acid secretion. Al-
though technically located in the stomach, these lesions are
treated identically to duodenal ulcers.

PERFORATION

Deep, penetrating ulcers on the anterior duodenal surface may
perforate into the abdominal cavity. Lesions on the posterior
surface penetrate into the pancreas and present as bleeding
lesions rather than free perforations. During the past decade,
a slightly increased peptic ulcer incidence has been attributed
to widespread use of nonsteroidal antiinflammatory drugs
(NSAIDs). These agents damage the gastroduodenal barrier by
a variety of mechanisms. NSAID use invariably results in pep-
tic ulcers.

Gastroduodenal ulcer perforations have two major pre-
sentations. Young patients present with acute onset of severe,
intolerable abdominal pain. Generally, patients can precisely
identify the exact time the pain began because of the sudden
onset and its severe intensity. The pain is unremitting and
exacerbated by any movement. Nausea and vomiting may be
present. Abdominal wall rigidity with diffuse tenderness can
be expected. Posterior perforations present with substantial
bleeding and not very much pain. Posterior perforations in-
duce pancreatitis, manifested by acute abdominal pain. Ele-
vated amylase occurs with both anterior and posterior perfo-
rations and, therefore, is not reliable for the differentiation
between these two. Free air is common with anterior perfo-
rations, but may be absent in as many as 20% of cases. Thus,
the absence of free air does not reliably exclude a duodenal
perforation. When the suspicion is high for duodenal perfo-
ration, the best approach is immediate exploration. 

Chronically ill, elderly patients have a more subtle pre-
sentation. Abdominal pain is vague and poorly localized. The
pain may develop over the course of days to weeks. Patients
typically present with fever and leukocytosis, the etiology of
which is very difficult to discern. Free air in the peritoneum
is unusual, and CT scanning of the abdomen often makes the
diagnosis.
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FIGURE 17.2.  Parietal cell molecular signals regulating acid secre-
tion. Both acetylcholine and gastrin bind to receptors on the basal
surface of the parietal cell, raising intracellular calcium levels. The
higher calcium stimulates protein kinase, which in turn activates the
proton pump. Histamine binds its receptor, resulting in increased
adenylate cyclase activity. The higher cAMP levels stimulate protein
kinase, which causes increased proton pump activity. Prostaglandins
act to inhibit acid secretion by adenylate cyclase inhibition.



TREATMENT

Because of the extensive peritonitis, patients require vigorous
resuscitation. A vertical midline incision is made. Typically
one finds a pinpoint hole on the anterior surface of the duode-
num, pylorus, or distal antrum. Extensive inflammation of the
duodenal or gastric wall adjacent to the perforation makes sim-
ple closure unreliable. For this reason the omentum is sutured
over the closure to reinforce it, a procedure known as the Gra-
ham patch. Patients who have had a prior ulcer history should
have a definitive antiulcer operation such as a highly selective
vagotomy or truncal vagotomy and pyloroplasty, provided that
there is little peritonitis. If extensive peritonitis is found, only
the patch procedure may be performed. Patients without an ul-
cer history can undergo the patch procedure alone. However,
longitudinal studies have demonstrated that recurrence rates
following patch alone might be very high even in patients with-
out prior history. Thus, because of its low morbidity, highly
selective vagotomy can be advocated for all patients who pre-
sent with perforation and do not have extensive peritonitis.

Gastric Ulcer

Gastric ulcers differ from duodenal lesions in that they result
more from a defect in mucosal defense rather than acid hy-
persecretion. Acid worsens gastric ulcers but is not required
for their development because ulcers occur in achlorhydric
patients. Consequently, acid-blocking agents are less effective
for the treatment of gastric than duodenal ulcers. Gastric ul-
cers develop along the lesser curve (type I ulcers) or high on
the lesser curve below the gastroesophageal junction (type IV
ulcers). Exceptions to this general concept are the midbody
gastric ulcers (type II) that coexist with duodenal lesions and
prepyloric channel ulcers (type III). In contrast to type I and
IV lesions, type II and III ulcers result from acid-induced ep-
ithelial injury and are treated similarly to duodenal ulcers.

Malignant gastric ulcerations are indistinguishable from
benign ones. For this reason, all gastric ulcers must be biop-
sied. Following biopsy, if the lesion is confirmed to be benign,
gastric ulcers should be treated with a course of mucosal pro-
tective agents such as sucralfate. Although hyperacidity is
usually not the cause of gastric ulcers, a trial of proton pump
inhibitors should be given before consideration of aggressive
resectional therapy. The first line of therapy is removal of ul-
cerogenic conditions such as use of NSAIDs, corticosteroids,
and tobacco. Giant gastric ulcers are those greater than 5 cm
in diameter. These rarely respond to conservative treatment
and present a high risk for complications of perforations or
bleeding. In general, these should be resected but if treated
nonoperatively the patient must be closely monitored.

Surgical treatment for gastric ulcers involves wedge re-
section of the lesion. This treatment is the same irrespective
of the indications, that is, whether the operation is performed
for a nonhealing lesion, perforation, or bleeding. For perfora-
tions, resection is preferred but if this is not technically pos-
sible or the risk is too high, the perforation can be patched6

but must be biopsied because of the risk of gastric carcinoma.

Helicobacter pylori

H. pylori is a microaerophilic gram-negative rod well adapted
for growth in the gastric acidic environment. Infection occurs
by the fecal–oral route such that contaminated water is a ma-

jor source for the organism. The organism swims freely in the
gastric mucus, secreting urease that catalyzes ammonia syn-
thesis. The ammonia protects the bacteria from acid-induced
injury but also is damaging to the gastric epithelium, result-
ing in gastritis.

Acute H. pylori infection is manifested by nausea, vom-
iting, abdominal pain, and fever lasting 3 to 14 days. Several
weeks following the initial infection, gastritis results in
achlorhydria that may persist for several months.7,8 Chronic
infection is often asymptomatic. Gastric and duodenal ulcer
disease have been attributed to H. pylori because 95% of pa-
tients with duodenal and 50% to 80% with gastric ulcers have
this organism. Eradication is associated with fewer relapses,9

but recurrences continue to occur despite eradication of the
organism.10 Nonulcer dyspepsia is not related to H. pylori,
and eradication under these circumstances resulted in delayed
healing of gastric ulcers.11

NSAID-Induced Ulcerations

The widespread use of NSAIDs has resulted in an increase in
the incidence of ulcer disease. Bleeding and perforation are
more common now than a decade ago. Gastric epithelium
contains cyclooxygenase-1 (COX-1), an enzyme essential for
prostaglandin synthesis. Prostaglandins preserve gastric mu-
cosal blood flow,12 and increase mucus production13 and bi-
carbonate secretion.14 Each of these is essential for main-
taining gastric epithelial protective systems. NSAIDs act by
inhibiting COX. NSAID ulcerations do improve with antacid
therapy such that patients requiring long-term NSAID use
should receive concurrent H2-blockers or PPIs.

Operations for Peptic Ulcer Disease

Exposure

Exposure for the stomach is best achieved through an upper
midline incision. The Bookwalter retractor provides excellent
exposure for the left upper quadrant. Placement of the patient
in steep reverse Trendelenburg position assists in retracting
the small bowel away from the field.

Placement of a nasogastric tube facilitates identification
of the esophagus, although recent meta-analyses of all pub-
lished trials revealed that nasogastric tubes were not neces-
sary and caused significant complications.

Parietal Cell Vagotomy

The parietal cell vagotomy, also known as the highly selec-
tive vagotomy, was devised to minimize the side effects of
acid reduction operations. The operation “selects” the nerves
to the parietal cell mass of the gastric fundus and body. In-
nervation to the antrum, pylorus, and remaining gastroin-
testinal tract is spared. The operation is performed by devas-
cularizing the gastric lesser curve. The distal 5 cm of
esophagus should be mobilized and also devascularized to en-
sure that small vagal branches traveling along the esophagus
are divided as is the “criminal nerve of Grassi.” It is impor-
tant not to divide branches of the crow’s foot that supply the
antrum and pylorus to ensure that gastric emptying is pre-
served following this operation. 
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Obstructing ulcers should not be treated by parietal cell
vagotomy. Because operative relief of obstruction is required,
patients with obstruction should undergo vagotomy and
antrectomy. The most common indication for parietal cell
vagotomy is peptic ulcer perforation, although it may be used
in stable, bleeding patients or in those with intractable ulcer
disease. This operation does not have the side effects of diar-
rhea or dumping associated with truncal vagotomy procedures.
Gastric emptying is not affected by parietal cell vagotomy.15

Vagotomy and Pyloroplasty

For many years, this operation was considered a second choice
after vagotomy and antrectomy because of a 10% to 15% re-
currence rate. Improved management of recurrences make
this less of a problem so that vagotomy and pyloroplasty is
probably the best procedure to perform in emergency cir-
cumstances. 

Dividing the main vagus branch anterior to the esopha-
gus is the first step when performing a truncal vagotomy. The
cut nerve ends are ligated. The posterior nerve is more diffi-
cult to find lying posterior, to the right and somewhat re-
moved from the esophageal surface. That nerve is divided in
the same manner as with the anterior nerve. Failure to com-
pletely divide the posterior vagus probably is the main rea-
son truncal vagotomy without antrectomy results in a high
ulcer recurrence rate.

If not already made, a full-thickness incision is made in
the pylorus, extending 2 cm into the antrum and 1 cm into
the duodenum. The incision is closed by approximating the
proximal and distal ends of the incision together in what is
now the middle of the closure. Dumping syndrome and diar-
rhea are the main long-term complications of vagotomy and
pyloroplasty.

Vagotomy and Antrectomy

Vagotomy and antrectomy eliminate two of the three major
stimuli for acid secretion. Acetylcholine from the vagus nerve
and gastrin from the antrum are eliminated, making this a
very effective procedure for the treatment of peptic ulcera-
tion of the prepyloric region and duodenum. When pyloric ul-
cers or obstructing lesions are present, vagotomy and antrec-
tomy is the operation of choice. This operation has the most
consistent results, with recurrence rates invariably being less
than 2%. However, it has the highest complication rate and
the most significant long-term side effects.

Truncal vagotomy as just described in “Vagotomy and Py-
loroplasty” is performed. The antrum is divided along a line
connecting the incisura to the point along the greater curva-
ture where the gastroepiploic artery enters the stomach
(Fig. 17.3A). The duodenum is resected approximately 1 cm
distal to the pylorus. Because scarring may have distorted the
anatomy, a frozen section of the distal margin of the resected
specimen is useful to ensure that the antrum has been com-
pletely resected. 

There are two major reconstructive options following
antrectomy. The Billroth I involves anastomosing the duo-
denum to the gastric remnant (Fig. 17.3B). This method has
the major advantage of avoiding the presence of a duodenal
stump or the afferent limb of a gastrojejunostomy. The oper-
ation has greater long-term morbidity than the Billroth II from

alkaline reflux. The Billroth II is performed by closing the
duodenum as a stump and anastomosing a loop of jejunum
to the gastric remnant (Fig. 17.3C). The duodenal stump is at
risk for perforation with subsequent duodenal stump leak, a
complication associated with 50% mortality. The risk of this
complication is minimized by providing adequate decom-
pression of the duodenum by placing a nasogastric tube into
the duodenum through the gastrojejunostomy.16

Laparoscopic Vagotomy

Laparoscopic vagotomy techniques have received increasing
acceptance. The reduced morbidity associated with large
incisions is advantageous. A modification of the highly se-
lective vagotomy is performed.

Complications of Ulcer Operations

JAUNDICE

This complication can be a vexing problem in the postoper-
ative phase. Most patients undergoing emergent gastric
surgery for bleeding have had multiple blood transfusions as
well as periods of shock. Thus, jaundice may be from trans-
fusion reaction or hepatic dysfunction. The most worrisome
and difficult problem to evaluate is bile duct injury occurring
following suture ligation of a posterior duodenal lesion or fol-
lowing antrectomy.

Differentiating the bilirubin into conjugated and uncon-
jugated fractions is usually not helpful. Other tests such as
the Coomb’s test and red cell smear for hemolytic reactions 
or ultrasound for bile duct obstruction will establish the 
diagnosis.

If bile duct injury is suspected and the patient has had a
Billroth I reconstruction, ERCP should be performed. Gener-
ally this can be done 1 week following surgery. For patients
with Billroth II reconstruction, the evaluation is more diffi-
cult. An ultrasound should be performed looking for bile duct
dilation. However, this may take a week to occur. When the
bile duct in dilated, transhepatic cholangiography should be
performed with the catheter left in place. If drainage is
achieved from above, then bile duct reconstructive surgery
may be delayed several months until inflammation of the up-
per quadrants and bowel have subsided such that a recon-
struction is technically feasible. If bile duct injury is suspected
during the ulcer operation, a cholangiogram should be ob-
tained during the operation through the cystic duct follow-
ing cholecystectomy or through a needle inserted into the bile
duct. Failure of the contrast to enter the duodenum confirms
bile duct injury such that the bile duct can be reconstructed
during the initial operation.

REBLEEDING

Ongoing bleeding immediately following surgery generally
occurs because an ulcer was oversewn without addition of an
antiulcer operation. Prospective trials of differing ulcer oper-
ations have demonstrated that gastric resection was superior
to vagotomy and oversew of the ulcer in preventing rebleed-
ing.17 When bleeding occurs following vagotomy and pyloro-
plasty, the patient should be returned to the operating room
for conversion to a vagotomy and antrectomy.
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DELAYED GASTRIC EMPTYING

Gastroparesis following gastric surgery is common. Patients
should be treated with nasogastric suction if they are vomit-
ing or experiencing severe nausea, but the tube should be re-
moved as soon as possible and bowel rest continued until nau-
sea resolves. Total parental nutrition should be initiated as
soon as possible. When food is resumed it should be in the
form of liquids that contain minimal sugar; sugar will elicit
the dumping syndrome, which can be especially severe dur-
ing the immediate postoperative period. The patient should
remain on liquids for 2 to 3 weeks following initiation of the
diet because gastric emptying for solids is severely compro-
mised following vagotomy. Once begun, solids should be only
slowly introduced.

Gastroparesis may be an early sign of an anastomotic leak
or intraabdominal abscess. A variety of electrolyte disorders
may result in gastroparesis such that electrolytes, calcium,
and magnesium levels should be checked and corrected if ab-
normal. If gastrograffin studies suggest anastomotic stricture,
nasogastric decompression should be continued for a week

following the initial surgery. If the nasogastric output remains
high, suggestive of continued obstruction, endoscopy should
be performed with the intent to dilate the anastomosis. Pro-
kinetic agents are often tried, but clinical outcomes from
these agents are discouraging.

ANASTOMOTIC LEAKS AND ABSCESSES

Gastrograffin upper GI studies are helpful for identifying anas-
tomotic leaks or strictures. Computed tomography scans may
diagnose abscesses, which generally will not be visualized on
CT scans until at least a week after surgery. Once an abscess
or fluid collection associated with a leaking anastomosis is
identified, percutaneous drainage should be performed. Fail-
ure to improve clinically after percutaneous drainage man-
dates laparotomy with placement of large sump drains into
areas of fluid collections.

DUODENAL STUMP DISRUPTION

This complication occurs following Billroth II reconstruction
of an antrectomy. Oftentimes the duodenum is scarred, mak-
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FIGURE 17.3.  Vagotomy and antrectomy. A. The vagal
trunks are identified and divided. The stomach is resected
along a line from just above the incisura to the point along
the greater curvature where the gastroepiploic vessels disap-
pear or are at their closest approximation to the gastric wall.
The duodenum is divided approximately 2 cm distal to the
pylorus. B. The Billroth I reconstruction entails creation of a
gastroduodenostomy. C. The Billroth II reconstruction is ac-
complished by closing the duodenal stump and the gastric
remnant. The stomach is anastomosed to a loop of jejunum.
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ing secure closure difficult. Additionally, obstruction of the
afferent jejunal limb may blow out the stump. This compli-
cation may be prevented by duodenal decompression with a
nasogastric tube placed through the gastrojejunostomy.16

When the duodenal stump closure is questionable, placement
of a left upper quadrant drain is indicated. Presentation,
workup, and management are similar to that for anastamotic
leak. Tube duodenostomy for fistula control may sometimes
be necessary.

RECURRENT ULCERATION

Ulcer recurrence is not common but may occur. When re-
currence occurs, treatment with H2-blockers or proton pump
inhibitors is often adequate. If medical therapy fails, then con-
version to vagotomy and antrectomy is indicated. 

Recurrent ulcers caused by excessive acid secretion may
be due to excessive gastrin; this may result from retained
antrum in the duodenal closure or from a gastrinoma. Ele-
vated gastrin levels suggest these diagnoses. 

DUMPING SYNDROME

Dumping syndrome is manifested by abdominal pain, ver-
tigo, hypotension, and tachycardia. The syndrome occurs in
any patient who has had a pyloroplasty or gastrojejunostomy.
Rapid entry of food into the small bowel is clearly related to
the underlying dumping syndrome pathogenesis, but under-
lying mechanism for this syndrome remains unknown.

Patients are very sensitive to carbohydrate ingestion fol-
lowing creation of any gastrojejunostomy. The most useful
intervention is intense dietary counseling. Only rarely will
dumping remain problematic for patients if they comply with
dietary advice. Surgical interventions for dumping have had
discouraging results.

ALKALINE REFLUX/POSTVAGOTOMY GASTROPARESIS

The presentation of these two entities differs only by the pres-
ence of gastritis on biopsy present in alkaline reflux gastritis
and delayed emptying seen with radionuclide scanning in
postvagotomy gastroparesis. Because revisional gastric surgery
is technically difficult and incurs significant morbidity, it 
is generally best to resect the gastric remnant and create a
Roux-en-Y gastrojejunostomy in patients with either of these
syndromes.

POSTVAGOTOMY DIARRHEA

Watery diarrhea occurring approximately 30 min following
eating may occur following vagotomy. The cause for this is
unknown, and fortunately this is a self-limiting problem for
most patients that resolves spontaneously. For patients with
persistent symptoms, conventional antidiarrheal agents
should be administered. This problem should be treated
symptomatically and the various operations described for its
treatment should be avoided.

PERNICIOUS ANEMIA

This disorder occurs following gastric resection. Intrinsic fac-
tor secreted by the parietal cells is required for vitamin B12

absorption. Intrinsic factor binds vitamin B12 so that the com-
plex may be absorbed in the ileum. Very little unbound B12

is absorbed. Vitamin B12 injection should be given periodi-
cally to these patients. Patients also require iron supplemen-
tation following ulcer surgery to avoid anemia.

Upper Gastrointestinal Tract Hemorrhage

Peptic Ulcer Bleeding

Bleeding from peptic ulcer disease occurs frequently and is
generally a self-limited process. Advances in endoscopic ther-
apy have made surgery for this problem uncommon. Patients
usually present with melena or, if the bleeding is severe
enough, hematemesis will be present.

Patients who have evidence for massive blood loss should
be immediately resuscitated. The airway is assessed to en-
sure there is no obstruction, and oxygen administration is re-
quired for all patients. Obtunded patients, those who cannot
protect their airway, or those with massive emesis that pre-
sents an aspiration risk should be endotracheally intubated.
Large-bore intravenous access with 18 gauge or larger
catheters should be placed. A nasogastric tube should be
placed. The nasogastric tube should be lavaged until clear. Fo-
ley catheter placement and administration of large volumes
of intravenous fluids are essential. Normal saline or Ringer’s
lactate are the fluids of choice. Patients presenting with mas-
sive hemorrhage are given O negative or type-specific blood
until cross-matched blood is available.18 The mortality for
upper gastrointestinal hemorrhage is approximately 10%.

Endoscopy is essential for managing patients with upper
gastrointestinal tract hemorrhage. Only 10% to 20% of pa-
tients presenting with upper GI bleeding have peptic ulcers
as the cause for the bleed. Other sources for GI bleeding in-
clude varices, esophagitis, Dieulafoy’s lesions, Mallory–Weiss
tears, and gastritis. Most of these are nonsurgical entities and
are diagnosed by endoscopy.

The National Institutes of Health convened a consensus
conference examining the role of endoscopy for upper gas-
trointestinal hemorrhage.19 The panel assessed clinical fea-
tures predicting the need for intervention because of contin-
ued bleeding. Table 17.1 summarized these features.

Although 60% to 70% of all patients presenting with gas-
trointestinal bleeding will stop bleeding spontaneously, those
presenting with the clinical scenarios listed in Table 17.1
should be considered for endoscopic therapy. Of the therapies
available, the heater probe and bipolar electrocoagulation de-
vice are the most useful. 
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TABLE 17.1. Predictors of Peptic Ulcer Rebleeding.

Magnitude of bleeding
Hemodynamic instability
Bloody emesis or nasogastric lavage that fails to clear
Blood-red stools

Host factors
Anticoagulated patient
Patient hospitalized for a related or unrelated condition

Endoscopic features
Visible vessel
Arterial spurting or oozing
Raised pigmented discoloration on ulcer base
Adherent clot on ulcer base

Source: Anonymous (1989).19



Once bleeding has been controlled, the need for subse-
quent therapy has not been clearly established. Consideration
must be given to the facilities available as well as to the skills
of the surgeons and endoscopists in managing bleeding ulcers.

Surgery must be considered when endoscopic treatment
has failed or is impractical. In general, when a patient has re-
quired more than six units of blood to be transfused they
should be considered for surgery. When surgery is performed,
the preferred operations are the vagotomy and antrectomy or
the vagotomy and pyloroplasty. Endoscopic localization of the
bleeding lesion is helpful before exploration. 

Infrequently, patients present with continued blood loss
whose surgical risk for morbidity or mortality are excessive.
These patients may be considered for angiographic em-
bolization. Angiographic techniques may control the bleed-
ing, but the risk of necrosis at the embolization site is high.
This complication will almost certainly result in mortality
and must be considered before this approach is taken.

Mallory–Weiss Syndrome

Mallory–Weiss tears of the proximal stomach commonly oc-
cur following emesis. Classically associated with alcoholics,20

the syndrome is manifested by hematemesis that follows
episodes of intense vomiting.21 More recently the syndrome
has been observed following endoscopy, childbirth, coughing,
and cardiopulmonary resuscitation. The diagnosis is suggested
by a history of vomiting before the onset of the hematemesis.
Endoscopy reveals liner tears below the gastroesophageal junc-
tion, occasionally extending proximally into the esophagus.
Initial management includes resuscitation and correction of
any coagulopathy. Bleeding is usually self-limited.22–25 En-
doscopic sclerotherapy of the bleeding vessel is effective.26

Rarely is surgical intervention required. If so, an anterior gas-
tronomy is made and the tear oversewn.

Gastric Outlet Obstruction

Gastric outlet obstruction is manifest by nausea and vomit-
ing. Generally, it develops over weeks to months but occa-
sionally an acute obstruction develops from a pyloric chan-
nel ulcer. The patient must be treated by nasogastric suction
with vigorous fluid resuscitation. Often patients will have
hypochloremic, hypokalemic metabolic alkalosis from chronic
vomiting. These patients require large volumes of intravenous
saline and potassium. Because this condition is often chronic,
malnutrition is frequently present. Malnutrition is the most
significant predictor of postoperative complications.27 Almost
all patients presenting with gastric outlet obstruction will re-
quire surgery; thus, to minimize the risk of complications to-
tal parenteral nutrition should be initiated. As an overall strat-
egy it is best to place a nasogastric tube when these patients
present, initiate fluid resuscitation, and begin TPN. Delaying
surgery for about a week is reasonable to allow the stomach
proximal to the obstruction to decompress and gastric wall
edema to subside. Operating acutely on an obstructed stom-
ach is technically difficult, secondary to edema and thicken-
ing of the gastric wall increasing the complication risk.

Peptic ulcer disease or carcinoma can cause gastric outlet
obstruction. Barium upper GI tests will demonstrate the ob-
struction. Endoscopy may be helpful for diagnostic purposes,
especially when a malignancy is visualized and biopsied. CT

scans may be helpful when malignancy is suspected to demon-
strate a mass distal to the obstruction or the presence of met-
astatic disease. Obstruction caused by peptic ulcer disease may
transiently respond to medical therapy; however, 92% of pa-
tients presenting this way will require surgery within 3 years
of initial diagnosis.28 These patients require vagotomy and
antrectomy. Patients with malignant obstruction always re-
quire resection. If metastatic disease is present, the resection
should be limited to removing enough stomach for palliative
purposes. In rare cases the tumor is confined to the gastric
antrum, in which case total gastrectomy is indicated. In cases
in which resection is not possible, a gastrojejunostomy can be
created to bypass the obstructed stomach.

Stress Ulcer

Gastroduodenal ulcers are generally associated with stress.
However, stress ulcers are a distinct clinical entity charac-
terized by superficial gastric fundic lesions having a tendency
to bleed but not perforate. In contrast, classical gastroduode-
nal ulcers are deep, penetrating all layers of the gastric or duo-
denal epithelium, which may result in bleeding, perforation,
or obstruction. Head injury, burns, shock, and sepsis are some
of the major diseases that result in stress ulceration. Apart
from stress, there is no common etiological mechanism to
explain why these lesions develop. Special variants occur,
such as the Curling ulcers, which are associated with burns
and are distributed along the entire GI tract. Singular, deep
duodenal or gastric ulcers associated with head trauma are
known as Cushings ulcers.

Pathophysiology

Stress ulcers are small, numerous lesions occurring in the su-
perficial gastric mucosa. Their major clinical consequence is
bleeding, which potentially compromises already very ill pa-
tients. The pathogenesis of these lesions remains unclear.
Like most gastric ulcers, the major defect appears to be in the
mucosal defense system. However, acid may play a role, the
extent of which remains unknown.

Prophylaxis and Treatment 
for Stress Ulcer Bleeding

The American Society of Hospital Pharmacists (ASHP) per-
formed an extensive analysis of the available clinical trials and
meta-analyses. They concluded that stress ulcer prophylaxis
should be administered to patients who will remain on a ven-
tilator for more than 48 h or any ICU patient with a coagu-
lopathy. Prophylaxis was also recommended for patients with
a history of gastrointestinal ulceration or bleeding within 1 year
before admission and in patients with at least two of the fol-
lowing risk factors: sepsis, ICU stay of more than 1 week, oc-
cult bleeding lasting 6 days or more, and use of high-dose cor-
ticosteroids (�250 mg/day of hydrocortisone or the equivalent).

A variety of special circumstances were considered with
recommendations for prophylaxis. ICU patients with a Glas-
gow Coma Score less than or equal to 10 (or the inability to
obey simple commands) or thermal injuries to more than 35%
of their BSA (body surface area) should be treated. Prophy-
laxis is beneficial for patients following partial hepatectomy
or in those with hepatic failure. Severely injured multiple
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trauma patients and spinal cord–injured patients also benefit
from stress ulcer prophylaxis. Organ transplant patients
should also be considered for prophylaxis. Patients not in
ICUs do not benefit from prophylaxis.29

The studies supporting these recommendations demon-
strated reduced clinically important bleeding with the use of
H2-blockers and sucralfate. Insufficient data exist showing the
efficacy of proton pump inhibitors or misoprostol. The major
complication of prophylaxis is pneumonia, but clinical data
fail to convincingly demonstrate this as a significant event. 

Gastric Carcinoma

The incidence of gastric carcinoma is declining, yet it remains
a significant disease because of a high mortality. The median
age of gastric cancer patients is 65 with 60% of cases in men
and 40% in women.

There are two major histological types of gastric cancer.
The intestinal histology consists of cell groupings organized
into glands. Grossly these lesions appear as ulcerations. 
Intestinal-type tumors occur most frequently in the distal
stomach. The decline in gastric cancer is attributable pri-
marily to fewer intestinal-type lesions. Cancer cells that have
no specific organization characterize the diffuse histology.
They tend to infiltrate the gastric wall forming a thickened
gastric wall but not a discrete mass. These lesions occur any-
where in the stomach but predominately occur at the cardia.
The incidence of diffuse tumors has been relatively constant
over the years. Diffuse lesions occur in younger patients and
are more clinically aggressive than intestinal-type lesions.30

Several gastric conditions appear to be associated with the
development of gastric cancer. Gastric atrophy or atrophic 
gastritis may result in intestinal metaplasia. Once present,
metaplastic tissue may progress to dysplastic and ultimately
carcinomatous histologies.31 There have been studies demon-
strating associations with H. pylori infection and gastric can-
cer32,33; however, the prevalence of H. pylori is very high and
most patients with this infection do not develop gastric car-
cinoma. Gastric polyps do present an increased risk for the de-
velopment of gastric carcinomas per se; however, as with any
other polyp, the risk is associated with the degree of dyspla-
sia in the polyp.34 An association between Menetrier’s disease
(hypertrophic gastropathy) and gastric carcinoma has been pro-
posed, but there are too few cases of these two entities coex-
isting to allow any conclusions to be drawn.35 Although per-
nicious anemia results in two- to threefold excess risk for the
development of gastric carcinoma,36 the reason for this asso-
ciation remains unknown. Achlorhydria resulting from acid
suppression has not led to increased cancer risk.37 Benign gas-
tric ulcers also do not result in increased cancer risk.38

The tumors can grow to considerable size before any
symptoms develop. For this reason, patients often present
with advanced-stage disease. Frequently, patients will present
with anorexia, early satiety, weight loss, or other vague symp-
toms. Not uncommonly, patients with the most minimal
symptoms will present with very large, metastatic tumors. A
review of 18,365 gastric cancer patients by the American Col-
lege of Surgeons revealed that weight loss and abdominal pain
were the most frequent presenting symptoms (Table 17.2).39

Gastric cancers bleed or obstruct, requiring operation for pal-
liation irrespective of curative intent. For this reason, exten-
sive preoperative evaluation is not necessary because the in-

traabdominal cavity can be assessed at the time of laparotomy.
Patients should be explored irrespective of the presence of
metastatic disease because of the need to palliate for ob-
struction or bleeding.

Approximately one-fourth of gastric carcinomas present as
an ulcerating lesion. The radiographic or gross appearance at
endoscopy or laparotomy is indistinguishable from a benign
gastric ulcer. For this reason, it is essential to biopsy all gas-
tric ulcers to ensure that a malignancy is not missed. Another
25% of lesions present as large polyps. Superficial spreading
carcinoma is an early lesion that is manifested by tumor con-
finement to the gastric mucosa and submucosa. These lesions
have a very favorable prognosis but only 15% of the tumors
present this way. Linitis plastica is a condition in which the
entire stomach is indurated secondary to a desmoplastic reac-
tion to the cancer. Linitis has a very poor prognosis and fortu-
nately only occurs in about 10% of gastric carcinoma cases.

Gastric remnant carcinoma is a clinical entity in which
cancer develops in the remaining stomach following gastric
resection. However, the specific risk of carcinoma develop-
ment in gastric remnants is low and only becomes slightly
significant more than 25 years following gastric resection.

Extent of Resection

Gastric carcinoma invades adjacent organs, spreads via lym-
phatics, and can metastasize by hematogenous spread. Before
surgery, patients should be examined for the presence of a
Virchow’s node. These nodes are in the left supraclavicular
fossa and represent spread of the cancer via the thoracic duct.
Physical exam findings suggestive of metastatic disease in-
clude a Sister Mary Joseph’s node (periumbilical nodule sug-
gestive of tumor of the peritoneal surface) and a Blumer’s shelf
(tumor mass in the cul-de-sac). Hematogenous spread of the
cancer to the liver occurs in 30% of patients. Gastric cancer
may also metastasize to the ovary, resulting in a Krukenberg
tumor. These lesions are easily identified at surgery. Less fre-
quently metastases are found in the lungs or brain, mandat-
ing chest radiography and head CT scanning before surgery.
A systematic approach for metastatic disease should be per-
formed. Identification of metastatic lesions preoperatively is
important because a planned curative resection will be down-
graded to a palliative one.

During surgery the tumor should be assessed for re-
sectability by ensuring that the cancer has not spread into the
adjacent pancreas, colon, or liver. Peritoneal metastases are ob-
vious and preclude any type of surgery. Knowledge of the ma-
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TABLE 17.2. Presenting Symptoms for 18,265 Patients Surveyed by
the American College of Surgeons.

Symptom Frequency (%)

Weight loss 61.6
Abdominal pain 51.6
Nausea 34.3
Anorexia 32.0
Dysphagia 26.1
Melena 20.1
Early satiety 17.5
Ulcer-type pain 17.1
Lower-extremity edema 5.9

Source: Wanebo et al. (1993).39



jor nodal groups is essential. Table 17.3 presents the location
for the major lymph node locations relevant for gastric resec-
tion. Resection extent is classified as in Table 17.3. An R0 re-
section is one in which all the examined lymph nodes are free
of tumor. R1 resections include the entire N1 nodal group and
the omentum. An R2 resection is one that includes the entire
stomach with the N2 nodes, an R3 with the N3 nodes, etc.
Survival is predicted on the basis of the tumor stage. The TNM
classification for gastric cancer (to be implemented in January
2003) is presented in Table 17.4.40

Surgical resection of gastric cancer provides the only
chance for cure. Because gastric carcinomas will eventually
obstruct or bleed, palliation is required so that all patients
should be explored unless there is clear evidence of distant
metastases or other contraindications to surgery.41 Patients
with distal lesions should undergo distal gastrectomy. For
proximal lesions, or distal lesions where less than 5 cm of
proximal margin can be obtained or lesions are diffusely dis-
tributed in the stomach, total gastrectomy is indicated. Pre-
viously, it was thought that splenectomy was necessary to
ensure adequate tumor clearance. Splenectomy results in sub-
stantially increased perioperative morbidity without any clear
survival benefit and is not recommended.42–44

Reconstruction Techniques

Several reconstructive options are available that attempt to
minimize functional problems associated with gastric resec-
tion. Following gastric resection, early satiety and anorexia
result in less caloric intake with subsequent weight loss. Mal-
absorption following gastric resection occurs in part because
of rapid food transit time through the small bowel and less
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TABLE 17.3. Location for the Major Nodal Groups Relevant to 
Gastric Resection for Cancer.

Nodal group Location

N1 Perigastric along the greater and lesser curves
N2 Adjacent to the celiac axis and its major branches: 

the common hepatic, splenic and left gastric 
arteries

N3 Hepatoduodenal ligament; retropancreatic region; 
celiac plexus; superior mesenteric artery

N4 Paraaortic area

TABLE 17.4. AJCC Definition of TNM and Stage Groupings for
Gastric Carcinoma.

Primary Tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ: intraepithelial tumor without invasion 

of lamina propria
T1 Tumor invades lamina propria or submucosa
T2 Tumor invades muscularis propria or subserosa*
T2a Tumor invades muscularis propria
T2b Tumor invades subserosa
T3 Tumor penetrates serosa (visceral peritoneum) without 

invasion of adjacent structures**,***
T4 Tumor invades adjacent structures**,***

Regional Lymph Nodes (N)
NX Regional lymph node(s) cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in 1 to 6 regional lymph nodes
N2 Metastasis in 7 to 15 regional lymph nodes
N3 Metastasis in more than 15 regional lymph nodes

Distant Metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Stage
0 Tis N0 M0
IA T1 N0 M0
IB T1 N1 M0

T2a/b N0 M0
II T1 N2 M0

T2a/b N1 M0
T3 N0 M0

IIIA T2 N2 M0
T3 N1 M0
T4 N0 M0

IIIB T3 N2 M0
IV T4 N1-3 M0

T1-3 N3 M0
Any T Any N M1

Source: Used with permission of the American Joint Committee on Cancer
(AJCC), Chicago, IL. The original source for this material is the AJCC Cancer
Staging Manual, Sixth Edition (2002) published by Springer-Verlag, www.springer-
ny.com. The above TNM classification will be implemented in January 2003.
*A tumor may penetrate the muscularis propria with extension into the gastro-
colic or gastrohepatic ligaments or into the greater or lesser omentum without
perforation of the visceral peritoneum coveirng these structures. In this case, the
tumor is classified T2. If there is perforation of the visceral peritoneum covering
the gastric ligaments or the omentum, the tumor should be classified T3.
**The adjacent structures of the stomach include the spleen, transverse colon,
liver, diaphragm, pancreas, abdominal wall, adrenal gland, kidney, small in-
testine, and retroperitoneum.
***Intramural extension to the duodenum or esophagus is classified by the
depth of greatest invasion in any of these sites, including stomach.

TABLE 17.5.

Reconstructive Options Following Distal Gastrectomy (Level I Evidence).

Reconstruction type Outcome measurement Results Reference

BI (n � 30) vs. BII M&M, 5-year survival, Same Chareton47

(n � 32) digestive comfort
RY to gastric remnant M&M, QOL Mostly the same, except Svedlund46

(n � 13) vs. total slightly less diarrhea
gastrectomy with RYEJa following subtotal

gastrectomy

BI, BII, Billroth I, II; Ry, Roux-en-Y; RYEJ, Roux-en-Y esophagojejunostomy.
aNot explicitly stated.
This study had three arms. Thirteen patients underwent subtotal gastrectomy with Roux-en-Y esophagojejunos-
tomy for distal lesions and 20 underwent jejunal pouch interposition following total gastrectomy for proximal gas-
tric lesions. Thirty-one had a Roux-en-Y reconstruction following total gastrectomy, some for proximal and others
for distal lesions, the exact number of each was not specified.



contact with digestive enzymes. Dyspepsia, reflux, and bloat-
ing might also contribute to diminished food ingestion. Many
of these symptoms result from the loss of gastric reservoir
function. The standard operation for gastric cancer has been
total gastrectomy with Roux-en-Y esophagojejunostomy.
Newer reconstructive techniques attempt to recreate the gas-
tric reservoir function. Studies have been performed to de-
termine if better functional results are obtained with subto-
tal gastrectomy without compromising survival.

Subtotal gastrectomy has the theoretical disadvantage of
less tumor clearance with potentially greater recurrence rate.
For proximal and gastric midbody lesions, subtotal gastrec-
tomy is impractical because the tumor cannot be adequately
cleared and the remaining gastric remnant would be too small
to be of any functional value. For distal gastric lesions, subto-
tal gastrectomy is preferred. Cure rates are equivalent to to-
tal gastrectomy with better functional results.45,46 Table 17.5
summarizes results of randomized trials comparing various
reconstructions following distal gastrectomy. Billroth II re-
construction has been thought to be associated with better
function results than Billroth I. A randomized trial compar-
ing these two reconstructions following distal gastric resec-
tion for cancer found that the morbidity, perioperative mor-
tality, and 5-year survival were equivalent. Most notably, the
functional results for these two reconstructions were the
same, dispelling the notion that the Billroth II is superior.47

Distal gastrectomy with Roux-en-Y gastrojejunostomy re-
construction has been compared to total gastrectomy with
Roux-en-Y reconstruction. Theoretically, leaving a gastric
remnant improves eating because of retention of some degree
of gastric storage capacity. When these operations, which dif-

fered only by preservation of a gastric remnant, were com-
pared there was little functional difference.46

Regarding creation of a reservoir, studies suggest that stan-
dard Roux-en-Y esophagojejunostomy provides equivalent re-
sults to any other reservoir-forming pouch. Thus, the pouches
are an unnecessary addition to the reconstruction following to-
tal gastrectomy.

Chemotherapy and Radiotherapy

Gastric cancers are highly radioresistant. Radiation-induced in-
jury to the spine and other organs adjacent to the stomach pre-
clude utilization of high radiation doses. For this reason, radi-
ation can only be recommended for palliative purposes.48

Intraoperative radiation may result in somewhat better local
control of gastric cancer but does not result in improved sur-
vival.49

Numerous trials investigating the value of postoperative
chemotherapy have been performed. These have been as-
sessed by meta-analysis concluding that there is no benefit.50

For advanced-stage gastric cancers, chemotherapy may tran-
siently reduce the tumor size. However, there has not been
any demonstrable improvement in survival irrespective of the
agents or combinations of drugs investigated.51

Gastric Surgery for Obesity

Obesity surgery was thoroughly evaluated by a consensus
panel assembled by the National Institutes of Health in 1990.
The panel recommended52 that a multidisciplinary team of
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FIGURE 17.5.  Roux-en-Y gastric bypass. The stomach is stapled shut
horizontally, creating a 30-ml gastric pouch. The small bowel is di-
vided beyond the ligament of Treitz. The distal cut end is brought
through the transverse mesocolon, anterior to the stomach, and anas-
tomosed to the pouch. This anastomosis is performed over a 32-
French Bougie catheter to ensure the anastomosis is 1 cm in diame-
ter. The proximal end of the small bowel is anastomosed 40 cm distal
to the gastrojejunostomy for the standard Roux-en-Y and 150 cm for
the long-limb gastric bypass.

FIGURE 17.4.  Vertical banded gastroplasty (VBG). A vertical staple
line is placed parallel to the lesser curve, 1 cm away from its edge. Ap-
proximately 5 cm distal to the gastroesophageal junction, an EEA sta-
pler is used to create a hole in the stomach. A piece of mesh is wrapped
around the edge of the stomach and the EEA hole, creating a 1-cm out-
let. The pouch has a 15- to 30-ml volume. The silastic ring gastro-
plasty is performed similar to the VBG except that the EEA hole is not
created. A piece of silastic tubing is wrapped from the anterior surface
of the staple line, around the medial edge of the stomach, and fixed to
the posterior surface of the staple line, creating a 1-cm outlet.



providers evaluate surgical candidates. All aspects of medical,
surgical, psychological, and nutritional issues must be ade-
quately addressed before recommending surgery. Patients
must commit to compliance with diets postoperatively. They
must also ensure that they comply with lifelong follow-up
for their medical conditions.

Body mass index (BMI) is the preferred means for assess-
ing obesity. BMI is calculated by dividing the weight in kilo-
grams by the height squared. Alternatively, the weight in
pounds is divided by the height in inches squared times 705.
The normal range of BMI is 25 to 28. Any BMI greater than
28 is considered overweight: obesity is defined as having a
BMI greater than 30, morbid obesity a BMI greater than 40,
and superobesity a BMI greater than 50. Above a BMI of 40,
all-cause mortality sharply increases. Thus, the threshold for
obesity surgery was set at a BMI of 40 by the NIH panel. The
panel also included criteria for surgery when the BMI was in
the range of 35 to 40 but only if the comorbid conditions were
severe and life threatening.

The panel also reviewed the available weight loss opera-
tions. They found insufficient scientific evidence to support
any of the malabsorptive surgeries. They concluded that only
the vertical band gastroplasty (VBG) (Figure 17.4) and Roux-
en-Y gastric bypass (RYGB) (Figure 17.5) could be recom-
mended. Subsequent to publication of the statement, several
high-quality reports demonstrated that the RYGB is a supe-
rior operation to the VBG. 
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Pancreas
Sean J. Mulvihill

Anatomy of the Pancreas

Embryology

The pancreas is derived as an outpouching of the primitive
foregut endoderm in the region of the duodenum.1 It has two
main embryological components: (1) a dorsal bud, first iden-
tifiable at 4 weeks gestation, which goes on to become the
body and tail of the gland, and (2) a ventral bud producing the
head of the gland and the extrahepatic biliary system. As these
outpouchings grow, the ventral aspect rotates to fuse with
the dorsal aspect by about the seventh week of gestation. The
ductal system of the pancreas is derived from these two an-
lages. The embryonic ventral duct arises from the bile duct,
drains with it into the duodenum at the major papilla, and
fuses with the dorsal duct to drain the body of the gland as
the main pancreatic duct of Wirsung. The embryonic dorsal
duct persists as a separate structure in its proximal portion
(duct of Santorini), draining into the duodenum at the minor
papilla on the medial duodenal wall about 1 to 2 cm cepha-
lad to the major papilla. In 5% to 10% of people, the ventral
and dorsal ducts fail to fuse, resulting in a condition known
as pancreas divisum.2,3 In this anatomical arrangement, the
majority of pancreatic secretions are carried to the duodenum
through the duct of Santorini and the minor papillae.

The neurons innervating the pancreas, and the rest of the
gastrointestinal tract, are part of the enteric nervous system
(ENS), best thought of as the third component of the auto-
nomic nervous system.4 The ENS plays an important role in
the regulation of secretion, motility, blood flow, and immune
function in the gut.

Developmental abnormalities of the pancreas are rare, but
can occasionally come to attention clinically. The risk of de-
velopment of acute pancreatitis was shown to be increased
in patients with pancreas divisum in some studies, but not
others.3,5–8 Congenital pancreatic cysts are uncommon and
usually solitary. Multiple congenital cysts can occur in the
setting of polycystic kidney disease, von Hippel–Lindau syn-

drome, or cystic fibrosis. Annular pancreas occurs when the
ventral pancreas encircles the duodenum, usually just proxi-
mal to the ampulla of Vater. Annular pancreas may be an in-
cidental finding, or it may cause obstruction, in which case
it is treated by duodenojejunostomy.

Anatomical Relationships

The normal pancreas is about 15 cm in length, weighs ap-
proximately 120 g, and is located in the retroperitoneum, cov-
ered by a thin peritoneum (Fig. 18.1).1 The head of the gland
lies nestled in the C-loop of the second part of the duodenum,
and the tail of the gland extends obliquely into the hilum of
the spleen. The superior mesenteric vein passes from the
small-bowel mesentery toward the liver behind the neck of
the pancreas, where it joins the spenic vein to become the
portal vein. The inferior mesenteric vein similarly runs in a
cephalad direction from the left colon mesentery behind the
body of the pancreas near the ligament of Treitz to join the
superior mesenteric and portal vein confluence. The splenic
vein courses posterior to the body of the pancreas, and the
splenic artery runs from its celiac origin to the spleen along
the cephalad aspect of the pancreatic body. The body of the
pancreas lies anterior to the left kidney and adrenal gland.
The head of the pancreas lies anterior to the inferior vena
cava, which can be exposed with the Kocher maneuver. The
neck of the pancreas overlies the spine, where it is suscepti-
ble to injury in blunt abdominal trauma.

Blood Supply, Lymphatic Drainage, 
and Innervation

The pancreas has a redundant arterial blood supply. The head
of the gland is supplied by paired (anterior and posterior) pan-
creaticoduodenal arteries, which course along the interface
between the duodenum and the head of the pancreas.9 The
celiac artery branches supply the right cephalic portion of the
pancreatic head (dorsal anlag), the region around the intra-
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FIGURE 18.2.  Microscopic anatomy of the pancreatic acinus. In the
pancreatic acinus, the cells are arranged around a central ductule.
The apical region of the acinar cells contains the machinery neces-
sary for exocytosis of secretory granules. The basolateral surface of
the acinar cell is exposed to a rich capillary bed. This region of the
cell contains specific receptors for secretagogues such as cholecys-
tokinin.

FIGURE 18.1.  An anterior view of the pancreas, showing the major
relationships with the duodenum, spleen, splenic artery, superior
mesenteric artery, and superior mesenteric vein.

pancreatic portion of the bile duct, and the first and second
portions of the duodenum.10 The superior mesenteric artery
branches supply the left caudal portion of the pancreatic head
(ventral anlag) and the third and fourth portions of the duo-
denum. The body of the gland is supplied by small branches
from the splenic artery. The venous drainage of the pancreas
is entirely into the portal vein. 

The pancreas is drained by an extensive network of lym-
phatic channels, which coalesce into lymph nodes.11 These
nodal drainage basins have importance in the treatment of
patients with pancreatic cancer, where nodal metastasis is
common. In the head of the gland, the initial drainage is to
pancreaticoduodenal nodes, located near the groove between
the pancreas and duodenum. Additional drainage is to nodes
along the hepatoduodenal ligament, including those along the
right lateral aspect of the portal vein and also along the he-
patic artery. Secondary drainage is seen to celiac and periaortic
lymph nodes from the hepatic and gastroduodenal regions.
From the uncinate process, drainage is toward the superior
mesenteric arterial nodes and from there to the periaortic
chain. From the body of the pancreas, drainage is mainly to
nodes along the splenic artery and splenic hilum, and from
there to the celiac and periaortic nodes.

The pancreas is innervated extrinsically by parasympa-
thetic fibers from the vagus nerve and sympathetic fibers
from the splanchnic nerves. Visceral afferent fibers largely
pass via spinal nerves to the dorsal root ganglia, although the
vagus nerves also contain afferent fibers. These sensory fibers
are likely involved in pain perception in disorders such as
chronic pancreatitis and pancreatic cancer.

Microscopic Anatomy

The pancreas is a finely nodular gland composed of exocrine
tissue (80% of the total mass), ducts, vessels, nerves, and con-
nective tissue (18% of the total mass), and endocrine tissue,
the islets of Langerhans (2% of the total mass). The exocrine
portion of the gland is made up of pancreatic acinar cells,
arranged in spherical masses termed acini, which in turn are
grouped as lobules. Pancreatic exocrine secretions are drained
via small ductules originating in the acini, becoming pro-

gressively larger in the lobules and eventually emptying into
the main pancreatic duct.

Pancreatic acinar cells are large and pyramidal shaped.
Their basolateral aspect is in contact with nerves, blood ves-
sels, and a connective tissue stroma, and their apical aspect
converges on the central lumen of the acinus (Fig. 18.2). With
stimulation, the zymogen granules in the apex of the cell are
depleted as they empty enzymes into the ductule lumen. 

The islets of Langerhans are small islands of endocrine
cells within a sea of exocrine tissue (Fig. 18.3). The pancreas
contains approximately 1 million islets, distributed through-
out the gland. The islets contain four endocrine cell types: (1)
B cells account for 50% to 80% of the total islet volume and
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FIGURE 18.3.  Microscopic appearance of the islets of Langerhans.
The islets of Langerhans contain hormones, including insulin,
glucagon, and somatostatin, involved in regulation of blood glucose
levels. The islets are scattered throughout the pancreas within a sea
of exocrine tissue. The islets can be well seen through the use of spe-
cial immunoreactive stains, such as this one to chromogranin.



contain insulin; (2) PP cells account for 10% to 35% of the
islet volume and contain pancreatic polypeptide; (3) A cells
account for 5% to 20% of the islet volume and contain
glucagon; and (4) D cells account for less than 5% of the islet
volume and contain somatostatin. 

Physiology of the Pancreas

Exocrine Function

The pancreas has a major exocrine function in the produc-
tion of digestive enzymes. These include (1) amylase, which
functions in the breakdown of starches, (2) lipase, which func-
tions to hydrolyze fatty acids, (3) trypsin and chymotrypsin,
which function to degrade proteins in the meal, and (4) nu-
cleases such as deoxyribonuclease and ribonuclease, which
function to break down DNA and RNA, respectively. These
enzymes are largely made and stored in the pancreas in an in-
active form, and are activated after secretion by the duodenal
epithelial brush border enzyme, enterokinase. Enterokinase
hydrolyzes trypsinogen to its active form, trypsin; the latter
molecule, in turn, activates other proenzymes. To prevent
damage from inadvertent intrapancreatic activation of diges-
tive enzymes, a trypsin inhibitor is also secreted by the pan-
creas. The other components of pancreatic juice and their nor-
mal concentrations are summarized in Table 18.1.

Pancreatic juice is clear, colorless, and alkaline. In addi-
tion to its organic constituents, pancreatic juice contains a
number of inorganic salts, including Na�, K�, Cl�, and
HCO3

�. The concentrations of Cl� and HCO3
� are recipro-

cally linked, according to the volume of secretion. The daily
total volume of secretion of pancreatic juice is approximately
2.5 l. The hormone secretin, found in duodenal epithelium,
is released in response to duodenal acidification and stimu-
lates pancreatic water and bicarbonate secretion from pan-
creatic ductal and centroacinar cells.

In the basal state, pancreatic enzyme secretion is mini-
mal, due to the tonic inhibition by the peptide hormone and
neurocrine agent somatostatin. With ingestion of a meal, the
presence of fat or amino acids in the duodenum stimulates
release of a trypsin-sensitive peptide termed cholecystokinin-
releasing factor (CCK-RF).12 CCK-RF acts in the duodenum
to stimulate the release of cholecystokinin (CCK), which in
turn stimulates enzyme secretion from pancreatic acinar cells
as well as gallbladder contraction. The presence of activated
trypsin in the duodenal lumen inactivates CCK-RF, thus re-
ducing further stimulation of secretion.

Cholecystokinin is the major stimulant of pancreatic 
exocrine secretion, but a number of other neurocrine agents

are also involved, including acetylcholine, vasoactive in-
testinal polypeptide, gastrin-releasing peptide, and substance
P.13 The main inhibitor of pancreatic exocrine secretion is
somatostatin.14

Endocrine Function

Besides secretion of digestive enzymes, a second major func-
tion of the pancreas is in regulation of blood glucose levels.
The islets of Langerhans, which contain the endocrine cells
of the pancreas, are distributed widely throughout the gland.
Three main cell types make up the islets: (1) alpha cells,
which produce glucagon, (2) beta cells, which produce insulin,
and (3) delta cells, which produce somatostatin. The organi-
zation of these cells within the islet follows a specific pat-
tern, with the alpha cells rimming the outer part of the islet,
beta cells making up the core, and delta cells distributed at
the interface between the alpha and beta cells. The islet has
a special venous drainage that bathes the acinar (exocrine)
glands before entering the portal vein. These two features, the
anatomical distribution of cells within the islet and the spe-
cial islet venous drainage, likely contribute to regulation of
islet hormone secretion and islet–acinar interaction in regu-
lation of exocrine enzymes, respectively.

Acute Pancreatitis

Acute pancreatitis is an inflammatory disorder of the pancreas
with local and systemic manifestations. About 5,000 new
cases per year are seen in the United States, with an overall
mortality rate of 10%, making pancreatitis a significant health
problem.15 An international symposium on pancreatitis held
in Atlanta (GA, USA) in 1992 reached consensus on termi-
nology to describe various conditions related to pancreatitis
(Table 18.2).16 Acute pancreatitis is best defined as an acute
inflammatory disease of the pancreas with variable involve-
ment of distant organs such as the lung, kidney, and heart.
Two main pathological forms of acute pancreatitis are recog-
nizable: (1) a mild, interstitial or edematous pancreatitis, char-
acterized by interstitial edema and infiltration of poly-
morphonuclear cells, and (2) a more severe necrotizing pan-
creatitis, characterized by focal or diffuse necrosis of both the
pancreatic parenchyma and adjacent soft tissue. The former is
usually a self-limited process that rarely results in local com-
plications, organ failure, or death, whereas the latter com-
monly results in infection, systemic manifestations such as
pulmonary, renal, or cardiac failure, and death.

Pathophysiology

Acute pancreatitis has many and varied underlying causes,
which remarkably produce a relatively uniform clinical pic-
ture. Common causes of pancreatitis are listed in Table 18.3.
The mechanisms by which these various factors cause pan-
creatitis are an ongoing subject of study.

Clinical Presentation

The most prominent symptom in patients with acute pan-
creatitis is abdominal pain. Typically, the pain is located dif-
fusely across the upper abdomen and radiates through to the
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TABLE 18.1. Inorganic Components of Pancreatic Juice During 
Secretion.

Component Amount or concentration

Water 1500–3000 ml/day
Sodium 140 mmol/l
Potassium 10 mmol/l
Chloride 20 mmol/l
Bicarbonate 110 mmol/l



back. In most patients, the onset of pain is relatively sudden,
and may mimic other intraabdominal catastrophes such as
perforated ulcer. The pain is usually severe and steady in na-
ture, without the cramping characteristic of bowel obstruc-
tion or the waxing and waning course of renal colic. Nausea
and vomiting frequently accompany the pain. Vomiting does
not alleviate the pain.

On physical examination, the patient is usually found ly-
ing still in bed, as movement exacerbates the discomfort.
Low-grade fever is typically present at the outset of illness,
and high fevers to 39°C may be present within 2 or 3 days in
severely afflicted patients. Tachycardia is commonly present,
along with other signs of intravascular volume depletion. The
abdomen is mildly distended, with tenderness and guarding
in the upper quadrants. A picture of diffuse peritonitis can be
seen in severe cases, but usually without the boardlike qual-
ity of perforated duodenal ulcer. Although not commonly
seen today, occasional patients presenting with hemorrhagic
pancreatitis have ecchymoses in the flanks (Grey Turner sign)
or the periumbilical area (Cullen sign).

Associated physical signs include diminished breath
sounds with dullness at the lung bases from consolidation or
effusion. In patients with gallstone pancreatitis, jaundice may

be present, reflecting biliary obstruction from a gallstone.
Pancreatitis related to alcohol ingestion may be accompanied
by stigmata of chronic liver disease, such as spider angiomata,
gynecomastia in males, and parotid enlargement.

Diagnostic Evaluation

The most useful single test in the diagnosis of pancreatitis is
the serum amylase level. Hyperamylasemia occurs early in the
course of acute pancreatitis, and its return to normal levels gen-
erally follows the improving clinical course of uncomplicated
patients. Hyperamylasemia is not specific for pancreatitis, how-
ever, as it has been described in a number of unrelated condi-
tions (Table 18.4). The level of amylase elevation does not cor-
relate with the severity of the illness. In the presence of
hypertriglyceridemia, serum amylase levels may be falsely low.

Other blood tests useful in the diagnosis of pancreatitis in-
clude the white blood cell count, which is usually moderately
elevated. In the presence of pancreatic necrosis, the white
blood cell count may rise markedly. Hyperglycemia is com-
mon in acute pancreatitis but is nonspecific. Liver function
tests are commonly transiently elevated in pancreatitis. Serum
lipase measurements are roughly as sensitive as amylase mea-
surements in the diagnosis of acute pancreatitis. Lipase re-
mains elevated somewhat longer in the course of illness than
amylase and is somewhat more specific, because lipase is not
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TABLE 18.3. Causes of Acute Pancreatitis.

Relative frequency
Cause in the United States

Gallstones 40%
Alcohol 30%
Idiopathic 15%
Metabolic 5%

Hyperlipidemia
Hypercalcemia
Cystic fibrosis

Anatomical and functional lesions �5%
Pancreas divisum
Pancreatic duct strictures or tumors
Ampullary stenosis or obstruction
Sphincter of Oddi dysfunction

Mechanical insults �5%
Blunt abdominal trauma
Intraoperative injury
Endoscopic retrograde cholangiopancreato-

graphy (ERCP)
Drugs

Azathioprine, thiazide diuretics, pentamidine, 
dideoxyinosine (ddI), sulfonamides, cortico- �5%
steroids, furosemide

Infections and toxins �5%
Mumps, viral hepatitis, cytomegalovirus, 

ascariasis, scorpion venom, anticholines-
terase insecticides

Ischemia Rare
Cardiac surgery
Vasculitis

Hereditary Rare
Miscellaneous Case reports

Burn injury
Long-distance running

TABLE 18.2. Definitions of Terminology in Pancreatitis.

Acute interstitital pancreatitis:
A mild, self-limited form of pancreatitis characterized by inter-
stitial edema and an acute inflammatory response without
necrosis, local complications, or systemic manifestations such
as organ failure.

Necrotizing pancreatitis:
A severe form of acute pancreatitis characterized by locoregional
tissue necrosis and systemic manifestations such as pulmonary,
renal, or cardiac failure.

Sterile necrosis:
Acute pancreatitis leading to tissue necrosis without superven-
ing infection.

Infected necrosis:
Acute pancreatitis with locoregional tissue necrosis complicated
by bacterial or fungal infection.

Acute fluid collections:
A fluid collection occuring early in the course of acute pancre-
atitis, located in or near the pancreas, and lacking an epithelial
lining or a defined wall of granulation or fibrous tissue.

Pancreatic pseudocyst:
A pancreatic or peripancreatic fluid collection with a well-
defined wall of granulation tissue and fibrosis, absence of an 
epithelial lining. Pancreatic pseudocysts can arise in the setting
of chronic pancreatitis, without as a sequela of an episode of
necrotizing pancreatitis. One of the common complications of
pseudocyst is the development of infection.

Pancreatic cysts:
A fluid-filled pancreatic mass with an epithelial lining. These
may be neoplastic lesions, such as serous cystadenomas or mu-
cinous cystic tumors, or congenital cysts.

Pancreatic abscess:
A circumscribed intraabdominal collection of pus, usually in
proximity to the pancreas, containing little or no pancreatic
necrosis, arising as a consequence of necrotizing pancreatitis or
pancreatic trauma.

Suppurative cholangitis:
Bacterial infection within the biliary tree, associated with ductal
obstruction, usually from a stone or stricture.

Source: Adapted from the Atlanta classification.16



found in organs such as the salivary glands and ovaries. Serum
calcium levels often fall in the course of pancreatitis, mainly
because of a concomitant fall in serum albumin, as serum ion-
ized calcium levels remain normal in most patients.17

Radiographic assessment of patients with pancreatitis
should include right upper quadrant ultrasonography in those
suspected of gallstones as the cause. The positive predictive
value of ultrasound has been reported to be as high as 100% in
this situation, with a negative predictive value of about 75%.18

In severely ill patients, computed tomography (CT) should be
performed to assess the degree of necrosis present and to iden-
tify fluid collections. Endoscopic retrograde cholangiopancre-
atography (ERCP) plays a diagnostic role in identifying certain
causes of pancreatitis, such as pancreas divisum, ductal stric-
tures, and tumors, and a therapeutic role in selected patients
with gallstone pancreatitis complicated by cholangitis.2

Measures of Severity of Pancreatitis

The severity of pancreatitis can be estimated with both clin-
ical and radiographic criteria. Ranson’s criteria for estimating
severity is one of the most commonly used clinical systems
(Table 18.5). These 11 criteria were found, in multivariate
analysis, to predict survival in patients with acute pancreati-
tis.19,20 These criteria include 5 measured at the time of pre-
sentation and 6 others during the initial 48 h of treatment.
Patients with fewer than 3 of these criteria present were found
to have uniformly good outcomes, whereas the mortality rate
increased substantially in the presence of greater numbers of
criteria (3–4 criteria: 20% mortality; 5–6 criteria: 40% mor-
tality; 7 or greater criteria: 100% mortality).

The recognition of the importance of necrosis in deter-
mining outcome was recognized by the development of com-
puted tomographic staging systems to estimate severity of pan-
creatitis.21–23 Necrosis in more than 50% of the gland, the
presence of extensive peripancreatic fluid collections, and the
presence of gas within the pancreas or adjacent soft tissue are
all markers predicting poor outcome.22

Treatment of Pancreatitis

MILD TO MODERATE ACUTE PANCREATITIS

Most patients with pancreatitis have a relatively mild, self-
limited disease.24 The average patient with pancreatitis of
mild to moderate severity should be initially supported with
intravenous hydration and pain medications. Nasogastric
tube suction, when used routinely, appears to have no bene-
fit,25 but should be considered for patients with significant
vomiting. In patients with gallstone pancreatitis, a laparo-
scopic cholecystectomy should be performed at a convenient
time before discharge.26,27 An intraoperative cholangiogram
should be obtained during cholecystectomy and, if common
bile duct stones are found, a laparoscopic common bile duct
exploration or postoperative endoscopic sphincterotomy with
stone extraction should be performed.28,29 The outcome with
this strategy is excellent.

SEVERE ACUTE PANCREATITIS

The patient with severe acute pancreatitis from any cause is
at risk for the development of complications for which sur-
gical decision making plays a central role. A small group of
patients with severe acute pancreatitis may benefit from an
early approach to clearing the common bile duct. This group
is critically ill at presentation and fails to improve in the first
12 to 24 h of treatment. If gallstones are confirmed by ultra-
sonography, then ERCP, spincterotomy, and stone extraction
within the first 48 h decrease mortality (Table 18.6). Laparo-
scopic cholecystectomy is delayed until recovery from the
pancreatitis, but during the same hospitalization.27 For many
of these patients, additional procedures such as pseudocyst
drainage are required.

STERILE NECROSIS

Necrotizing pancreatitis can produce necrotic areas of pancreas
and retroperitoneal tissue without becoming infected. The clin-
ical course of some of these patients is relatively benign, but
in others, the clinical course mimics that of patients with
necrosis complicated by infection.30 If the patient is improv-
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TABLE 18.4. Causes of Hyperamylasemia.

Causes associated with acute 
abdominal pain Miscellaneous causes

Acute pancreatitis Mumps
Pancreatic ascites Acute parotitis
Perforated viscus Scorpion stings
Pancreatic pseudocyst Ovarian cysts and tumors
Acute cholecystitis Lung cancer
Small-bowel obstruction Renal failure
Acute appendicitis Macroamylasemia
Ruptured ectopic pregnancy Endoscopic retrograde 

cholangiopancreatography
Acute salpingitis Diabetic ketoacidosis

Intracranial hemorrhage
HIV infection

TABLE 18.5. Ranson Criteria for Assessing Severity of Acute Pancreatitis.

Criteria at admission Criteria within the first 48 h

Age �55 years Drop in hematocrit �10%
White blood cell count �16,000/�l Fluid deficit �4000 ml
Serum glucose �200 mg/dl (11 mmol/l) Serum calcium �8.0 mg/dl (�1.9 mmol/l)
Serum LDH �400 IU/l Hypoxemia (PO2 �60 mmHg)
Serum AST �250 IU/l Rise in BUN �5 mg/dl (�1.8 mmol/l)

Drop in albumin �3.2 g/dl

Source: Ranson et al. (1976).19



ing clinically, conservative therapy is appropriate. If fever,
leukocytosis, abdominal pain, ileus, or organ dysfunction is
present, CT-guided percutaneous aspiration of necrotic areas
should be performed to rule out infection.31 If the Gram stain
and culture of this material are sterile, bowel rest, total par-
enteral nutrition, analgesics, and intravenous antibiotics are
appropriate treatment.32,33 In general, a worsening clinical
course or failure to improve within 3 to 4 weeks is a reason-
able indication for debridement in the absence of infection. Per-
sistent fever or stable organ system failure are not absolute in-
dications for surgery, although a search for infection with
fine-needle aspiration biopsy is warranted.

NECROTIZING PANCREATITIS WITH INFECTION

Infection can complicate severe acute pancreatitis as (1) in-
fected pancreatic necrosis, (2) pancreatic abscess, (3) infected
pseudocyst, and (4) acute suppurative cholangitis; these terms
are defined in Table 18.2. Infected pancreatic necrosis is a ful-
minant infection occurring within the first 2 weeks of the on-
set of necrotizing pancreatitis. The reported incidence is 17%
in a large series of patients with acute pancreatitis.34 The
usual pathogens are gram-negative rods from the gut, and in
three-quarters of cases the infection is monomicrobial. Ani-
mal data35 and randomized, controlled clinical data suggest
that early, empiric antibiotic treatment (i.e. cefuroxime or
imipenem) in patients with severe acute (necrotizing) pan-
creatitis decreases infectious complications and mortality
(Table 18.7).36 Mortality rates in infected necrosis as high as
32% have been reported in recent series.37 In contrast, pan-
creatic abscess is less common, with an incidence of 2%, and
generally does not develop until an average of 5 weeks fol-
lowing onset of pancreatitis.16,34,38 Although the spectrum of
responsible organisms is similar to that seen in infected pan-
creatic necosis, multimicrobial involvement is far more com-
mon. Pancreatic abscess has a somewhat less fulminant
course and lesser mortality rate than infected necrosis. In-
fection developing in preexisting pancreatic pseudocysts is a

different problem and should be distinguished from infected
necrosis or pancreatic abscess. These patients may develop a
septic picture late in the course of pancreatitis. Infected
pseudocysts generally are more indolent than infected necro-
sis or pancreatic abscess and commonly respond to external
tube drainage and intravenous antibiotics. Finally, cholangi-
tis may complicate the course of acute pancreatitis if com-
mon bile duct obstruction occurs; this usually occurs in the
setting of gallstone pancreatitis and may be fulminant. Relief
of biliary obstruction by endoscopic papillotomy and stone
extraction is the preferred management.

Patients with severe pancreatitis should undergo contrast
enhanced CT examination (CE-CT). If hypoperfused areas sug-
gestive of necrosis are identified, CT-guided fine-needle aspi-
ration is performed for Gram stain and culture to detect in-
fection. Infection occurs as a complication of pancreatic
necrosis in up to 70% of patients.39,40

If infected pancreatic necrosis is identified, the appropri-
ate management is broad-spectrum intravenous antibiotics
and immediate operative debridement. Techniques for subse-
quent management include closed passive (Penrose) drainage,
closed suction drainage, open packing (marsupialization), and
peritoneal lavage. Multiple operative procedures are often re-
quired to debride the ongoing necrosis. Nonoperative drainage
techniques are generally insufficient to adequately evacuate
this necrotic tissue. No randomized data exist comparing
these various treatment strategies, but good results have been
reported in retrospective reviews with each technique.34,41–44

Peritoneal lavage is popular in some centers as an adjunctive
therapy in patients with severe acute pancreatitis.

PANCREATITIS COMPLICATED BY BLEEDING

Bleeding associated with acute necrotizing pancreatitis is a
serious problem, with mortality rates in excess of 50%.45

Bleeding may arise from extension of the necrotizing process
into nearby major vessles, such as the gastroduodenal or
splenic arteries, or from the gastrointestinal tract. This latter

2 0 4 CHAPTER 18

TABLE 18.6.

Early Endoscopic Sphincterotomy in Gallstone Pancreatitis: Results from Randomized, Controlled Clinical Trials 
(Level I Evidence).

Reference Patient groups Mortality rate Biliary sepsis rate Comments

Neoptolemos, Early ERCP/ES 1.7% (p � 0.05) 6 of 25 severe pancreatitis Benefit confined to patients with
England, 1988114 (n � 59) patients (p � 0.05) severe pancreatitis. LOS also

Selective ERCP 8.0% 17 of 28 severe pancreatitis shortened by routine ERCP/ES
(n � 62) patients

Fan, Hong Kong, Early ERCP/ES 5% (p � 0.4, ns) 0% (p � 0.001) Benefit limited to patients with
1993115 (n � 97) severe pancreatitis

Selective ERCP 9% 12%
(n � 98)

Nitsche, European Early ERCP/ES 1% (ns) Cholangitis (odds ratio � 3.3) No benefit observed with early, 
multicenter trial, (n � 48) and sepsis (odds ratio � 3.5) routine endoscopic sphincterotomy
1995116 slightly more frequent in

Selective ERCP 2% selective group (ns)
(n � 52)

Neoptolemos, Early ERCP/ES 1.7% (p � 0.05) 6 of 25 severe pancreatitis Benefit confined to patients with
England, 1988114 (n � 59) patients (p � 0.05) severe pancreatitis. LOS also

Selective ERCP 8.0% 17 of 28 severe pancreatitis shortened by routine ERCP/ES
(n � 62) patients

ns, not significant.



is usually secondary to severe stress gastritis or varices re-
lated to splenic vein thrombosis. Initial management of bleed-
ing in this setting is by angiographic identification and em-
bolization of the involved artery. Surgery is required if
angiography is unsuccessful.

MANAGEMENT OF PANCREATITIS ASSOCIATED

WITH PANCREAS DIVISUM

The incidence of pancreas divisum is about three- to fourfold
higher in patients with recurring bouts of idiopathic pancre-
atitis than in unaffected controls. Several small series of pa-
tients have suggested benefit from endoscopic minor papil-
lotomy or pancreatic duct stent placement to reduce the inci-
dence of recurrent pancreatitis.3

MANAGEMENT OF PATIENTS WITH PANCREATITIS

AND NO CLEAR CAUSE

Occasional patients present with acute pancreatitis and no
clear underlying cause (see Table 18.3). This disorder has been
called idiopathic pancreatitis, but this term should be re-
served for those patients in whom the cause remains obscure
after a thorough evaluation. If these efforts are unrevealing,
empiric laparoscopic cholecystectomy should be considered,
especially if (1) the clinical course has been consistent with
gallstone pancreatitis, (2) there is a family history of gall-
stones, or (3) if the patient’s liver function tests were tran-
siently abnormal. Under these circumstances, it is likely that
occult cholelithiasis is the cause of the patient’s symptoms.
A common mistake is to assume that a negative ultrasound

PANCREAS 2 0 5

TABLE 18.7.

Randomized, Controlled Clinical Trials of Prophylactic Antibiotic Therapy in Necrotizing Pancreatitis (Level I Evidence).

Infectious
Reference Patient groups complications Mortality rate Comment

Trials of intravenous 
antibiotics

Sainio, 1995, Cefuroxime 1.0 infections per 3.3% (p � 0.03) Enrollment of patients with
Helsinki (n � 30) patient (p � 0.01) necrotizing pancreatitis only.
University117 30% with Penetration data of cefuroxime

pancreatic unclear. Good activity against
infection (ns) expected pathogens.

Randomized, but not double-
1.8 infections per 23.3% blind or placebo controlled

Control (n � 30) patient Only study to show improved
40% with mortality with i.v. antibiotics
pancreatic but no improvement in
infection pancreatic infection rate.

Pederzoli, 1993, Imepenem Pancreatic 7.3% (ns) Necrotizing pancreatitis only.
Italian (n � 41) sepsis in 12.2% Imepenem has good
multicenter (p � 0.01) penetration into pancreatic
trial118 Nonpancreatic tissue. Randomized, but not

sepsis in 14.6% placebo controlled. Significant
(p � 0.01) improvement in pancreatic and

12.1% other infection rates.
Control (n � 33) Pancreatic

sepsis in 30.3%
Nonpancreatic
sepsis in 48.5%

Howes, 1975, Ampicillin (n � 48) 10.4% (ns) 0% Mild pancreatitis included.
Johns Hopkins Ampicillin has poor pentration
University119 Control (n � 47) 12.8% 0% into pancreatic tissue and

secretion.
Finch, 1976120 Ampicillin (n � 31) Infectious 3.2% (ns) Mild pancreatitis included

complications not Ampicillin has poor penetration
Control (n � 27) specifically 0% into pancreatic tissue and

reported. No secretion.
significant
differences in
length of stay or
duration of fever.

Trials of selective gut 
decontamination

Luiten, 1995, Selective Pancreatic 11 of 50, 22% Enrollment criteria: Imrie score
Netherlands decontamination infection in 18% (p � 0.048) �3, Balthazar grade D or E.
multicenter (n � 50) (p � 0.03) Randomized, but not placebo
trial121 controlled.

Control (n � 52) Pancreatic 18 of 52, 35%
infection in 38%



examination excludes gallstones, when in fact the false-
negative rate is about 5%.46

Chronic Pancreatitis

Chronic pancreatitis affects about 8 new patients per 100,000
population per year in the United States, with a prevalence of
26.4 cases per 100,000 population.47 Autopsy series, however,
suggest a higher prevalence, 0.04% to 5%. Chronic pancre-
atitis is characterized pathologically by parenchymal fibrosis,
ductal strictures, and atrophy of acinar and islet tissue.48 Three
subgroups of chronic pancreatitis have been described, in-
cluding (1) chronic calcific pancreatitis, (2) chronic obstruc-
tive pancreatitis, and (3) chronic inflammatory pancreatitis.
The most common pattern is chronic calcific pancreatitis, usu-
ally related to alcohol ingestion, and characterized by fibrosis,
calcification in small ducts, and intraductal protein plugging.
Chronic obstructive pancreatitis is commonly observed in the
setting of pancreatic cancer, where ductal obstruction by the
tumor leads to dilation, acinar atrophy, and fibrosis. The least
common type is chronic inflammatory pancreatitis, usually
associated with autoimmune diseases such as Sjögren’s syn-
drome and sclerosing cholangitis.

Etiology

The underlying pathophysiology of alcohol-related chronic pan-
creatitis remains unclear, but probably involves ductal plug-
ging and calcification related to abnormalities in pancreatic
juice.49,50 In tropical countries, chronic pancreatitis occurs in
young individuals in the absence of alcohol ingestion, perhaps
from dietary factors or micronutrient deficiency. A small num-
ber of patients have chronic pancreatitis with a genetic basis.51

Gallstone disease does not result in chronic pancreatitis.

Clinical Presentation

There is no simple, accurate way to confirm the diagnosis of
chronic pancreatitis. Clinical criteria for diagnosis include un-
relenting epigastric abdominal pain that radiates through to the
back, accompanied by nausea, poor appetite, and weight loss.
Pancreatic exocrine insufficiency, resulting in steatorrhea, does
not occur until about 90% of function is lost. Endocrine in-
sufficiency, resulting in diabetes, does not occur until greater
than 80% of the gland is destroyed. Because both insulin and
glucagon secretion are lost with islet atrophy, the diabetes in
chronic pancreatitis tends to be brittle and difficult to control.

The physical examination in patients with chronic pan-
creatitis is often unrevealing. Weight loss and malnutrition
may be evident. Occasional patients may have concomitant
chronic liver disease evident on examination. Epigastric ten-
derness is common. 

Diagnostic Evaluation

Routine laboratory investigation is not generally revealing in
chronic pancreatitis. Serum amylase and lipase levels may be
mildly elevated but are usually normal. Liver function tests
are normal unless there is underlying liver disease or bile duct
obstruction. Malnutrition may be revealed by decreased serum
albumin levels. In patients with steatorrhea, fat malabsorption

can be confirmed by Sudan staining of the stool of 72-h stool
collection while the patient consumes a diet containing 100 g
fat per day. Stool fat excretion greater 7 g/day is abnormal.

Imaging studies are performed to provide an assessment
of the extent of disease. A plain film of the abdomen may de-
tect calcification in the gland. An abdominal CT scan is use-
ful to identify pancreatic calcification, masses suspicious for
carcinoma, dilated ducts, and pseudocysts. Reported sensi-
tivity of CT in the diagnosis of chronic pancreatitis ranges
from 75% to 90% with a specificity of 85% to 100%.52 Pan-
creatic calcification is a hallmark of the diagnosis of chronic
pancreatitis, but the degree of calcification does not correlate
well with the degree of exocrine insufficiency.53 Magnetic res-
onance cholangiopancreatography54,55 (MRCP) or endoscopic
retrograde cholangiopancreatography56 (ERCP) is necessary to
determine the size and anatomy of the pancreatic duct, as
well as unsuspected pathology such as biliary stricture and
cancer. These studies allow patients to be categorized into
those with “small duct” disease and those with “large ducts.”
This differentiation is important in that those with large ducts
are far more amenable to surgical correction.

Treatment

Surgery for chronic pancreatitis is indicated for disabling pain
and obstruction of adjacent hollow viscera, commonly the
bile duct or duodenum. For surgery to be effective, an iden-
tifiable anatomical lesion amenable to correction must be 
present. Options in surgical management broadly include
drainage procedures, resective procedures, and nerve blocks.
Successful treatment in terms of pain relief is improved in
patients who cease alcohol and nicotine consumption.57

DISABLING PAIN

Pain is the usual reason for a patient with chronic pancreati-
tis to seek medical attention, and most treatment strategies
are oriented around its relief. The severity of pain is a major
factor in determining the advisability of surgery. In general,
surgery is indicated if the pain interferes with the patient’s
ability to work, is refractory to pancreatic enzyme therapy,
requires high doses of oral narcotics for control, and other
possible causes for pain have been excluded.

If the preoperative assessment has demonstrated a dilated
pancreatic duct (�6 mm diameter) with or without associated
strictures, a drainage procedure of the duct is indicated. Con-
versely, if the duct is small (�6 mm diameter), resectional
surgery should be considered. Because of the relatively poor re-
sults in this latter group of patients and the morbidity of pan-
creatic resection, it should be considered only as a last resort.

PANCREATIC DUCTAL DRAINAGE

In patients with disabling pain and ERCP evidence of a di-
lated pancreatic duct, pancreatic ductal drainage is the pro-
cedure of choice. The best operation is longitudinal pancre-
aticojejunostomy, also known as the modified Puestow
procedure (Fig. 18.4).58,59 In this operation, the anterior sur-
face of the pancreas is exposed, and the location of the duct
identified. The duct is opened longitudinally for most of its
length. Stones and debris are removed as possible. An anas-
tamosis is constructed between a Roux-en-Y limb of proxi-

2 0 6 CHAPTER 18



mal jejunum and the pancreatic duct, usually in two layers.
Operative mortality rates for this operation are low, ranging
from 0% to 4%. Relief of pain occurs in 80% to 90% of pa-
tients when assessed within the first year, and in most series
this is maintained at 5-year follow-up. Patients who cease
consuming alcohol clearly do better than those who persist.
Ductal drainage may prevent or delay further loss of exocrine
or endocrine function.60 Results from recent published series
with long-term (�5-year) follow-up are shown in Table 18.8.

Recent enthusiasm has been expressed for endoscopic
pancreatic ductal stent placement to relieve pain in chronic
pancreatitis. In early series, about 50% of patients experi-
enced clinical improvement in short-term follow-up.61,62 To
date, no randomized data exist to document a benefit of en-
doscopic stenting over standard therapy.

RESECTIONAL SURGERY FOR CHRONIC PANCREATITIS

In a subset of patients with disabling pain and chronic pan-
creatitis, resection is appropriate. In general, resection is fa-
vored only for those patients with small ducts in whom all
nonoperative measures have failed. Enthusiasm for resectional
surgery is tempered by the significant complication rates and
relatively poor long-term results. 
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FIGURE 18.4.  Longitudinal pancreaticojejunostomy (Puestow pro-
cedure). A 45-cm-long Roux-en-Y limb of jejunum is brought through
the mesocolon for a side-to-side anastamosis with the dilated pan-
creatic duct. This technique is useful in patients with chronic pan-
creatitis, pain, and a dilated ductal system. Results are poorer in
nondilated (�6-mm) ducts.

TABLE 18.8.

Results of Longitudinal Pancreaticojejunostomy for Chronic Pancreatitis (Level III Evidence).

Number of Operative
Reference patients mortality rate (%) Pain relief Comment

Partington, 7 0 Excellent in 4 of 7 Partington and Rochelle modified 
Cleveland, patients the Puestow procedure by creating a
196058 longitudinal anastamosis between

the pancreas and jejunum
Warshaw, 10 0 8 of 10 with substantial Diabetes in 3 of 10 preoperatively 
Massachusetts relief and 5 of 10 postoperatively
General Hospital,
1980122

Prinz, Chicago, 100 4 80% Diabetes present preoperatively in 
1981123 30% and developed postoperatively 

in another 14%
Holmberg, 51 0 Good to excellent in 65% of drinkers Mean 8-yr follow-up
Sweden, 1985124 and 88% of abstinent patients
Munn, Chicago, 61 2 84% of patients obtained pain relief 39% of patients had pseudocysts
1987125

Bradley, Emory, 46 0 Good 28% 8 late deaths at mean follow-up of 
1987126 Fair 38% 69 months

Poor 34%
Nealon, Galveston, 41 0 Pain relief in 93% 87% of patients had postoperative 
1988127 weight gain; 16% had progression

of pancreatitis
Greenlee, Chicago, 50 2 Complete in 42% Follow-up, 7.9 years
1990128 Substantial in 40%
Adams, South 85 0 “Good” in 24% Diabetes requiring insulin in 23% 
Carolina, 1994129 “Fair” in 31% of patients

“Poor” in 45% 42% continued to drink
Narcotic dependence in 35%

Rios, 17 0 Poor 76% All with small duct disease
Charleston, 1988130

Lucas, Detroit, 124 2/124 Substantial in 39% Diabetes in 13/124 preop and 16/124
1999131 Complete in 61% postop



SPLANCHNICECTOMY, CELIAC GANGLIONECTOMY, 
AND PERCUTANEOUS CELIAC PLEXUS BLOCK

Nerve block or ablation procedures have had limited success
in the management of patients with chronic pancreatitis. 

OBSTRUCTION OF ADJACENT HOLLOW VISCERA

The most common adjacent hollow viscus affected by chronic
pancreatitis is the intrapancreatic portion of the common bile
duct, which occurs in 5% to 10% of patients.47 The usual
cause is fibrosis of the pancreatic parenchyma in the head of
the gland, although on occasion the obstruction is due to
pseudocyst. ERCP or MRCP examinations reveal the abnor-
mality. CT or MRI is helpful to exclude an underlying carci-
noma. Endoscopic papillotomy or stenting is seldom curative.
Jaundiced patients should be treated with choledochoduo-
denostomy. Thought should be given to the possibility of car-
cinoma, and brushings and biopsies are obtained as warranted.

Pancreatic Pseudocysts

Pseudocysts are among the most common complications of
acute and chronic pancreatitis, occurring in 2% to 10% of pa-
tients.

Terminology

Pancreatic pseudocysts are abnormal collections of fluid aris-
ing in the setting of acute or chronic pancreatitis, or trauma;
they can be located within the substance of the pancreas, ad-
jacent to the gland, or even some distance away. An occa-
sional pseudocyst is found extending through the pelvis into
the groin or cephalad into the mediastinum. They contain
fluid rich in pancreatic secretions from a duct system dis-
rupted by inflammation or trauma, or obstructed by a stric-
ture or stone. Pseudocysts differ from true cysts in that they
lack an epithelial lining and have walls composed of adjacent
organs, fibrosis, and inflammatory granulation tissue.

Clinical Presentation

The most common symptom associated with pseudocysts is
abdominal pain, which is present in 80% to 90% of patients.
The pain can be associated with chronic pancreatitis, or can
persist or recur after a bout of acute pancreatitis. Nausea, vom-
iting, early satiety, and weight loss are also common. Physi-
cal examination may reveal abdominal tenderness, a palpable
epigastric mass (found in about 50% of patients), fever, jaun-
dice, and ascites. The presenting signs and symptoms can be
related to the mass effect of the pseudocyst itself, or from a
complication of the pseudocyst. Complications arising from
pseudocysts include hemorrhage, rupture, infection, or ob-
struction. Decisions regarding the advisability of treating a
pseudocyst must balance the possibility of spontaneous reso-
lution with observation against the risk of development of one
of these potentially life-threatening complications.

Treatment of Pseudocysts

Today, intervention for pseudocysts includes four main treat-
ment options: percutaneous drainage, endoscopic drainage, 

laparotomy with internal drainage, or laparoscopic internal
drainage. Occasionally, external drainage may be required via
laparotomy. Resection is rarely indicated.

Pancreatic Cancer

Background

Carcinoma of the pancreas is an uncommon tumor, consti-
tuting only 2% of newly reported malignancies in the United
States in 1995, but it accounts for 5% of cancer deaths.63

This rate makes pancreatic cancer the fourth leading cause
of cancer death in males and the fifth leading cause in fe-
males in the United States, behind lung, breast, prostate, co-
lorectal, and ovarian cancer. Surgery remains the only cura-
tive treatment.

The cause of pancreatic cancer is unknown.64 Only a hand-
ful of epidemiological factors have been associated with pan-
creatic cancer, and they play a role in a minority of patients.
Cigarette smoking, for example, is associated with a statisti-
cally significant increase in risk of pancreatic cancer, about
fourfold above nonsmokers.65 Chronic pancreatitis similarly is
associated with an increased risk.64,66 The relationship of dia-
betes to pancreas cancer is complex, as it may either be a pri-
mary risk factor or arise as a result of the cancer. Prior gas-
trectomy is a minor risk factor for pancreatic cancer.67

Progress in our understanding of the molecular basis of
cancer has helped define genetic abnormalities underlying
these tumors in some patients.68 Mutations in K-ras onco-
gene have been described in as many as 75% of patients.69,70

Other oncogenes, such as C-erb B-12, HER2/neu, and Bcl-2,
are also overexpressed in patients with pancreatic cancer.71,72

Loss of p53 tumor suppressor function may be present in one-
half of cases.70,71 Similarly, mutations of the p1673,74 and
DPC475 tumor suppressor genes have been described.

Clinical Presentation

Pancreatic cancer unfortunately develops insidiously, and
the majority of patients have advanced disease at the time
of diagnosis. About 70% of tumors develop in the head of
the gland, a location that often leads to stricture of the in-
trapancreatic portion of the common bile duct and the de-
velopment of jaundice. The typical yellow discoloration of
the sclera and skin is accompanied by dark, cola-colored
urine and pale, clay-colored stools. Pruritis is a common and
troubling symptom. In small, early tumors, the jaundice is
painless, but larger, advanced lesions invade retroperitoneal
nerves and cause abdominal and back pain. Weight loss is
common, particularly in advanced lesions. Diabetes occurs
in association with pancreatic cancer in about 20% of cases.76

In about 15% of cases, the tumor produces distortion of the
duodenum, causing symptoms suggestive of gastric outlet ob-
struction. Rarely, acute pancreatitis caused by pancreatic
duct obstruction is the first sign of the presence of the tu-
mor. Thus, in patients with acute pancreatitis and no clear
underlying inciting event such as gallstones or alcohol in-
gestion, ERCP is useful to exclude an anatomical lesion.77

Tumors of the body and tail do not typically involve the bile
duct and seldom present with jaundice. These tumors grow
until they involve splanchnic nerves, at which time the pa-
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tient experiences a dull, visceral pain in the epigastrium ra-
diating into the back.

Physical examination of the patient with pancreatic cancer
typically reveals jaundice. The tumor itself is rarely palpable.
Weight loss is often evident on examination. In body and tail
lesions, splenic vein thrombosis is common and splenomegaly
may be detected on examination. Advanced lesions may pre-
sent with lymphadenopathy palpable in the left supraclavicu-
lar fossa (Virchow’s node) or periumbilical area (Sister Mary
Joseph’s node). Carcinomatosis may reveal itself by the pres-
ence of ascites, palpable tumor in the omentum, or pelvic tu-
mor palpable on rectal examination (Blumer’s shelf). Extra-
abdominal signs of pancreatic cancer include deep venous
thrombosis and migratory thrombophlebitis.

Diagnostic Evaluation

In the typical patient with painless jaundice, the initial goal is
to differentiate obstructive jaundice from disorders of hepato-
cyte function, such as hepatitis. Evaluation of the liver func-
tion tests is helpful (Table 18.9). When the clinical picture and
pattern of blood test abnormality suggest obstructive jaundice,
an imaging study of the biliary tree should be obtained. The
two most commonly used screening studies today are ultra-
sound and computed tomography (CT). Ultrasound has the ad-
vantages of being easily obtainable, inexpensive, and highly ac-
curate for the diagnosis of gallstones. If the clinical suspicion
is of obstructive jaundice related to gallstone passage, a right
upper quadrant ultrasound is the best approach. On the other
hand, if the clinical picture is more suggestive of malignancy,
such as the elderly patient with a prolonged duration of symp-
toms, associated weight loss, and markedly elevated bilirubin,
CT has advantages over ultrasound. 

If the CT does not clearly identify the obstructing lesion,
ERCP usually identifies its location and extent in the bile
duct.78,79 Classically, pancreatic cancer is recognized at ERCP
by the “double duct sign” where the tumor, arising in the pan-
creatic duct, eventually grows to also obstruct the bile duct in

its intrapancreatic portion.80 The sensitivity of ERCP in the
diagnosis of pancreatic cancer is greater than 90%, but it should
be recognized that small tumors and lesions in the uncinate
process may be difficult to identify.

Today, magnetic resonance cholangiopancreatography
(MRCP) is finding a role in hepatopancreaticobiliary imag-
ing.48,55 As the quality of the images improves, MRCP has the
potential to replace diagnostic ERCP, as it is cheaper, safer,
and less invasive.

Endoscopic ultrasonography has high reported sensitivity
in the diagnosis of pancreatic cancer and can also help in stag-
ing, particularly in the assessment of the relationship of the
tumor to the superior mesenteric and portal veins.2,81 Di-
rected biopsies of the pancreatic head lesions for cytological
analysis can be obtained with an endoscopic needle, using en-
doscopic ultrasonography for guidance.

Additional staging studies may be warranted before treat-
ment is begun. All patients should have a chest X-ray to ex-
clude pulmonary metastases and occult cardiopulmonary dis-
ease that may affect the risk of operation. Nuclear medicine
bone scans are appropriate for patients with new onset of bone
pain. The frequency of bony metastases in the absence of ad-
vanced intraabdominal disease is low, however, making bone
scans unnecessary as a routine preoperative measure. Simi-
larly, head CT examinations to exclude brain metastases are
indicated in patients with new onset of neurological symp-
toms, but are unnecessary as a routine screening test.

Positon emission tomography (PET scanning) using la-
beled fluorodeoxyglucose-18 (18FDG) has a potential role in
identifying occult metastatic disease before treatment in pa-
tients with pancreatic cancer.

Treatment of Patients with Pancreatic Cancer

PREOPERATIVE BILIARY DRAINAGE

The development of transhepatic and endoscopic techniques
for biliary drainage in the 1980s led to the hypothesis that

PANCREAS 2 0 9

TABLE 18.9. Evaluation of Liver Function Tests in Jaundice.

Pattern in Pattern in
gallstone malignant
obstruction of obstruction of
the biliary the biliary Pattern in

Test Source tree tree acute hepatitis

Total bilirubin Red blood cell Elevated, but Elevated, Elevated
destruction, typically less commonly
hepatocyte than 10 mg/dl more than 10
processing mg/dl

Direct bilirubin Conjugation by Elevated Markedly Mildly
hepatocytes elevated elevated

Indirect Red blood cell Minimally Elevated Elevated
bilirubin turnover, elevated

hepatocyte
processing

Alkaline Biliary Elevated Markedly Minimally
phosphatase epithelial cells elevated elevated

and bone
Transaminases Hepatocytes Minimally Minimally Markedly

elevated elevated elevated
Gamma Biliary Elevated Markedly Minimally
glutamyl epithelial cells elevated elevated
transferase



preoperative drainage would improve the outcome of major
biliary surgery. Results of those trials were disappointing, in
that in general no reduction in operative morbidity or mor-
tality was achieved with preoperative drainage (Table 18.10).
These data suggest that, as a routine, preoperative drainage
is not advisable.

RESECTION WITH CURATIVE INTENT

Surgical resection is the only potentially curative treatment
for pancreatic cancer. For lesions arising in the head of the
gland, the four main surgical options are the standard Whip-
ple pancreaticoduodenectomy, pylorus-preserving pancreati-
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TABLE 18.10.

Studies Examining Preoperative Biliary Decompression before Resective Surgery for Periampullary Cancer.

Operative
Reference Patient group Morbidity mortality rate Comment

Level I Evidence
(Randomized, controlled 
trials)

Hatfield, 1982132 Preop transhepatic Similar postoperative 14% Mean 12 days of 
drainage (n � 29) complication rates in the preop drainage. 
No drainage (n � 28) two groups. Substantial No significant

complications associated 15% improvement in
with drain placement. outcome.

McPherson, Royal Preop transhepatic 5 patients required 32% Mean 18 days of
Postgraduate Medical drainage (n � 34) surgery for drainage. No 
School, 1984133 No drainage (n � 31) complications of preop significant 

drainage 19% improvement in 
outcome.

Pitt, UCLA, 1985134 Preop transhepatic Overall morbidity 57% 8.1% Hospital stay �
drainage (n � 37) 31 days
No drainage (n � 38) Overall morbidity 53% 5.3% Hospital stay �

23 days
(p � 0.005)

Lygidakis, 1987135 Preop endoscopic Decreased biliary 0% Mean delay in 
drainage (n � 19) pressure, biliary surgery of 11 days 
No drainage (n � 19) infection, bacteremia, with preop drainage. 

and blood loss in preop 10% This trial suggests 
drainage group benefit of drainage.

Lai, Hong Kong, Preop endoscopic 37% 13.9% Stent insertion
1994136 drainage (n � 43) successful in 37 

and effective in 
Surgery alone (n � 44) 41% (ns) 13.6% (ns) 25 patients 

No apparent benefit 
of preop drainage

Level III Evidence
(Large, prospective, 
uncontrolled case series)

Trede, Mannhein, Resection in 285 Relaparotomy for 3.1% No improvement 
1988137 patients complications in 15% with preop 

Preoperative drainage Pancreatic fistula in 9%. drainage
in 82 patients Postop hemorrhage in

5.6%
Bakkevold, Norway, Total patients � 472 43% in patients 11% in patients Prospective study.
1993138 Resection � 108 undergoing resection undergoing Preoperative 

Palliative surgery � 252 23% in patients after resection drainage had no 
Preop drainage � 35 palliative surgery 14% in patients impact on the 

after palliative outcome of 
surgery surgery

Karsten, Amsterdam, Total patients � 241 Overall complication 6% Bacterial contam-
1996139 Preop drainage � 184 rate 57%, 56% with ination of bile 

and 61% without preop increased with
drainage (p � 0.4) preop drainage

Povoski, Memorial Preoperative biliary 41% (p � 0.014) 8% (p � 0.037) Retrospective review.
Sloan-Kettering, 1999140 drainage (n � 126) Logistic regression

No preoperative showed increased
drainage (n � 114) 25% 3% mortality rate with

preoperative drainage



codudenectomy, total pancreatectomy, and regional pancrea-
tectomy. No convincing evidence demonstrates a survival ad-
vantage of one over another of these options. For lesions in
the body and tail of the gland, distal pancreatectomy is the
preferred approach.

The standard operation for periampullary malignancy,
popularly known as the Whipple procedure, involves en bloc
resection of the head of the pancreas to the neck overlying
the portal vein, the duodenum, gallbladder, intrapancreatic
portion of bile duct, and antrum with their associated lymph
nodes. Reconstruction is via pancreaticojejunostomy, chole-
dochojejunostomy, and gastrojejunostomy (Fig. 18.5). Case se-
ries of the pylorus preserving modification of this procedure
have now shown survival rates that do not appear inferior to
those following standard Whipple resection.82,83

The rationale for total pancreatectomy for carcinoma of
the head of the pancreas is to eliminate multifocal disease,
achieve wider lymphadenectomy, avoid spillage of tumor
cells during transection of the pancreas, and avoid postoper-
ative leakage from the pancreatic anastamosis. These theo-
retical advantages have not translated into improved opera-
tive mortality or long-term survival. 

Regional pancreatectomy for carcinoma of the pancreas,
including en bloc total or subtotal pancreatectomy with rad-
ical lymph node dissection and portal vein resection have not
indicated that survival with this approach is superior to that
achieved with standard resection.

It remains unclear whether or not extended lymph-
adenectomy alone improves survival in pancreatic cancer. 

ADJUVANT RADIATION AND CHEMOTHERAPY

The effect of adjuvant therapy on cure rates in pancreatic can-
cer is controversial.84 It is known that about half of resected pa-
tients recur regionally in the absence of distant metastases, sug-
gesting a potentially important role for postoperative adjuvant
radiation therapy.85 However, no conclusive studies support this
approach. Similarly, intraoperative radiation therapy has been
examined as an adjunct to resection and postoperative exter-
nal beam radiation, but no data conclusively show a survival
benefit.86,87 In some trials intraoperative radiotherapy has
been associated with high complication rates that may obvi-
ate any beneficial effects on tumor growth.88 In unresectable
patients, intraoperative radiation therapy may improve local
tumor control and pain management.

Preliminary studies have examined the safety of preoper-
ative (neoadjuvant) radiation and chemotherapy in patients
with potentially resectable carcinoma of the pancreas.89,90 No
randomized data have been published. Recent data suggest
that locoregional control of tumor is enhanced by preopera-
tive chemoradiation but that the majority of patients still suc-
cumb to systemic disease.90,91

CANCER OF THE PANCREATIC BODY AND TAIL

Typically, patients with adenocarcinoma of the body and tail
of the gland present with advanced disease, oft times unre-
sectable, and have poor prognosis. The resectability rate aver-
ages 10%. In general, patients with body and tail lesions should
be approached in the same manner as those with the more com-
mon lesion of the head of the gland; those without evidence of
metastatic disease or vascular invasion should be considered
candidates for resection. Preliminary laparoscopy may be use-
ful in identifying occult liver or peritoneal metastases and avoid-
ing unnecessary laparotomy.

PALLIATIVE TREATMENT

The majority of patients with pancreatic cancer present with
either locally advanced disease or metastases, making cure
impossible at the present time. In this group of patients, the
treatment goal is palliative. Palliative treatment has two main
goals: first, to improve the quality of the patient’s life and,
second, to increase lifespan. Quality of life is markedly af-
fected by cancer pain, as well as by complications of the tu-
mor such as biliary or gastric obstruction. Asymptomatic pa-
tients cannot be made to feel better by aggressive, ill-advised
therapy.

PAIN RELIEF

Careful attention should be paid to pain relief, as evidence
suggests that survival is prolonged when pain is well con-
trolled.92 Nonsteroidal antiinflammatory agents, oral and
transdermal narcotics, and celiac plexus blocks are the main
strategies. 
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FIGURE 18.5.  Pancreaticoduodectomy. A. Localized tumors of the
head of the pancreas, proximal duodenum, and distal bile duct are
treated with pancreaticoduodenectomy. The classic operation in-
cludes an en bloc distal gastrectomy, duodenectomy, cholecystec-
tomy, bile duct excision, and pancreatic head resection. Smaller tu-
mors not involving the region of the first part of the duodenum can
be treated with a pylorus-preserving resection in which the antrum
and pylorus are spared. B. Reconstruction following resection typi-
cally includes pancreaticojejunostomy, choledochojejunostomy, and
duodenojejunostomy.



RELIEF OF BILIARY OBSTRUCTION

Biliary obstruction is a common presentation of pancreatic
malignancy. Options in palliation include surgical bypass, en-
doscopic stenting, and transhepatic stenting. Patients expected
to live longer than 6 months, or those requiring gastroje-
junostomy for duodenal obstruction, are probably best treated
operatively. Those with widespread metastatic disease, and es-
pecially those with ascites and carcinomatosis, are best treated
with stents.

RELIEF OR PREVENTION OF DUODENAL OBSTRUCTION

Duodenal obstruction occurs in 10% to 20% of patients
with pancreatic cancer.93 The main palliative method is gas-
trojejunostomy, which can be accomplished laparoscopically
or via open laparotomy. Data suggest that prophylactic gas-
trojejunostomy is indicated in patients with unresectable 
periampullary malignancy undergoing laparotomy. For patients
with known unresectable tumors complicated by gastric out-
let obstruction, laparoscopic gastrojejunostomy is a reasonable
option. No randomized, controlled data comparing open to la-
paroscopic bypass are available. Endoscopic duodenal stenting
can be considered for patients at high risk for surgery.

PROLONGATION OF SURVIVAL

Palliative radiation and chemotherapy have a limited role in pa-
tients with unresectable pancreatic cancer. A number of
chemotherapy regimens for patients with advanced pancreatic
cancer have been studied, but objective response rates are
low.94,95 The role of radiation therapy in patients with unre-
sectable pancreatic cancer is controversial.

Prognosis

A number of clinical and pathological factors have been
shown to significantly predict prognosis. Recent series sug-
gest 5-year survival is possible in about 20% of resected pa-
tients (Table 18.11).

CLINICAL FACTORS

SYMPTOMS

Pancreatic cancer tends to grow insidiously, making late pre-
sentation common. Features on presentation such as back
pain, abdominal pain, and weight loss suggest an advanced
lesion, making resection less likely. Deep jaundice is known
to increase the operative risk, but does not appear to affect
long-term survival if the cancer is resectable.96–98 Other fea-
tures, such as abdominal pain, steatorrhea, and throm-
bophlebitis, have not been shown to influence long-term sur-
vival.97 Weight loss, long duration of symptoms, and the
presence of anemia, while implying long-standing disease,
were not predictors of long-term survival by univariate analy-
sis if the patient could undergo resection.96

BLOOD TRANSFUSION

A significant association between the use of perioperative
blood transfusion and poorer survival has been identified. The
reason for this relationship is not certain, but it has been pro-
posed that blood transfusion induces immunosuppression,
which increases the risk of tumor recurrence.

DEMOGRAPHICS

Patient demographic factors do not play strong roles in pre-
dicting prognosis following treatment of pancreatic cancer.

EFFECT OF RESIDUAL DISEASE

In large series of patients with pancreatic cancer, one of the
strongest factors predicting survival is complete resection.83,99

Population studies show that resection offers survival rates ap-
proximately twofold greater than palliative bypass procedures.100

PATHOLOGICAL FACTORS

HISTOLOGICAL TYPE

Ductal adenocarcinoma is the most common type of pancre-
atic cancer, accounting for 90% to 95% of cases. Pancreatic
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TABLE 18.11.

Survival Following Pancreaticoduodenectomy for Pancreatic Adenocarcinoma: Recent Trials.

Number of Operative
Reference patients mortality (%) Median survival Five-year survival Comments

Trede, 1990, n � 118 0 Not reported 36% in 76 patients with One of the best reports of
Mannheim141 R0(�) resections; survival for pancreatic

actual survival � 25% adenocarcinoma
Nitecki, Mayo n � 186 3 17.5 months 6.8% (23% in subgroup 12 patients initially classified
Clinic, 199598 with negative nodes) as ductal adenocarcinoma 

found to have other 
diagnoses on re-review
Mean follow-up � 22 months

Nagakawa, n � 53 9.4 13 months 27.4% Survival for GI cancers 
Japan, 1996142 tends to be better in Japan 

than in Western series
Conlon, Memorial n � 118 3.4 14.3 months 10.2% Resection for cure possible
Sloan-Kettering, in 17% of all patients
1996143

Yeo, Johns n � 174 0.6 19.5 months with Five-year survival not Apparent improvement in
Hopkins, 1997144 adjuvant therapy; reported (36% 2-year survival with adjuvant

13.5 months survival) chemoradiation
without



ductal adenocarcinoma is thought to arise directly from duc-
tal epithelium, progressing through dysplasia and carcinoma
in situ to invasive carcinoma, and its growth pattern typically
includes the formation of ductal structures. A number of sub-
types of ductal adenocarcinoma have been described, includ-
ing mucinous noncystic carcinoma, signet ring cell carci-
noma, adenosquamous carcinoma, mixed ductalendocrine
carcinoma, and anaplastic carcinoma. No significant differ-
ences in biological behavior or prognosis among different sub-
types of ductal carcinoma have been identified.101

Certain other histological types of epithelial tumors of the
pancreas are regarded as being both morphologically and bio-
logically distinct from ductal adenocarcinoma. Included in this
group are carcinomas with acinar cell differentiation (i.e., aci-
nar cell carcinoma, acinar cell cystadenocarcinoma, and mixed
acinar-endocrine carcinoma) and tumors with neuroendocrine
differentiation (i.e., tumors formerly known as islet cell tumors
and now more commonly termed pancreatic endocrine tu-
mors). Acinar cell carcinomas are typically associated with ag-
gressive biological behavior and poor prognosis. Pancreatic en-
docrine tumors vary widely in their biological behavior from
benign to highly virulent but lack reliable histological indica-
tors of malignancy. Also included in this group of unique ep-
ithelial malignancies are intraductal mucinous papillary carci-
noma and mucinous cystadenocarcinoma, both of which are
associated with a better overall prognosis compared to ductal
adenocarcinoma. Intraductal papillary-mucinous carcinoma
(known clinically as mucinous ductal ectasia) is a pancreatic
ductal neoplasm that displays indolent behavior compared to
typical ductal adenocarcinoma. Mucinous cyst-adenocarcino-
mas also appear to arise in most cases from benign precursor
lesions called mucinous cystic neoplasms (mucinous cystade-
nomas). Arguably, the overall favorable prognosis of mucinous
cystadenocarcinomas compared to ductal adenocarcinoma may
be related to earlier clinical presentation secondary to symp-
toms created largely by the precursor lesion.

HISTOLOGICAL GRADE

Grading of ductal adenocarcinomas is somewhat subjective,
and reports on the prognostic significance of histological grade
in pancreatic cancer often conflict. In most studies, a three- or
four-tiered grading system is usually employed, as follows:
grade 1 � well differentiated; grade 2 � moderately differenti-
ated; grade 3 � poorly differentiated; and grade 4 � undifferen-
tiated. Histological grade is an expression of the relative de-
gree of structural and functional differentiation of the tumor
and is typically based on the amount of gland (duct) formation
and mucin production. In one multivariate analysis in which
histological grade was found to have independent prognostic
significance, the 5-year survival was 50% for well-differenti-
ated carcinomas and 10% for poorly differentiated carcino-
mas.102

PATHOLOGICAL TUMOR STAGE

The stage of disease is currently the most powerful predictor
of outcome among all defined prognostic factors in pancre-
atic cancer. The recognition of the direct strong relationship
between stage of disease and outcome led to the development
of the TNM staging system (Table 18.12).103 Currently, the
observed postoperative 5-year survival following resection is
about 38%, 15%, 10%, and 4% for stages I, II, III, and IV, re-
spectively.104

Cystic Tumors of the Pancreas

Cystic tumors of the pancreas are relatively uncommon, but
are important, both because they generally have a better prog-
nosis than solid pancreatic tumors and because they can be
confused with pancreatic pseudocysts. Overall, about 80% of
pancreatic cystic lesions are pseudocysts, and the minority,
about 20%, are the lesions discussed in this section. Pseudo-
cysts can generally be distinguished from other cystic lesions
by the clinical situation in which they arise and by their ra-
diographic appearance. When the clinician is uncertain as to
the nature of the lesion, biopsy of the cyst wall with exami-
nation of its lining for epithelial elements is useful, as these
elements are absent in pseudocysts but present in other cys-
tic lesions. Cyst fluid analysis has limited usefulness in dis-
tinguishing among the diagnostic possibilities.105,106

Simple (Congenital) Cysts
Simple cysts are thought to be congenital and are usually
found in children. They have no malignant potential. In
adults, they cannot reliably be differentiated from mucinous
cystadenomas radiographically; thus, when identified, they
are best treated with excision.

Retention Cysts
Cysts can occur from obstruction of the pancreatic duct, as in
pancreatitis, with progressive dilatation of the obstructed seg-
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TABLE 18.12. AJCC Definition of TNM and Stage Groupings for
Staging of Pancreatic Adenocarcinoma.

Primary Tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ*
T1 Tumor limited to the pancreas 2 cm or less in greatest 

dimension
T2 Tumor limited to the pancreas, more than 2 cm in 

greatest dimension
T3 Tumor extends beyond the pancreas but without in-

volvement of the celiac axis or the superior mesen-
teric artery

T4 Tumor involves the celiac axis or the superior mesen-
teric artery

Regional Lymph Nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis

Distant Metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

*This also includes the “PanInIII” classification
Stage Grouping
0 Tis N0 M0
IA T1 N0 M0
IB T2 N0 M0
II T3 N0 M0
IIB T1 N1 M0

T2 N1 M0
T3 N1 M0

III T4 Any N M0
IV Any T Any N M1

Source: Used with permission of the American Joint Committee on Cancer
(AJCC), Chicago, IL. The original source for this material is the AJCC Cancer
Staging Manual, 6th Ed., published by Springer-Verlag, www.springer-ny.com.
The above classification will be implemented in January 2003.



ment of duct. Most arise in the setting of chronic pancreatitis
with ductal stricture or, less commonly, from an obstructing
pancreatic cancer. Communication with the ductal system
may be evident on endoscopic retrograde cholangiopancre-
atography.

Polycystic Disease of the Pancreas

Multiple pancreatic cysts can be present in association with
polycystic kidney and liver disease, cystic fibrosis, and von
Hippel–Lindau disease. About 10% of patients with polycys-
tic kidney disease have pancreatic cysts, which generally are
small, asymptomatic, and do not require specific treatment. 

Serous Cystadenoma

Serous cystadenomas are benign cystic tumors, seen most of-
ten in middle-aged women, that average about 6 cm in size at
the time of presentation. Symptoms commonly include vague
abdominal pain. Jaundice and weight loss are rare. Radiographic
assessment is key to their diagnosis. By ultrasonography, they
generally appear as a complex low-density mass composed of
multiple small cysts separated by fine septae. Computed to-
mography shows a similar appearance and may identify a cen-
tral stellate calcification in a “sunburst” pattern. Treatment is
excision; formal pancreatectomy is generally not required.

Mucinous Cystic Neoplasms

Mucinous cystic neoplasms are important to differentiate
from serous cystadenomas because of the potential for malig-
nancy in the former. The clinical presentation is similar to
serous cystadenomas, with an apparent female preponderance.
Most patients present with nonspecific abdominal pain, bloat-
ing, or an incidentally discovered mass. Jaundice is uncom-
mon. Ultrasonography or computed tomography shows a large
cystic mass similar in appearance to a pseudocyst. Unlike
pseudocysts, however, patients with mucinous cystic neo-
plasms do not generally have a history of acute or chronic pan-
creatitis.107

Treatment of mucinous cystic neoplasms is resection, in-
cluding a margin of normal pancreas. The prognosis is gener-
ally good. In about 25% of cases, areas of malignancy will be
identified in the cyst wall. Overall survival appears to be
about 70% at 5 years.

Cystadenocarcinoma

Cystadenocarcinoma is the end stage of mucinous cystic neo-
plasm. These lesions tend to present as bulky cystic masses
with irregular walls in the head or body of the pancreas. These
lesions do not tend to be as invasive as typical ductal adeno-
carcinoma, and even bulky lesions may not invade the por-
tal vein or hepatic artery. Treatment is resection. In the re-
cent French multiinstitutional review of cystic neoplasms,
the 5-year survival rate for patients with cystadenocarcinoma
of the pancreas was 63%.108

Solid and Cystic Papillary Neoplasm 
of the Pancreas

This papillary neoplasm is a rare lesion, typically arising in
young women. The lesions tend to be large, averaging 10 cm

in diameter. Most patients present with abdominal pain, and
in many cases the lesions are confused with pseudocysts. Jaun-
dice is rare. Computed tomography shows a large mass with
heterogeneous solid and cystic components. Treatment is re-
section.

Intraductal Papillary Mucinous Tumors

This is a rare lesion, but increasingly recognized today. Most
patients present with features of pancreatitis, probably from
ductal obstruction. Computed tomography demonstrates a
cystic pancreatic mass, which may represent either ductal dis-
tension or an associated mucinous cystic neoplasm. Endo-
scopic retrograde cholangiopancreatography is key to the di-
agnosis, and reveals extrusion of mucous through the papilla,
a dilated and irregular ductal system, and filling defects
within the duct.

Treatment of intraductal papillary mucinous tumor is
with surgical recection. Although some cases have success-
fully been treated with local excision, because of its malig-
nant potential, formal pancreatectomy is the preferred option.
The prognosis is good, with better long-term survival than
typical ductal adenocarcinoma.109,110

Other Tumors

Pancreatic Lymphoma

Pancreatic lymphomas are rare, especially as an isolated 
lesion.111,112 More commonly, the pancreas is involved in non-
Hodgkin’s lymphoma as an incidental part of advanced in-
traabdominal and extraabdominal disease. Pancreatic lym-
phomas tend to present as bulky lesions with nonspecific
symptoms, such as abdominal pain. These tumors respond fa-
vorably to radiation and chemotherapy. Thus, suspicion of such
a lesion warrants percutaneous fine-needle aspiration biopsy,
as a diagnosis of lymphoma makes surgical resection unnec-
essary.

Adenosquamous Carcinoma

These tumors are rare, accounting for about 1% of pancreatic
tumors. They are also known as squamous carcinoma of the
pancreas, adenoacanthomas, or mucoepidermoid cancers. Gen-
erally, these lesions cannot be distinguished from the more
common ductal adenocarcinoma on the basis of clinical or ra-
diographic criteria. Treatment is resection, but the prognosis
is poor. In a recent review of the reported literature, summa-
rizing 134 patients, the average survival was only 5.7
months.113 Radiation and chemotherapy appear relatively in-
effective.

Pancreatic Sarcomas

Pancreatic sarcomas are rare lesions, usually presenting as a
bulky solid lesion in the body of the gland. Metastatic disease
is commonly present at the time of diagnosis. Radical distal
pancreatectomy and splenectomy is warranted for lesions in
the body and tail of the gland. Pancreaticoduodenectomy is in-
dicated for lesions of the head of the gland.

2 1 4 CHAPTER 18



References

1. Skandalakis LJ, Rowe JS, Jr., Gray SW, et al. Surgical embryol-
ogy and anatomy of the pancreas. Surg Clin North Am 1993;
73(4):661–697.

2. Brugge WR, Van Dam J. Pancreatic and biliary endoscopy. N
Engl J Med 1999;341:1808–1816.

3. Cotton PB. Pancreas divisum—curiosity or culprit? Gastroen-
terology 1985;89(6):1431–1435.

4. Debas HT, Mulvihill SJ. Neuroendocrine design of the gut. Am
J Surg 1991;161(2):243–249.

5. Kozarek RA, Ball TJ, Patterson DJ, et al. Endoscopic approach
to pancreas divisum. Dig Dis Sci 1995;40(9):1974–1981.

6. Bernard JP, Sahel J, Giovannini M, et al. Pancreas divisum is a
probable cause of acute pancreatitis: a report of 137 cases [see
comments]. Pancreas 1990;5(3):248–254.

7. Delhaye M, Engelholm L, Cremer M. Pancreas divisum: con-
genital anatomic variant or anomaly? Contribution of endo-
scopic retrograde dorsal pancreatography. Gastroenterology
1985;89(5):951–958.

8. Richter JM, Schapiro RH, Mulley AG, et al. Association of pancreas
divisum and pancreatitis, and its treatment by sphincteroplasty of
the accessory ampulla. Gastroenterology 1981;81(6):1104–1110.

9. Murakami G, Hirata K, Takamuro T, et al. Vascular anatomy
of the pancreaticoduodenal region: a review. J Hepato-Biliary-
Pancreatic Surg 1999;6(1):55–68.

10. Furukawa H, Iwata R, Moriyama N, et al. Blood supply to the
pancreatic head, bile duct, and duodenum. Arch Surg 1999;134:
1086–1090.

11. Pansky B. Anatomy of the pancreas. Emphasis on blood supply
and lymphatic drainage. Int J Pancreatol 1990;7(1–3):101–108.

12. Liddle RA. Regulation of cholecystokinin secretion by intralu-
minal releasing factors. Am J Physiol 1995;269(3):G319–G327.

13. Nelson MT, Debas HT, Mulvihill SJ. Vagal stimulation of rat
exocrine pancreatic secretion occurs via multiple mediators.
Gastroenterology 1993;105(1):221–218.

14. Mulvihill SJ, Bunnett NW, Goto Y, et al. Somatostatin inhibits
pancreatic exocrine secretion via a neural mechanism. Metabo-
lism 1990;39(9 suppl 2):143–148.

15. Bank, PA. Practice guidelines in acute pancreatitis. Am J Gas-
troenterol 1997;92:377–386.

16. Bradley ELD. A clinically based classification system for acute
pancreatitis. Summary of the International Symposium on
Acute Pancreatitis, Atlanta, GA, September 11–13, 1992. Arch
Surg 1993;128(5):584–590.

17. Allam BF, Imrie CW. Serum ionized calcium in acute pancre-
atitis. Br J Surg 1977;64(9):665–668.

18. Goodman AJ, Neoptolemos JP, Carr-Locke DL, et al. Detection
of gall stones after acute pancreatitis. Gut 1985;26(2):125–132.

19. Ranson JH, Rifkind KM, Turner JW. Prognostic signs and non-
operative peritoneal lavage in acute pancreatitis. Surg Gynecol
Obstet 1976;143(2):209–219.

20. Ranson JH, Rifkind KM, Roses DF, et al. Prognostic signs and
the role of operative management in acute pancreatitis. Surg Gy-
necol Obstet 1974;139(1):69–81.

21. De Sanctis JT, Lee MJ, Gazelle GS, et al. Prognostic indicators
in acute pancreatitis: CT vs APACHE II. Clin Radiol 1997;52(11):
842–848.

22. Balthazar EJ, Freeny PC, vanSonnenberg E. Imaging and inter-
vention in acute pancreatitis. Radiology 1994;193(2):297–306.

23. Balthazar EJ, Robinson DL, Megibow AJ, et al. Acute pancreati-
tis: value of CT in establishing prognosis. Radiology 1990;174(2):
331–336.

24. Steinberg W, Tenner S. Acute pancreatitis. N Engl J Med
1994;330(17):1198–1210.

25. Sarr MG, Sanfey H, Cameron JL. Prospective, randomized trial
of nasogastric suction in patients with acute pancreatitis.
Surgery (St. Louis) 1986;100(3):500–504.

26. Soper NJ, Brunt LM, Callery MP, et al. Role of laparoscopic
cholecystectomy in the management of acute gallstone pancre-
atitis. Am J Surg 1994;167(1):42–50.

27. Tang E, Stain SC, Tang G, et al. Timing of laparoscopic surgery
in gallstone pancreatitis. Arch Surg 1995;130(5):496–499.

28. Carr-Locke DL. Role of endoscopy in gallstone pancreatitis. [Re-
view.] Am J Surg 1993;165(4):519–521.

29. Miller RE, Kimmelstiel FM, Winkler WP. Management of com-
mon bile duct stones in the era of laparoscopic cholecystectomy.
Am J Surg 1995;169(2):273–276.

30. Karimgani I, Porter KA, Langevin RE, et al. Prognostic factors
in sterile pancreatic necrosis [see comments]. Gastroenterology
1992;103(5):1636–1640.

31. Gerzof SG, Banks PA, Robbins AH, et al. Early diagnosis of pan-
creatic infection by computed tomography-guided aspiration.
Gastroenterology 1987;93(6):1315–1320.

32. Uomo G, Visconti M, Manes G, et al. Nonsurgical treatment of
acute necrotizing pancreatitis. Pancreas 1996;12(2):142–148.

33. Ho HS, Frey CF. Gastrointestinal and pancreatic complications
associated with severe pancreatitis. Arch Surg 1995;130(8):817–
822; discussion 822–883.

34. Beger HG, Büchler M, Bittner R, et al. Necrosectomy and post-
operative local lavage in necrotizing pancreatitis. Br J Surg
1988;75(3):207–212.

35. Mithofer K, Fernandez-del Castillo C, Ferraro MJ, et al. Antibi-
otic treatment improves survival in experimental acute necro-
tizing pancreatitis. Gastroenterology 1996;110(1):232–240.

36. Golub R, Siddiqi F, Pohl D. Role of antibiotics in acute pancre-
atitis: a meta-analysis. J Gastrointest Surg 1998;2(6):496–503.

37. Bittner R, Block S, Büchler M, et al. Pancreatic abscess and in-
fected pancreatic necrosis. Different local septic complications
in acute pancreatitis. Dig Dis Sci 1987;32(10):1082–1087.

38. vanSonnenberg E, Wittich GR, Chon KS, et al. Percutaneous radi-
ologic drainage of pancreatic abscesses. AJR 1997;168(4):979–984.

39. Bradley ELD, Allen K. A prospective longitudinal study of ob-
servation versus surgical intervention in the management of
necrotizing pancreatitis. Am J Surg 1991;161(1):19–24; discus-
sion 24–25.

40. Frey DF. Management of necrotizing pancreatitis [see com-
ments]. West J Med 1993;159(6):675–680.

41. Fernandez-del Castillo C, Rattner DW, Makary MA, et al. De-
bridement and closed packing for the treatment of necrotizing
pancreatitis. Ann Surg 1998;228(5):676–684.

42. Bradley ELD. Mangement of infected pancreatic necrosis by open
drainage. Ann Surg 1987;206(4):542–550.

43. Stanten R, Grey CF. Comprehensive management of acute
necrotizing pancreatitis and pancreatic abscess. Arch Surg 1990;
125(10):1269–1274; discussion 1274–1275.

44. Tsiotos GG, Luque-de Leon E, Seoreide JA, et al. Management
of necrotizing pancreatitis by repeated operative necrosectomy
using a zipper technique. Am J Surg 1998;175(2):91–98.

45. Stroud WH, Cullom JW, Anderson MC. Hemorrhagic complica-
tions of severe pancreatitis. Surgery (St. Louis) 1981;90(4):657–665.

46. Shea JA, Berlin JA, Escarce JJ, et al. Revised estimates of diag-
nostic test sensitivity and specificity in suspected biliary tract
disease. Arch Intern Med 1994;154(22):2573–2581.

47. Steer ML, Waxman I, Freedman S. Chronic pancreatitis. N Engl
J Med 1995;332(22):1482–1490.

48. DiMagno EP. A short, eclectic history of exocrine pancreatic in-
sufficiency and chronic pancreatitis. Gastroenterology 1993;104(5):
1255–1262.

49. Freedman SD, Sakamoto K, Venu RP. GP2, the homologue to the
renal cast protein uromodulin, is a major component of intraduc-
tal plugs in chronic pancreatitis. J Clin Invest 1993;92(1):83–90.

50. Schmiegel W, Burchert M, Kalthoff H, et al. Immunochemical
characterization and quantitative distribution of pancreatic
stone protein in sera and pancreatic secretions in pancreatic dis-
orders [see comments]. Gastroenterology 1990;99(5):1421–1430.

PANCREAS 2 1 5



51. Sarles H, Camarena J, Bernard JP, et al. Two forms of hereditary
chronic pancreatitis. Pancreas 1996;12(2):138–141.

52. Luetmer PH, Stephens DH, Ward EM. Chronic pancreatitis: re-
assessment with current CT. Radiology 1989;171(2):353–357.

53. Lankisch PG, Otto J, Erkelenz I, et al. Pancreatic calcifications:
no indicator of severe exocrine pancreatic insufficiency. Gas-
troenterology 1986;90(3):617–621.

54. Barish MA, Yucel EK, Ferrucci JT. Magnetic resonance cholan-
giopancreatography. N Engl J Med 1999;341(4):258–264.

55. Soto JA, Barish MA, Yucel EK, et al. Magnetic resonance cholan-
giography: comparison with endoscopic retrograde cholangio-
pancreatography [see comments]. Gastroenterology 1996;110(2):
589–597.

56. Axon AT, Classen M, Cotton PB, et al. Pancreatography in
chronic pancreatitis: international definitions. Gut 1984;25(10):
1107–1112.

57. Talamini G, Bassi C, Falconi M, et al. Pain relapses in the first
10 years of chronic pancreatitis. Am J Surg 1996;171(6):565–659.

58. Partington PF, Rochelle REL. Modified Puestow procedure for
retrograde drainage of the pancreatic duct. Ann Surg 1960;152:
1037–1043.

59. Puestow CB, Gillesby WJ. Retrograde surgical drainage of pancreas
for chronic relapsing pancreatitis. Arch Surg 1958;76:898–907.

60. Nealon WH, Thompson JC. Progressive loss of pancreatic func-
tion in chronic pancreatitis is delayed by main pancreatic duct
decompression. A longitudinal prospective analysis of the mod-
ified puestow procedure. Ann Surg 1993;217(5):458–466; discus-
sion 466–468.

61. Cremer M, Deviere J, Delhaye M, et al. Stenting in severe
chronic pancreatitis: results of medium-term follow-up in sev-
enty-six patients. Endoscopy 1991;23(3):171–176.

62. Ponchon T, Bory RM, Hedelius F, et al. Endoscopic stenting for
pain relief in chronic pancreatitis. Gastrointest Endosc 1995;
42(5):452–456.

63. Wingo PA, Tong T, Bolden S. Cancer statistics, 1995 [published
erratum appears in CA Cancer J Clin 1995;45(2):127–128]. CA:
Cancer J Clin 1995;45(1):8–30.

64. Haddock G, Carter DC. Aetiology of pancreatic cancer [see com-
ments]. Br J Surg 1990;77(10):1159–1166.

65. Olsen GW, Mandel JS, Gibson RW, et al. A case-control study
of pancreatic cancer and cigarettes, alcohol, coffee and diet. Am
J Public Health 1989;79(8):1016–1019.

66. Bansal P, Sonnenberg A. Pancreatitis is a risk factor for pancreatic
cancer [see comments]. Gastroenterology 1995;109(1):247–251.

67. van Rees BP, Tascilar M, Hruban RH, et al. Remote partial gas-
trectomy as a risk factor for pancreatic cancer: potential for pre-
ventive strategies. Ann Oncol 1999;10(4):204–207.

68. Hilgers W, Kern SE. Molecular genetic basis of pancreatic ade-
nocarcinoma. Genes Chromosomes Cancer 1999;26(1):1–12.

69. Berthelemy P, Bouisson M, Escourrou J, et al. Identification of K-
ras mutations in pancreatic juice in the early diagnosis of pancre-
atic cancer [see comments]. Ann Intern Med 1995;123(3):188–191.

70. Rall CJ, Yan YX, Graeme-Cook F, et al. Ki-ras and p53 mutations
in pancreatic ductal adenocarcinoma. Pancreas 1996;12:10–17.

71. Bold RJ, et al. Prognostric factors in resectable pancreatic can-
cer: p53 and Bcl-2. J Gastrointest Surg 1999;3:263–277.

72. Lei S, Appert HE, Nakata B, et al. Overexpression of HER2-neu
oncogene in pancreatic cancer correlates with shortened sur-
vival. Int J Pancreatol 1995;17(1):15–21.

73. Schutte M, Hruban RH, Geradts J, et al. Abrogation of the
Rb/p16 tumor-suppressive pathway in virtually all pancreatic
carcinomas. Cancer Res 1997;57(15):3126–3130.

74. Goldstein AM, Fraser MC, Struewing JP, et al. Increased risk of
pancreatic cancer in melanoma-prone kindreds with p161NK4
mutations [see comments]. N Engl J Med 1995;333(15):970–974.

75. Hahn SA, Schutte M, Hoque AT, et al. DPC4, a candidate tu-
mor suppressor gene at human chromosome 18q21.1. Science
1996;271(5247):350–353.

76. Gullo L, Pezzilli R, Morselli-Labate AM. Diabetes and the risk
of pancreatic cancer. Italian Pancreatic Cancer Study Group. N
Engl J Med 1994;331(2):81–84.

77. Venu RP, Geenen JE, Hogan W, et al. Idiopathic recurrent pan-
creatitis. An approach to diagnosis and treatment [see com-
ments]. Dig Dis Sci 1989;34(1):56–60.

78. Shimizu S, Kutsumi H, Fujimoto S, et al. Diagnostic endoscopic ret-
rograde cholangio-pancreatography. Endoscopy 1999;31(1):74–79.

79. Freeny PC, Bilbao MK, Katon RM. “Blind” evaluation of endo-
scopic retrograde cholangiopancreatography (ERCP) in the diag-
nosis of pancreatic carcinoma: the “double duct” and other signs.
Radiology 1976;119(2):271–274.

80. Plumley TF, Rohrmann CA, Freeny PC, et al. Double duct sign:
reassessed significance in ERCP. AJR 1982;138(1):31–35.

81. Rosch T, Braig C, Gain T, et al. Staging of pancreatic and am-
pullary carcinoma by endoscopic ultrasonography. Comparison
with conventional sonography, computed tomography, and an-
giography. Gastroenterology 1992;102(1):188–199.

82. Grace PA, Pitt HA, Longmire WP. Pylorus preserving pancre-
atoduodenectomy: an overview. Br J Surg 1990;77(9):968–974.

83. Lillemoe KD. Current management of pancreatic carcinoma.
Ann Surg 1995;221(2):133–148.

84. Ghaneh P, Kawesha A, Howes N, et al. Adjuvant therapy for
pancreatic cancer. World J Surg 1999;23(9):937–945.

85. Tepper J, Nardi G, Suit H. Carcinoma of the pancreas: review
of MGH experience from 1963–1973. Analysis of surgical fail-
ure and implications for radiation therapy. Cancer (Phila) 1977;
37:1519–1524.

86. Evans DB, Termuhlen PM, Byrd DR, et al. Intraoperative radia-
tion therapy following pancreaticoduodenectomy. Ann Surg
1993;218(1):54–60.

87. Zerbi A, Fossati V, Parolini D, et al. Intraoperative radiation ther-
apy adjuvant to resection in the treatment of pancreatic cancer.
Cancer (Phila) 1994;73(12):2930–2935.

88. Kasperk R, Klever P, Andreopoulos D, et al. Intraoperative radio-
therapy for pancreatic carcinoma. Br J Surg 1995;82(9):1259–1261.

89. Evans DB, Rich TA, Byrd DR, et al. Preoperative chemoradia-
tion and pancreaticoduodenectomy for adenocarcinoma of the
pancreas. Arch Surg 1992;127(11):1335–1339.

90. Evans DB, Pisters PW, Lee JE, et al. Preoperative chemoradia-
tion strategies for localized adenocarcinoma of the pancreas.
Journal of Hepato-Biliary-Pancreatic Surg 1998;5(3):242–250.

91. Staley CA, Lee JE, Cleary KR, et al. Preoperative chemoradia-
tion, pancreaticoduodenectomy, and intraoperative radiation
therapy for adenocarcinoma of the pancreatic head. Am J Surg
1996;171(1):118–124; discussion 124–125.

92. Lillemoe KD, Cameron JL, Kaufman HS, et al. Chemical
splanchnicectomy in patients with unresectable pancreatic can-
cer. A prospective randomized trial. Ann Surg 1993;217(5):
447–455; discussion 456–457.

93. Sarr MG, Cameron JL. Surgical management of unresectable car-
cinoma of the pancreas. Surgery (St. Louis) 1982;91(2):123–133.

94. Glimelius B. Chemotherapy in the treatment of cancer of the
pancreas. J Hepato-Biliary-Pancreatic Surg 1998;5(3):235–241.

95. Kelsen D. The use of chemotherapy in the treatment of advanced
gastric and pancreas cancer. Semin Oncol 1994;21(4):58–66.

96. Allema JH, Reinders ME, van Gulik TM, et al. Prognostic fac-
tors for survival after pancreaticoduodenectomy for patients
with carcinoma of the pancreatic head region. Cancer (Phila)
1995;75(8):2069–2076.

97. Mannell A, van Heerden JA, Weiland LH, et al. Factors influ-
encing survival after resection for ductal adenocarcinoma of the
pancreas. Ann Surg 1986;203(4):403–407.

98. Nitecki SS, Sarr MG, Colby TV, et al. Long-term survival after
resection for ductal adenocarcinoma of the pancreas. Is it really
improving? Ann Surg 1995;221(1):59–66.

99. Murr MM, Sarr MG, Oishi AJ, et al. Pancreatic cancer. CA: Can-
cer J Clin 1994;44(5):304–318.

2 1 6 CHAPTER 18



100. Bramhall SR, Allum WH, Jones AG, et al. Treatment and sur-
vival in 13,560 patients with pancreatic cancer, and incidence
of the disease, in the West Midlands: an epidemiological study
[see comments]. Br J Surg 1995;82(1):111–115.

101. Eskelinen M, Lipponen P. A review of prognostic factors in hu-
man pancreatic adenocarcinoma. Cancer Detect Prevent 1992;
16(5–6):287–295.

102. Geer RJ, Brennan MF. Prognostic indicators for survival after re-
section of pancreatic adenocarcinoma. Am J Surg 1993;165(1):
68–72.

103. Evans DB, et al. Part III Digestive System. In: Greene FL, Page
DL, Fleming ID, et al., eds. AJCC Cancer Staging Manual, 6th

Ed. New York: Springer-Verlag, 2002.
104. Yamamoto M, Saitoh Y, Hermanek P. Ch. 12, pp. 105–117. Ex-

ocrine pancreatic carcinoma. In: Hermanek P, et al. eds. Prog-
nostic Factors in Cancer. Berlin: Springer-Verlag, 1995.

105. Lewandrowski K, Warshaw A, Compton C. Macrocystic serous
cystadenoma of the pancreas: a morphologic variant differing
from microcystic adenoma. Hum Pathol 1992;23(8):871–875.

106. Hammel P, Levy P, Voitot H, et al. Preoperative cyst fluid analy-
sis is useful for the differential diagnosis of cystic lesions of the
pancreas. Gastroenterology 1995;108(4):1230–1235.

107. Martin I, Hammond P, Scott J, et al. Cystic tumours of the pan-
creas. Br J Surg 1998;85(11):1484–1486.

108. Le Borgne J, de Calan L, Partensky C. Cystadenomas and cyst-
adenocarcinomas of the pancreas: a multiinstitutional retro-
spective study of 398 cases. French Surgical Association. Ann
Surg 1999;230(2):152–161.

109. Rivera JA, Fernandez-del Castillo C, Pins M, et al. Pancreatic
mucinous ductal ectasia and intraductal papillary neoplasms. A
single malignant clinicopathologic entity. Ann Surg 1997;225(6):
637–644; discussion 644–646.

110. Loftus EV Jr, Olivares-Pakzad BA, Batts KP, et al. Intraductal
papillary-mucinous tumors of the pancreas: clinicopathologic
features, outcome, and nomenclature. Members of the Pancreas
Clinic, and Pancreatic Surgeons of Mayo Clinic. Gastroenterol-
ogy 1996;110(6):1909–1918.

111. Behrns KE, Sarr MG, Strickler JG. Pancreatic lymphoma: is it a
surgical disease? Pancreas 1994;9(5):662–667.

112. Bouvet M, Staerkel GA, Spitz FR, et al. Primary pancreatic lym-
phoma. Surgery (St. Louis) 1998;123(4):382–390.

113. Madura JA, Jarman BT, Doherty MG, et al. Adenosquamous car-
cinoma of the pancreas. Arch Surg 1999;134(6):599–603.

114. Neoptolemos JP, Carr-Locke DL, London NJ, et al. Controlled trial
of urgent endoscopic retrograde cholangiopancreatography and en-
doscopic sphincter-otomy versus conservative treatment for acute
pancreatitis due to gallstones. Lancet 1988;2(8618):979–983.

115. Fan ST, Lai EC, Mok FP, et al. Early treatment of acute biliary
pancreatitis by endoscopic papillotomy [see comments]. N Engl
J Med 1993;328(4):228–232.

116. Nitsche R, Fölsch UR, Lüdtke R, et al. Urgent ERCP in all cases
of acute biliary pancreatitis? A prospective randomized multi-
center study. Eur J Med Res 1995;1(3):127–131.

117. Sainio V, Kemppainen E, Puolakkainen P, et al. Early antibiotic
treatment in acute necrotising pancreatitis [see comments].
Lancet 1995;346(8976):663–667.

118. Pederzoli P, Bassi C, Vesentini S, et al. A randomized multi-
center clinical trial of antibiotic prophylaxis of septic compli-
cations in acute necrotizing pancreatitis with imipenem. Surg
Gynecol Obstet 1993;176(5):480–483.

119. Howes R, Zuidema GD, Cameron JL. Evaluation of prophylactic
antibiotics in acute pancreatitis. J Surg Res 1975;18(2):197–200.

120. Finch WT, Sawyers JL, Schenker S. A prospective study to de-
termine the efficacy of antibiotics in acute pancreatitis. Ann
Surg 1976;183(6):667–671.

121. Luiten EJ, Hop WC, Lange JF, et al. Controlled clinical trial of
selective decontamination for the treatment of severe acute pan-
creatitis. Ann Surg 1995;222(1):57–65.

122. Warshaw AL, Popp JW Jr, Schapiro RH. Long-term patency, pan-
creatic function, and pain relief after lateral pancreaticoduodenec-
tomy for chronic pancreatitis. Gastroenterology 1980;79(2):289–293.

123. Prinz RA, Greenlee HB. Pancreatic duct drainage in 100 patients
with chronic pancreatitis. Ann Surg 1981;194(3):313–320.

124. Holmberg JT. Chronic pancreatitis. Ann Surg 1985;160:3.
125. Munn JS, Aranha GV, Greenlee HB, et al. Simultaneous treat-

ment of chronic pancreatitis and pancreatic pseudocyst. Arch
Surg 1987;122(6):662–667.

126. Bradley ELD. Long-term results of pancreatojejunostomy in pa-
tients with chronic pancreatitis. Am J Surg 1987;153(2):207–213.

127. Nealon WH, Townsend CM Jr, Thompson JC. Operative
drainage of the pancreatic duct delays functional impairment in
patients with chronic pancreatitis. A prospective analysis. Ann
Surg 1988;208(3):321–329.

128. Greenlee HB, Prinz RA, Aranha GV. Long-term results of side-
to-side pancreaticojejunostomy. World J Surg 1990;14(1):70–76.

129. Adams DB, Ford MC, Anderson MC. Outcome after lateral pan-
creaticojejunostomy for chronic pancreatitis. Ann Surg 1994;
219(5):481–487; discussion 487–489.

130. Rios GA, Adams DB, Yeoh KG, et al. Outcome of lateral pan-
creaticojejunostomy in the management of chronic pancreatitis
with nondilated pancreatic ducts. J Gastrointest Surg 1998;
2(3):223–229.

131. Lucas CE, McIntosh B, Paley D, et al. Chronic pancreatitis.
Surgery (St. Louis) 1999;126:790.

132. Hatfield AR, Tobias R, Terblanche J, et al. Preoperative exter-
nal biliary drainage in obstructive jaundice. A prospective con-
trolled clinical trial. Lancet 1982;2(8304):896–899.

133. McPherson GA, Benjamin IS, Hodgson HJ, et al. Pre-operative
percutaneous transhepatic biliary drainage: the results of a con-
trolled trial. Br J Surg 1984;71(5):371–375.

134. Pitt HA, Gomes AS, Lois JF, et al. Does preoperative percuta-
neous biliary drainage reduce operative risk or increase hospital
cost? Ann Surg 1985;201(5):545–553.

135. Lygidakis NJ, van der Heyde MN, Lubbers MJ. Evaluation of pre-
operative biliary drainage in the surgical management of pan-
creatic head carcinoma [see comments]. Acta Chir Scand 1987;
153(11–12):665–668.

136. Lai EC, Mok FP, Fan ST, et al. Preoperative endoscopic drainage
for malignant obstructive jaundice. Br J Surg 1994;81(8):1195–1198.

137. Trede M, Schwall G. The complications of pancreatectomy. Ann
Surg 1988;207(1):39–47.

138. Bakkevold KE, Kambestad B. Morbidity and mortality after rad-
ical and palliative pancreatic cancer surgery. Risk factors influ-
encing the short-term results. Ann Surg 1993;217(4):356–368.

139. Karsten TM, Allema JH, Reinders M, et al. Preoperative biliary
drainage, colonisation of bile and postoperative complications
in patients with tumours of the pancreatic head: a retrospective
analysis of 241 consecutive patients. Eur J Surg 1996;162(11):
881–888.

140. Povoski SP, Karpeh MS Jr, Conlon KC, et al. Association of pre-
operative biliary drainage with postoperative outcome following
pancreaticoduodenectomy [see comments]. Ann Surg 1999;230(2):
131–142.

141. Trede M, Schwall G, Saeger HD. Survival after pancreatoduo-
denectomy. 118 consecutive resections without an operative
mortality. Ann Surg 1990;211(4):447–458.

142. Nagakawa T, Nagamori M, Futakami F, et al. Results of extensive
surgery for pancreatic carcinoma. Cancer (Phila) 1996;77(4):640–645.

143. Conlon KC, Klimstra DS, Brennan MF. Long-term survival af-
ter curative resection for pancreatic ductal adenocarcinoma.
Clinicopathologic analysis of 5-year survivors. Ann Surg 1996;
223(3):273–279.

144. Yeo CJ, Abrams RA, Grochow LB, et al. Pancreaticoduodenectomy
for pancreatic adenocarcinoma: postoperative adjuvant chemora-
diation improves survival. A prospective, single-institution expe-
rience. Ann Surg 1997;225(5):621–633; discussion 633–666.

PANCREAS 2 1 7



This page intentionally left blank 



Biliary System
Hobart W. Harris

Anatomy

In the extrahepatic biliary tree, the gallbladder (vesica fellea)
is a hollow, piriform (L., pear-shaped) organ, 7 to 10 cm in
length, approximately 4 cm in diameter, with a capacity of
30 to 60 ml (Fig. 19.1).

For descriptive purposes the gallbladder is divided into a
fundus, body, infundibulum, and neck. Attached to the liver
by loose areolar connective tissue, the portion of the gall-
bladder not embedded within the liver substance is covered
by visceral peritoneum. Small veins and lymphatics course
between the gallbladder fossa and the gallbladder wall, con-
necting the lymphatic and venous drainage of the two organs.
The shared lymphovascular drainage explains the spread of
gallbladder inflammation and carcinoma to the liver. In ad-
dition, a small accessory bile duct may drain directly into the
gallbladder (cholecystohepatic duct of Luschka) in a similar
manner. During a cholecystectomy these accessory ducts
should be identified and ligated, if present, to prevent post-
operative bile leaks.

The body of the gallbladder narrows toward the neck of
the organ known as the infundibulum. Major portions of the
body and infundibulum of the gallbladder are in juxtaposition
to the first portion of the duodenum and the transverse colon.
Inflammation of the gallbladder wall can result in the for-
mation of adhesions between the gallbladder and the adjacent
intestines, setting the stage for the creation of cholecystoen-
teric fistulas (e.g., a cholecystoduodenal fistula). The in-
fundibulum of the gallbladder is attached to the first part of
the duodenum by an avascular peritoneal reflection termed
the cholecystoduodenal ligament. This ligament is an infe-
rior extension of the hepatoduodenal ligament and can be
used during surgery as a landmark for the major vascular
structures of the hepatic hilum. The infundibulum joins the
cystic duct through the neck of the gallbladder, which is a
short S-shaped structure, frequently curved on itself. Pro-
truding from the lateral wall of the neck of the gallbladder,
there may be a dilatation termed Hartmann’s pouch. Pro-

jecting in an inferoposterior direction toward the duodenum,
gallstones frequently become lodged in this outpouching in
such a way that if this area becomes inflamed it may adhere
to and obstruct the cystic duct.

The cystic duct is a tubular structure attaching the gall-
bladder neck to the common hepatic duct. Its length varies
from 1 to 5 cm and its diameter from 3 to 7 mm. The mu-
cosa that lines the cystic duct is thrown into 4 to 10 spiral
folds, the spiral valves of Heister. These valves prevent the
ready passage of gallstones and excessive distension or col-
lapse of the cystic duct, despite wide variations in ductal pres-
sure. It is important to keep the cystic duct patent at all times
so that bile easily enters the gallbladder when the choledochal
sphincter is closed, and so that bile flows in the opposite di-
rection down into the duodenum when the gallbladder con-
tracts. The cystic duct may join the extrahepatic biliary tree
in a variety of ways, including an angular, parallel, or spiral
configuration.

A single cystic artery usually accomplishes the arterial
supply to the gallbladder, but in 12% of cases double cystic
arteries exist.1,2 The origin and course of the cystic artery are
highly variable; indeed, the course of this artery is one of the
most variable in the body. In the majority of cases (75%) the
cystic artery originates from the proximal right hepatic artery
and immediately divides into two branches: the superficial
branch, which runs along the peritoneal surface of the gall-
bladder, and the deep branch, which runs along the gallblad-
der fossa between the gallbladder and liver. The cystic artery
usually lies superior to the cystic duct and passes posterior
to the common hepatic duct. With this anatomical arrange-
ment, the common hepatic duct, the liver, and the cystic duct
define the boundaries of Calot’s triangle (see Fig. 19.1). Lo-
cated within this triangle are some structures of great im-
portance to the surgeon: the cystic artery, the right hepatic
artery, and the cystic duct lymph node. Calot’s node is often
involved with inflammatory or neoplastic disease of the gall-
bladder because this is one of the primary routes of lymphatic
drainage. 
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Unlike the arterial system, there are no named veins
draining the gallbladder. As previously mentioned, some of
the organ’s venous return passes directly into the liver across
the gallbladder fossa. The remaining venous drainage paral-
lels the cystic duct lymphatics forming venous networks
along the common bile duct before joining the portal venous
system. Occasionally patients with portal hypertension have
obvious varices in the area of the gallbladder and extrahe-
patic biliary tree.

Fibers from the sympathetic and parasympathetic nervous
systems innervate the gallbladder. Although the nerves sup-
plying the gallbladder and choledochal sphincter contribute
to overall gallbladder function, they are of no major clinical
significance and can be sacrificed without consequence. How-
ever, afferent sympathetic nerve fibers supplying the extra-
hepatic bile ducts include some pain fibers that are responsi-
ble for the referred epigastric and right upper quadrant
abdominal pain characteristic of biliary disease.

As depicted in Figure 19.1, the common bile duct results
from the confluence of the common hepatic and cystic ducts,
varies in length from 5 to 17 cm, and is normally 3 to 8 mm
in diameter, unless obstructed, when it can dilate to a diam-
eter in excess of 2 cm. The common bile duct can be divided
into four segments as a function of its anatomical relation-
ship to the duodenum and pancreas: the supraduodenal, retro-
duodenal, intrapancreatic, and intramural segments. En-
veloped within the peritoneal covering of the hepatoduodenal
ligament, the common bile duct generally lies anterolateral 
to the hepatic artery and portal vein, making it readily avail-
able for surgical manipulation (e.g., common bile duct ex-
ploration). The hepatoduodenal ligament is an important
anatomical landmark as it represents the right border of the
hepatogastric ligament (lesser omentum) and defines the an-
terior border of the epiploic foramen of Winslow connecting
the greater and lesser peritoneal cavities. In addition to yield-
ing entry to the lesser sac, the foramen of Winslow enables
the structures of the portal triad to be easily encircled and
compressed (Pringle maneuver). After the common duct de-
scends posterior to the first part of the duodenum, it travels
through the head of the pancreas, then for 1 to 2 cm obliquely
within the medial wall of the second portion of the duode-

num before forming a common channel with the main pan-
creatic duct (ampulla of Vater), which empties into the duo-
denal lumen through a mucosal papilla. The terminal portion
of the common bile duct is encircled by a combination of cir-
cular and longitudinal smooth muscle, which serve to con-
trol the entry of biliopancreatic secretions into the proximal
intestinal tract. This muscular structure, termed the chole-
dochalduodenal sphincter of Oddi, has a phasic resting tone
ranging from a baseline of approximately 13 mmHg to as high
as 200 mmHg. The contractile activity of the sphincter of
Oddi demonstrates a cyclical pattern that varies in relation-
ship to the intermittent myoelectric migratory complex
(IMMC) of the intestinal tract, with the majority (85%) of
peristaltic waves migrating in a caudal direction.

The common bile duct derives its blood supply not from
any named blood vessels but rather from a complex network
of interwoven small vessels derived predominantly from the
cystic and the posterior pancreaticoduodenal arteries. Because
there is no specific vessel to identify and preserve during dis-
sections of the common bile duct, this tubular structure is
vulnerable to ischemic injury. To avoid disrupting the fragile
inconstant blood supply to the duct and thus increase the risk
of postoperative bile leakage or stricture formation, it is crit-
ically important to not strip the common bile duct of the in-
vesting loose areolar tissue during its isolation and manipu-
lation. The nerve supply to the common duct is the same as
described for the gallbladder.

Physiology

The biliary tree is designed for the transport and storage of bile
produced in the liver by hepatocytes and destined for the duo-
denal lumen to participate in the digestion of foodstuffs. The
pattern of bile flow throughout the biliary tree differs when a
person is in the fasted versus the postprandial state. Under fast-
ing conditions, biliary tree motility and thus bile flow are reg-
ulated by the IMMC and approximated by the cyclical activ-
ity of the duodenum. Observations of the fasting gallbladder
over time have shown a predictable pattern of filling, followed
by gallbladder contraction and partial (15%–20%) emptying as-
sociated with increased plasma levels of motilin. The entero-
hepatic circulation of bile acids predominantly regulates the
overall production rate of bile by the liver. Thus, the rate of
hepatic bile synthesis is inversely proportional to the amount
of bile acid reclaimed from the terminal ileum and recycled to
the liver. Actual filling of the gallbladder results from the con-
tinuous production of bile by the liver in the face of a con-
tracted sphincter of Oddi. As the pressure within the common
bile duct exceeds that within the gallbladder lumen, hepatic
bile enters the gallbladder via retrograde flow through the cys-
tic duct, wherein it is rapidly concentrated.

Following a meal, the gallbladder contracts in response to
both a vagally mediated cephalic phase of activity and the re-
lease of cholecystokinin (CCK), the major regulator of gall-
bladder function. During the following 60 to 120 min, ap-
proximately 80% to 90% of gallbladder bile is steadily
emptied into the intestinal tract. CCK is localized to the prox-
imal small intestine, especially the duodenal epithelial cells,
where its release is stimulated by intraluminal fat, amino
acids, and gastric acid and inhibited by bile. In addition to
stimulating gallbladder contractions, CCK also acts to func-
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FIGURE 19.1.  Anatomy of the gallbladder and bile ducts. (Redrawn
with permission from Braasch and Tompkins. Surgical Diseases of
the Biliary Tract and Pancreas. Mosby-Yearbook Co., 1994)



tionally inhibit the normal phasic motor activity of the
sphincter of Oddi. By reducing the frequency and amplitude
of the basal contractions, the sphincteric mechanism relaxes
in coordination with gallbladder contraction, thus facilitating
the delivery of bile into the proximal small intestine. Gall-
bladder function is also influenced by other hormones, in-
cluding vasoactive intestinal polypeptide (VIP), somatostatin,
substance P, and norepinepherine. Both VIP and somatostatin
inhibit contraction of the gallbladder, consistent with their
inhibitory effects on gastrointestinal motility. The role of sub-
stance P, norepinepherine, and other neuropeptides in the reg-
ulation of gallbladder function remains to be elucidated.

Diagnosis

Clinically significant symptoms originating from biliary tract
pathology are common, and generally the result of obstruc-
tion, infection, or both. As is true with any hollow tubular
structure, the source of bile duct obstruction can be either
extramural (pancreatic cancer), intramural (cholangiocarci-
noma), or intraluminal (choledocholithiasis). Similarly, as
with infections elsewhere in the body, for an infection to de-
velop within the biliary tree requires the following three com-
ponents: a susceptible host, a sufficient inoculum, and stasis.
Given these basic principles, the most common symptoms
related to biliary tract disease are abdominal pain, jaundice,
fever, and a constellation of constitutional complaints, in-
cluding nausea, anorexia, weight loss, and vomiting.

Abdominal Pain

Gallstones and inflammation of the gallbladder are the most
frequent causes of abdominal pain resulting from biliary tract
disease. Acute obstruction of the gallbladder by calculi results
in biliary colic, a misnomer in that the pain is not colicky
but rather a constant abdominal pain typically localized to
the epigastrium or right upper quadrant. Although the pain
is often precipitated by eating fatty foods, it can also be trig-
gered by eating other types of food or even begin sponta-
neously. Unlike intestinal colic, which presents in episodic
waves lasting several minutes each, biliary colic is a more
constant pain, which gradually builds in intensity, and can
radiate to the back, interscapular region, or right shoulder.
Many patients describe the pain as a band- or beltlike con-
striction of the upper abdomen that may be associated with
nausea or vomiting. This recognizable type of abdominal pain
results from a normal gallbladder contracting against a lumi-
nal obstruction, such as a gallstone impacted in the neck of
the organ, the cystic duct, or common bile duct.

The pain of biliary colic is distinct from that associated
with acute cholecystitis. Although biliary colic can also be
localized to the right upper quadrant, the pain of acute chole-
cystitis is exacerbated by touch, somatic in nature, and often
associated with the systemic findings of fever and leukocy-
tosis. The transmural inflammation of the gallbladder pro-
vokes irritation of the adjacent visceral and parietal peritoneal
surfaces. Therefore, any increases in wall tension or tactile
pressure can stimulate nerve endings within the inflamed tis-
sue, as evidenced by a positive Murphy’s sign. This physical
finding, of a patient abruptly stopping their inspiratory effort
because of pain as the examiner palpates under the right costal

margin, is indicative of acute cholecystitis. The clinical im-
plication of acute cholecystitis is quite different than that of
biliary colic. Although biliary colic is an episodic, even un-
predictable functional disorder of the gallbladder that many
patients can live with for months to years, acute cholecysti-
tis involves irreversible organ injury and activation of a lo-
coregional inflammatory response, and it invariably requires
a definitive therapeutic intervention.

Jaundice

When the serum concentration of bilirubin exceeds approxi-
mately 2.5 mg/dl, a yellowish discoloration of the sclera be-
comes evident (scleral icterus). A similar discoloration of the
skin (jaundice) develops with serum bilirubin levels in excess
of 5 mg/dl. Under both circumstances the visible changes in
color represent the deposition of bile pigments in the affected
tissues. The rise in conjugated bilirubin (direct reacting) is in
contrast to the increased levels of unconjugated bilirubin (in-
direct reacting) observed with hepatocellular injury. Signifi-
cant elevations of the total serum bilirubin level are indica-
tive of common bile duct obstruction. 

Fever

Significant elevations in body temperature ($ 38.0°C) due to
biliary tract disease represent a systemic manifestation of
an initially localized inflammatory process. Bacterial cont-
amination of the biliary system is a common feature of
acute cholecystitis or choledocholithiasis with obstruction,
and is to be expected following percutaneous or endoscopic
cholangiography. The combination of right upper quadrant
abdominal pain, jaundice, and fever, known as Charcot’s
triad, signifies an active infection of the biliary system
termed acute cholangitis. Severely afflicted patients may
also display an altered mental status and hypotension (pen-
tad of Reynolds). Fever should be viewed as a signal that
an otherwise localized disease process has progressed to a
systemic illness.

Laboratory Tests

Simple biliary colic, in the absence of gallbladder wall pathol-
ogy or common bile duct obstruction, does not produce ab-
normal laboratory test values. On the other hand, obstructive
choledocholithiasis is commonly associated with an element
of both liver dysfunction and acute cellular injury with re-
sultant elevations in liver function tests. In addition to hy-
perbilirubinemia (see Jaundice, earlier), the magnitude of
which directly correlates with the severity and duration of the
biliary system blockade, an increased serum alkaline phos-
phatase level is virtually pathognomonic of bile duct ob-
struction. Serum transaminase (aspartate and alanine) levels
can also be mildly elevated in biliary system disease, either
because of direct injury of the liver adjacent to an inflamed
gallbladder or from the effect of biliary sepsis on hepatocellu-
lar membrane integrity. Leukocytosis with a predominance of
neutrophils is often present with acute cholecystitis or cholan-
gitis, but is a nonspecific finding that does not distinguish
these conditions from other infectious or inflammatory
processes within the abdomen.
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Radiographic Studies

ABDOMINAL RADIOGRAPHS

Although frequently obtained during the initial evaluation of
abdominal pain, plain radiographs of the abdomen are seldom
of significant diagnostic value. Only about 15% of gallstones
contain enough calcium to render them radiopaque and thus
visible on plain films of the abdomen. The most important
value of plain abdominal films is the exclusion of other po-
tential diagnoses, such as a perforated ulcer with free in-
traabdominal air or an intestinal obstruction with dilated
loops of bowel and multiple air–fluid levels.

ULTRASONOGRAPHY

Surface ultrasound of the abdomen is an extremely useful and
accurate method for identifying gallstones and pathological
changes in the gallbladder consistent with acute cholecysti-
tis. Abdominal ultrasound should be part of the routine eval-
uation of patients suspected of having gallstone disease, given
the high specificity (. 98%) and sensitivity (. 95%) of this
test for the diagnosis of cholelithiasis (Fig. 19.2). In addition
to confirming the presence of gallstones within the gallblad-
der, ultrasound can also detail various signs of acute chole-
cystitis (thickening of the gallbladder wall, pericholecystic
fluid) as well as gallbladder neoplasms.

COMPUTED TOMOGRAPHY (CT)

Although abdominal CT scanning is probably the most in-
formative single radiographic tool for examining intraab-
dominal pathology, its overall value for the diagnosis of bil-
iary tract disease pales in comparison to ultrasonography.
This disadvantage is largely because gallstones and bile ap-
pear nearly isodense on CT; that is, it is difficult to distin-
guish gallstones from bile, unless the stones are heavily cal-
cified. Therefore, CT documents the presence of gallstones
within the biliary tree and gallbladder with a sensitivity of
approximately 55% to 65%. However, abdominal CT is a

powerful tool for evaluating biliary tract diseases when the
differential diagnosis includes a question of hepatobiliary or
pancreatic neoplasm, liver abscess, or hepatic parenchymal
disease (e.g., biliary cirrhosis, organ atrophy).

CHOLANGIOGRAPHY

Defined as the mapping of bile ducts, cholangiography func-
tionally involves the installation of contrast directly into the
biliary tree and is the most accurate and sensitive method
available to anatomically delineate the intra- and extrahep-
atic biliary tree. A cholangiogram is indicated when the di-
agnosis or therapy depends on a precise knowledge of biliary
anatomy. Generally obtained to determine the location and
extent of an intraluminal obstruction, diagnostic cholan-
giograms can be performed percutaneously, endoscopically,
transabdominally (e.g., intraoperative cholangiogram), or
through the use of intravenous or oral contrast material taken
up and excreted by the liver into bile. Magnetic resonance
cholangiopancreatography (MRCP) is a recently developed, to-
tally noninvasive imaging technique that can provide detailed
anatomical information without the direct injection of con-
trast into the biliary system.3 MRCP obviates the need for
physically manipulating the patient, and thus promises to
combine the convenience of CT with the data quality of tra-
ditional cholangiograms. As this imaging method is new and
incompletely proven, its overall role in the diagnosis of bil-
iary system disease awaits further experience.

SCINTIGRAPHY

Biliary scintigraphy is useful to visualize the biliary tree, as-
sess liver and gallbladder function, and diagnose several com-
mon disorders with a sensitivity and specificity of 90% to
97%.4 Although an excellent test to decide whether the com-
mon bile and cystic ducts are patent, biliary scintigraphy does
not identify gallstones or yield detailed anatomical informa-
tion.

ORAL CHOLECYSTOGRAPHY

Instead of using a radiolabeled pharmaceutical, patients are
given oral contrast pills 12 to 16 hours before the exam, dur-
ing which time the peroral contrast material is absorbed by
the small intestine, cleared by the liver, excreted into bile, and
concentrated within the gallbladder. Subsequently, the gall-
bladder and common bile duct are visualized using traditional
abdominal radiographs. Oral cholecystography generates im-
ages with much greater clarity and resolution than scintigra-
phy, but requires more planning to perform and yields less dy-
namic information.

Calculous Disease

Pathogenesis

CLASSIFICATION OF GALLSTONES

There are three types of gallstones: cholesterol, pigment, and
mixed cholesterol and pigment stones. The distribution and
location of biliary calculi varies throughout the world, un-
doubtedly reflecting different risk factors for their formation.
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FIGURE 19.2.  Ultrasonography of the gallbladder. The sonographic
signs of gallstones include visible stones that produce acoustic shad-
owing (white arrow) and which move with the patient. (Courtesy of
the Department of Radiology, UCSF.)



In patients in the United States and most westernized coun-
tries, approximately 75% of gallstones are of the mixed type,
15% are pigment stones, and the remaining 10% pure cho-
lesterol. The stones are most commonly located within the
gallbladder, but can on occasion be found within the com-
mon bile duct or the liver or to have migrated into the in-
testinal tract. These findings are in stark contrast to those in
other regions of the world, such as Southeast Asia, where the
majority of biliary calculi are of the pigment variety and are
most commonly located within the liver itself and not the
gallbladder. Such variation also applies to the overall inci-
dence of gallstone disease. In the United States about 12% of
the population has cholelithiasis, with more than 950,000
new cases diagnosed each year, while in East Africa and other
selected Third World countries the incidence is as low as 2%
to 3%. The risk of developing biliary calculi throughout
America and Western Europe is directly proportional to a per-
son’s age and sex. While children and adolescents rarely have
gallstones, by the seventh decade of life 10% of men and 25%
of women have documented cholelithiasis.

CHOLESTEROL-ENRICHED GALLSTONE FORMATION

The exact mechanism by which gallstones are formed is not
fully understood, but calculi are likely the result of a complex,
multifaceted alteration in hepatobiliary function (Table 19.1).

CHOLESTEROL-SUPERSATURATED BILE

An early event in the process of gallstone formation is a change
in the composition of bile, specifically a relative increase in
the cholesterol content. Normally bile is an isotonic combi-
nation of water, electrolytes, and organic macromolecules that
is actively secreted by the liver. Designed to aid in the solu-
bilization (emulsification) and subsequent absorption of di-
etary fats, the solute composition of bile includes bile salts,
cholesterol, and phospholipids, predominantly phosphatidyl-
choline (lecithin). As the molar ratio of cholesterol relative to
either bile salts or phospholipid deviates from a relatively nar-
row range, the cholesterol solubilization capacity of bile is ex-
ceeded, resulting in rapid cholesterol crystal formation.

GALLSTONE NUCLEATION

Once bile has become supersaturated with cholesterol, the
formation of a cholesterol-enriched gallstone presumably be-
gins with a nucleation event. The precipitation of crystalline
cholesterol is thought to occur via either the fusion or im-
plosion of cholesterol-rich vesicles.5,6 A variety of different
crystal shapes have been recently identified in bile samples
from numerous patients with gallstones.7 These distinct cho-
lesterol structures, including arcs/needles, spirals, tubes, and
plates, may represent different stages in the nucleation
process, as well as the existence of different cholesterol crys-
tallization pathways.

GALLBLADDER AND FOREGUT MOTILITY

Gallbladder stasis has long been associated with the forma-
tion of gallstones. Beyond the intuitive sense that a stagnant
pool of supersaturated bile must promote nucleation and
stone growth, there is a growing body of data to support the
concept. Specifically, investigators have demonstrated that
the volume of bile flow through the gallbladder during the
postprandial period is dramatically reduced and leads to a
large, flaccid gallbladder.8,9 Furthermore, women with gall-
stones were found to have significantly longer whole-gut
transport times with only half the stool output as compared
to stone-free patients.

GENDER AND GENES

Gallstone disease is more common in women than in men at
virtually all stages of life. Because this gallstone gender gap
narrows by the eighth and ninth decades of life, it is likely the
result of estrogen-induced changes in biliary lipid metabolism
and gallbladder function. In the United States, the typical pa-
tient with symptomatic gallstones is “female, forty, fat and
fair.”

The role of heredity in biliary calculous disease is not well
understood, but the importance of genetics as a risk factor for
gallstones is evident in studies of family history. A history of
cholelithiasis in a first-degree relative doubles a person’s risk
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TABLE 19.1. Clinical Risk Factors Associated with Cholesterol Gallstones.

Risk factor Pathogenesis

Age Gallstone formation is a time-dependent process; 40 is the typical age
at clinical diagnosis; possible age-related decrease in the conversion of
cholesterol to bile salts

Gender Female:male ratio 5 3:1; estrogens increase the uptake of plasma 
cholesterol by the liver with subsequent increased bile cholesterol 
saturation.

Race and ethnicity High-risk: Pima Indians, other Native Americans, Hispanics, Whites
Low-risk: Black Africans and African-Americans

Genetics Increased relative risks if parents, siblings, or first-degree relatives have
gallstones

Obesity Increased activity of hydroxy-methyl-glutaryl-CoA (HMG) reductase
leads to increased cholesterol synthesis and bile cholesterol saturation

Crohn’s disease Decreased ileal resorption of bile salts
Total parenteral nutrition Gallbladder stasis and distension; risk exacerbated in patients with

Crohn’s disease
Rapid weight loss Intestinal bypass surgery and low-calorie, high-protein diets associated

with high incidence of gallstones because of decreased bile salt secre-
tion and gallbladder stasis



of developing gallstones, and this genetic risk factor is great-
est with a parental history of biliary calculi.10

BILE CALCIUM

Calcium was not originally thought to contribute to the for-
mation of cholesterol stones, but recent studies have identi-
fied calcium carbonate within the core of these stones. Also,
there are data showing that increased biliary calcium can pro-
mote cholesterol crystallization and gallstone nucleation via
an unknown mechanism.

OBESITY

While the pathogenic mechanism linking obesity to cho-
lelithiasis is unclear, it may involve alterations in lipid bio-
genesis with increased cholesterol synthesis. Regardless of
mechanism, the relative risk of gallstones increases dramat-
ically with morbid obesity.

Pigment Stones

While only about 15% of gallstones in the United States are
pigment stones, this type of biliary calculus is the predomi-
nant variety throughout the world. The sine qua non of pig-
ment stones is their high concentration of bilirubin combined
with low cholesterol content. These stones are usually mixed
with a substantial amount of calcium bilirubinate and can be
further categorized as either black or brown as a function of
their gross appearance. Considerably less is known regarding
the pathogenesis of pigment versus cholesterol-enriched gall-
stones, but some clinical and in vitro studies suggest that bil-
iary infection and stasis play critical roles in their develop-
ment.

Gallbladder Sludge and Microcalculi

Generally identified via abdominal sonography, sludge ap-
pears as echogenic material within the gallbladder that lay-
ers in the dependent area of the gallbladder yet does not gen-
erate the postacoustic shadows characteristic of gallstones.
Commonly seen following prolonged fasting, sludge is
thought to represent bile that has become very concentrated
within a relative static gallbladder. Although the natural his-
tory of gallbladder sludge is not known, it is not considered
a pathological finding as it generally resolves with resump-
tion of an oral diet.

Clinical Syndromes

Gallstone disease continues to be a major health care prob-
lem in the United States and throughout selected parts of the
world. There are more than 26 million Americans with gall-
stones and, although most of these people are asymptomatic,
more than 700,000 cholecystectomies are performed each
year. The total annual cost of medical care for patients suf-
fering from biliary calculous disease is estimated at more than
7 billion dollars. Still, not all gallstones require treatment. In
fact, in the majority of patients (60%–80%) gallstones are
completely asymptomatic. However, once symptoms develop
patients are at risk for a wide range of problems, ranging from
simple biliary colic to ascending cholangitis and septic shock.

ASYMPTOMATIC GALLSTONES

Data from several longitudinal studies reveal that approxi-
mately 10% to 20% of patients with silent gallstones go on
to develop symptoms, most commonly biliary colic.11–14 Se-
rious symptoms or complications such as acute cholecystitis
develop in these patients at a rate of 1% to 3% per year. These
observations, combined with the fact that only 0.5% to 1.0%
of patients die of complications from their silent gallstones,
strongly suggest that asymptomatic gallstones generally fol-
low a benign course. Therefore, there is little role for the pro-
phylactic medical or surgical treatment of asymptomatic gall-
stones. These interventions should be reserved for those
patients who have experienced significant clinical symptoms,
a calcified (porcelain) gallbladder, or gallbladder polyps.

ACUTE CHOLECYSTITIS

One of the most common complications of symptomatic gall-
stones that requires surgical intervention is acute cholecys-
titis. This condition is thought to result from impaction of a
gallstone in the cystic duct or neck of the gallbladder, thereby
completely obstructing the organ. Consequently, the gall-
bladder becomes distended and somehow initiates a localized
acute inflammatory reaction. The exact pathogenesis of acute
cholecystitis is not well delineated, but the clinical syndrome
begins with biliary colic-type pain. Biliary colic typically re-
solves over several hours, but the pain of acute cholecystitis
persists and intensifies over days. Initially the pain is vague
and visceral in nature, but as the acute inflammation of the
gallbladder becomes transmural, the visceral and adjacent
parietal peritoneal coverings become irritated. At this point
the patient’s discomfort is no longer vague and diffuse, but
localizes to the right upper quadrant and is associated with
guarding and rebound tenderness. As described earlier, the
classical physical finding of acute cholecystitis is a positive
Murphy’s sign (inspiratory arrest on palpation of the right up-
per quadrant). Patients may also complain of nausea and vom-
iting, anorexia, and a low-grade fever. In many cases the phys-
ical exam reveals a mass in the right upper quadrant. This
mass or “phlegmon” represents the body’s effort to wall off
and compartmentalize the inflamed gallbladder using adja-
cent organs, including the greater omentum, first portion of
the duodenum, and right colon.

Laboratory abnormalities are nonspecific, but may reveal
a mild leukocytosis and minor elevations in the liver func-
tion tests. The diagnosis is confirmed via abdominal ultra-
sound, with the findings of gallbladder wall thickening and
pericholecystic fluid being virtually pathognomonic. For fur-
ther confirmation, the ultrasonographer can demonstrate a
“sonographic Murphy’s sign.” With the ultrasound transducer
placed directly over the distended gallbladder, the sonogra-
pher presses down in an effort to recreate the patient’s dis-
comfort. The source of pain from the gallbladder can thus be
distinguished from other conditions, such as liver tenderness
or hepatitis. Severe forms of acute cholecystitis can result in
gallbladder empyema, wherein the organ is filled with puru-
lent bile and debris, and emphysematous cholecystitis, which
is characterized by necrosis and gas within the wall of the
gallbladder. The latter condition typically occurs in diabetic
patients and demands aggressive decompression of the gall-
bladder to avoid gallbladder perforation, intraabdominal ab-
scess formation, and progressive sepsis.
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Once the diagnosis is confirmed the patient is rehydrated,
any metabolic abnormalities corrected, and pain is controlled
with analgesics. There is a commonly cited concern regarding
the use of morphine and other opiates in the setting of biliary
tract disease. These drugs can have a hypertensive effect on
the sphincter of Oddi and thus potentially exacerbate a pa-
tient’s condition. Despite the data in support of this con-
tention, clinical practice suggests that completely avoiding the
use of opiates in patients with biliary system disease is gener-
ally unnecessary. Definitive treatment involves removal of the
inflamed and irreversibly damaged gallbladder and its contents.
Historically surgeons recommended that the patient’s gall-
bladder be allowed to “cool down” before performing a chole-
cystectomy, theoretically allowing the acute inflammation to
resolve and thus render the procedure less technically de-
manding. The results of several randomized, controlled trials
comparing early versus delayed surgery for acute cholecystitis
in more than 1000 patients is presented in Table 19.2. As a re-
sult of these data, it is now generally accepted that early chole-
cystectomy (within 24–48 h of making the diagnosis) is not
only technically feasible but the preferred method of treatment
as it effectively short circuits the illness. Although there is an
increase in the morbidity rate for early as compared to delayed
surgery (21.0% versus 16.5%, respectively), the complications
are generally minor and the overall mortality rated is reduced.
Furthermore, patients return to normal activities more quickly,
they avoid the risk of recurrent gallbladder symptoms while
awaiting surgery, and the total cost of the illness is re-
duced.15–20 As with open cholecystectomy, several prospective
randomized, controlled trials have also confirmed the advan-
tage of early versus delayed laparoscopic surgery for acute
cholecystitis provided the surgeon is experienced.21,22

CHOLEDOCHOLITHIASIS

Choledocholithiasis represents gallbladder stones that have
migrated into the common bile duct via the cystic duct,
stones which were left in the common duct following bili-
ary tract surgery (retained stones), or stones that originated
within the intra- or extrahepatic bile ducts primarily (Fig.
19.3). The overall incidence of choledocholithiasis is difficult
to know, but up to 15% of patients who undergo gallbladder
surgery are found to have common duct stones.

Specific clinical syndromes and biochemical tests can sug-
gest the presence of common duct stones, but they are de-
finitively identified by radiographic evaluation of the biliary
tree, including cholangiography. Considering the frequency
with which calculi are found during cholecystectomy surgery,
to avoid exposing every patient to the risks and costs of an
intraoperative cholangiogram, a series of relative indications
for performing this test have been developed. Indications for
cholangiography include palpable choledocholithiasis, a di-
lated common bile duct, elevated liver function tests, or a re-
cent history of jaundice, cholangitis, or pancreatitis.

CHOLANGITIS

In 1877, Charcot described the triad of abdominal pain, fever,
and jaundice in patients suffering from cholangitis. This con-
stellation of findings is most commonly caused by an ob-
structing stone lodged in the distal common bile duct. Of
note, cholangitis is a potentially life-threatening infection
that can rapidly progress from mild fever and malaise to full-

blown septic shock and multisystem organ failure over a mat-
ter of hours. The clinical volatility of this condition results
from the relative ease with which bacteria and endotoxin un-
der pressure can reflux from the bile duct lumen, cross the
canalicular membrane, and enter the systemic circulation. Be-
yond supportive measures and antibiotics, the treatment for
cholangitis must include decompression of the obstructed 
biliary system. Recent prospective, randomized trials have
shown that endoscopic decompression is associated with
lower morbidity and mortality rates than open surgical pro-
cedures.23–26 Another potentially serious clinical conse-
quence of choledocholithiasis is acute (gallstone) pancreati-
tis. Discussed in greater detail elsewhere in this book,
common duct stones can initiate a dysregulated inflamma-
tory reaction in the pancreas by an incompletely understood
mechanism.

The appropriate treatment for choledocholithiasis is en-
tirely dependent on the clinical circumstances but generally
entails removal of the common duct calculi and the gall-
bladder. Of note, small common duct stones (, 5–6 mm in di-
ameter) will likely spontaneously pass into the intestinal tract
and therefore do not require treatment.27,28 Stones discovered
at the time of gallbladder surgery should be removed and a
choledochostomy (T-tube) tube placed for 2 to 6 weeks. If
common duct stones are identified in the perioperative pe-
riod (i.e., before or after the cholecystectomy), then they can
frequently be removed either endoscopically or percuta-
neously.

GALLSTONE ILEUS

Biliary calculi can produce many different symptoms, in-
cluding changes in bowel function and motility. In addition
to the nonspecific nausea and vomiting occasionally observed
with simple biliary colic and frequently associated with acute
cholecystitis, a gallstone ileus represents a unique type of
small-bowel obstruction. As previously mentioned, during
acute cholecystitis the body attempts to compartmentalize
the inflammatory process by surrounding it with adjacent soft
tissues. The resultant phlegmon is composed of omentum and
nearby bowel, including the duodenum. If the inflammatory
process is of sufficient intensity and duration, then the dis-
eased gallbladder can form a fistulous communication with
adjacent hollow organs. This process most commonly results
in a cholecystoduodenal fistula, but can also involve the
colon, stomach, or more distal segments of the small intes-
tine. The gallstones responsible for a gallstone ileus are large,
generally greater than 2 to 3 cm in diameter. When a stone
of this size enters the intestinal tract through a cholecys-
toenteric fistula, it migrates distally until either it exits the
rectum or becomes lodged in the narrowest segment of the
bowel, the terminal ileum. The typical patient is an elderly
woman with previous biliary colic who now presents with a
“tumbling” bowel obstruction. The diagnosis of gallstone
ileus should be suspected in patients presenting with bowel
obstruction in the absence of an incarcerated hernia or a his-
tory of prior abdominal surgery. Treatment entails an ex-
ploratory laparotomy to not only remove the stone causing
the obstruction, but to carefully inspect the remainder of the
small intestine for additional calculi. Simultaneous removal
of the gallbladder is ill advised. The gallbladder rarely (, 4%
of patients) causes future symptoms, and the morbidity and
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Level of
Reference n Study design evidence Complications Mortality Findings/comments

Linden and 140 Randomized, I Early: 14.3% Early: 0% More than two-thirds of patients randomized 
Sunzel 1970,15 controlled Delayed: 3.4% Delayed: 0% to early surgery underwent operation 
Sweden trial within 10 days of diagnosis

Low mortality in part the result of 
excluding 3 high-risk, elderly patients

Noted that 17% of patients randomized 
to delayed surgery ultimately refused  
operation once acute symptoms resolved

No difference in technical difficulty 
between early and delayed operations 
when the surgeon was experienced

Early surgery (paradoxically) resulted in 
a 2-day-longer average length of stay,  
but fewer extended hospitalizations

Concluded that early surgery avoids the hazards
of diagnostic error, symptom recurrence 
during the waiting period, and shortened 
the convalescence period after early surgery

McArthur et al. 35 Randomized, I Early: 40.0% Early: 0% Early surgery defined as immediately 
197516 controlled Delayed: 29.4% Delayed: 0% following confirmation of the diagnosis
England trial Reported no overall difference in the technical 

difficulty of early versus delayed cholecys-
tectomy, but recommended that early sur- 
gery take place within 5 days of diagnosis

Most complications were minor infections;
Concluded that the major benefits of early 

surgery are the shortened hospitalization 
and the avoidance of the serious complica-
tions of conservative management, including 
gallbladder perforation and empyema.

Lahtinen et al. 100 Randomized, I Early: 29.7% Early: 0% Noted a technically easier operation, shorter 
1978,17 controlled Delayed: 47.7% Delayed: 9% OR time (70 vs. 79 min), reduced wound 
Finland trial infection rate (6% vs. 18%), and shorter

postoperative hospital LOS (12 vs. 15 days) 
for early vs. delayed surgery

High complication rates in both groups pre-
dominantly related to localized or systemic 
infection

Authors recommend early surgery
Norrby et al. 192 Randomized, I Early: 14.9% Early: 0% Early surgery defined as operation within 7 

1983,19 controlled, Delayed: 15.4% Delayed: 1.1% days of symptoms
Sweden multicenter, Studied patients # 75 years old, randomized 

trial by odd vs. even birthdays
Complications were similar between the two 

groups, but early surgery reduced hospital 
length of stay by . 6 days.

Sianesi et al. 471 Retrospective III Early: 18.5% Early: 0% Study combined retrospective and prospective 
1984,20 (1970–77) and Delayed: 15% Delayed: 1.6% data, collected over 12 years, during which 
Italy prospective time patient management evolved

(1977–82) Reported low incidence of biliary infection, 
data low morbidity and mortality, and shorter 

hospitalization period
Authors recommend early surgery, within 

48–72 h of diagnosis
Ajao et al. 81 Retrospective III Early: 41% Early: 2.6% Retrospective review over 12 months, com-

1991, Delayed: 12.5% Delayed: 0% pared early (# 48 h) versus delayed (7–14 
Nigeria days) surgery

Prohibitive rate of complications reported
early surgery including 7 (18%) common bile
duct injuries; only complications reported
were wound infections (23%) and duct injuries

Authors recommend delayed surgery, recom-
mendations seemingly specific to the practice
environment and level of surgical experience

Summary/totals 1019 — — Early: 21.0% Early: 0.2% Early surgery was technically more challenging 
Delayed: 16.5% Delayed: 1.8% with a higher complication rate, but shorter 

hospital stay and convalescence, more rapid 
return to work, and lower overall mortality 
than delayed surgery for acute cholecystitis

TABLE 19.2.

Clinical Trials Comparing Early versus Delayed Surgery for Acute Cholecystitis.



mortality of a frequently difficult prophylactic operation in
an elderly patient are greater than that of leaving the organ
in place.

ACALCULOUS CHOLECYSTITIS

Acalculous cholecystitis is a rare but potentially lethal con-
dition that involves acute transmural inflammation of the
gallbladder in the absence of identifiable gallstones. In con-
trast to classical acute cholecystitis, its pathogenesis is likely
the result of gallbladder ischemia rather than cystic duct ob-
struction. The typical patient is critically ill or septic, fast-
ing, and found in the intensive care unit. Under these cir-
cumstances, bile stasis, activation of factor XII, endotoxins,
and distension of the gallbladder can each contribute to the
organ’s diminished perfusion and predispose to irreversible
injury.29 Gangrene, empyema, and perforation more com-
monly complicate the course of acalculous cholecystitis than
of acute cholecystitis resulting from gallstones, with an in-
cidence approaching 75% and a mortality of approximately
40% in some series.30 Diagnosis of acalculous cholecystitis
can be challenging, as many of the patients are sedated and
unable to actively participate in the history and physical ex-
amination. Cholecystectomy is the mainstay of therapy for
acalculous cholecystitis.

RECURRENT PYOGENIC CHOLANGITIS

This complex biliary system disease, also known as oriental
cholangiohepatitis, is endemic to Southeast Asia and seen
with increasing frequency in the United States.31 Character-
ized by the presence of intrahepatic (i.e., hepatolithiasis) and
extrahepatic pigment stones in the absence of disease within
the gallbladder, recurrent pyogenic cholangitis has been re-
ported as the number one cause of acute abdominal pain in
Hong Kong emergency rooms. As a result of the recent, wide-
spread immigration of Southeast Asians to the United States,
the diagnosis of recurrent pyogenic cholangitis must be en-

tertained when evaluating patients with biliary tract disease
who were born in a country rimming the South China Sea.

Patients present with complaints of abdominal pain and
fever. As there is usually segmental rather than complete bile
duct obstruction, frank jaundice is uncommon. Treatment is
aimed at decompression of the obstructed bile ducts and re-
moval of as many stones and as much intraluminal debris as
possible.

MIRIZZI’S SYNDROME

First reported in 1948, Mirizzi’s syndrome entails obstruction
of the common bile duct by a stone impacted in the adjacent
cystic duct or Hartmann’s pouch. Although this condition is
more prevalent in the elderly, it can occur in any patient with
cholelithiasis. Two types have been described.32 In type I, the
hepatic duct is compressed by a large stone that has become
impacted in the cystic duct or Hartmann’s pouch. Associated
inflammation may contribute to the stricture. In other pa-
tients (type II), the calculus has eroded into the hepatic duct,
producing a cholecystocholedochal fistula. Patients present
with either painless jaundice or cholangitis, depending on the
presence of contaminated bile. The treatment for type I le-
sions is cholecystectomy, but awareness of this syndrome is
important because the surgical removal of the gallbladder un-
der these circumstances is associated with an increased inci-
dence of bile duct injury. Management of type II strictures 
is best accomplished through partial cholecystectomy and 
bilioenteric anastomosis.

BILIARY COLIC AND PREGNANCY

Gallbladder disease is occasionally first noted or becomes
more troublesome during pregnancy. The most common clin-
ical presentations are worsening biliary colic and acute chole-
cystitis. Jaundice and acute pancreatitis as a result of chole-
docholithiasis are rare. Radiological evaluation of symptoms
suggestive of biliary tract disease can nearly always be lim-
ited to ultrasonography. Several series have demonstrated that
the laparoscopic removal of the gallbladder during all stages
of pregnancy is safe, resulting in minimal fetal and maternal
morbidity.33–35

Medical Treatments

ORAL DISSOLUTION

In theory, biliary calculi, which specifically result from the
cholesterol supersaturation of bile, should dissolve if the ra-
tio of cholesterol to bile salts is reversed. In practice, this ther-
apy (i.e. administration of chenodeoxycholic acid) is most ef-
fective for the treatment of small noncalcified cholesterol
stones in patients with a functioning gallbladder. Successful
therapy in many patients can require upward of 6 to 12
months, and necessitates periodic monitoring until the stones
are dissolved. Approximately 50% to 60% of cholesterol
stones measuring less than 10 mm in diameter respond; how-
ever, the gallstones recur in one-half of these patients within
5 years. Considering the duration, expense, potential side ef-
fects, and lack of a durable cure, oral dissolution therapy
should be reserved for those patients who either cannot risk
or do not want an operation.
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FIGURE 19.3.  Endoscopic cholangiopancreatography in a patient
with choledocholithiasis as evidenced by multiple filling defects
within the common bile duct. (Courtesy of JP Cello, MD, Depart-
ment of Medicine, UCSF.)



CONTACT DISSOLUTION

Another approach to dissolving gallstones is to directly apply
an agent that can solubilize cholesterol. While technically
feasible, contact dissolution has at present a role limited to
the treatment of cholelithiasis in patients who are not suit-
able for surgery.

EXTRACORPOREAL SHOCK WAVE LITHOTRIPSY

Introduced in the mid-1980s, extracorporeal shock wave
lithotripsy (ESWL) utilizes high-energy sound (shock) waves
to physically fragment gallstones into pieces small enough to
be passed into the intestinal tract via the common bile duct.
The potential advantages of ESWL include the noninvasive
destruction of biliary calculi, decreased morbidity and mor-
tality, shortened hospitalization, and the ability to treat pa-
tients who are poor candidates for a surgical procedure. How-
ever, shock wave lithotripsy has remained investigational to
this day.

Surgical Treatments

OPEN CHOLECYSTECTOMY

In retrospective studies, 90% to 95% of patients undergoing
cholecystectomy are substantially relieved or cured of their
symptoms following surgery.36

Open cholecystectomy requires a general anesthetic, an in-
cision in the anterior abdominal wall 12 to 20 cm in length, a
4- to 7-day hospitalization, and a 4- to 6-week recuperation pe-
riod. Under direct vision the surgeon defines the extrahepatic
biliary anatomy, resects the gallbladder and cystic duct, and
when indicated explores the common bile duct to identify and
remove all intraluminal calculi. This procedure is a safe and
effective operation, with an overall morbidity of 2% to 8% and
mortality of less than 2%. Thus, open cholecystectomy re-
mains the time-honored standard against which newer thera-
pies should be compared.37–43

The common postoperative complications following open
cholecystectomy can be divided into biliary and nonbiliary
complications. The most frequent complications are retained
common bile duct stones, a bile leak or fistula, or a bile duct
injury. The most feared of all complications during chole-
cystectomy is a major injury to the hepatic or common bile
ducts. Such an injury can subsequently evolve into a benign
stricture, and may initiate a sequence of events that includes
many corrective surgeries, secondary biliary cirrhosis, and
liver failure. Fortunately this complication occurs with an in-
cidence of 0.08% to 0.3% and, as it is generally caused by an
inadequate appreciation of the extrahepatic ductal anatomy,
can be usually avoided.44

POSTCHOLECYSTECTOMY SYNDROME

Patients who return following cholecystectomy complaining
of severe, episodic epigastric or right upper quadrant abdom-
inal pain exemplify the postcholecystectomy pain syndrome.
Although the majority of patients are symptomatically im-
proved, it is not uncommon for patients to suffer minor gas-
trointestinal complaints after cholecystectomy. Indeed, fol-
lowing surgery up to 40% of patients may complain of
excessive gas, bloating, abdominal pain, or dyspepsia. For the

majority of patients, the pain resolves altogether with time;
however, for 2% to 5% the pain is of sufficient severity to
necessitate further investigation and treatment.45,46

The failure of a cholecystectomy to resolve abdominal
pain in selected patients may be the result of an initial mis-
diagnosis. Therefore, the first step in evaluating patients with
postcholecystectomy syndrome is to search for a confound-
ing nonbiliary diagnosis. The key issue in treating patients
who return after cholecystectomy complaining of pain is the
systematic evaluation and accurate diagnosis of their com-
plaint. A thorough history, physical examination, screening
laboratory evaluation, and endoscopic intervention as indi-
cated are essential to the successful management of these
complex patients.

LAPAROSCOPIC CHOLECYSTECTOMY

Laparoscopic cholecystectomy is usually performed under
general anesthesia with special attention paid to muscle re-
laxation. After induction of anesthesia, bladder and nasogas-
tric tubes are placed for decompression. Intravenous antibi-
otics are not routinely required for prophylaxis against wound
infection in elective cases. Either sequential compression
stockings or low-dose subcutaneous heparin are used in pa-
tients at high risk for deep venous thrombosis. The operating
room setup is shown in Figure 19.4.

A pneumoperitoneum carbon dioxide is created through
a small umbilical incision to provide the space necessary to
view the abdominal contents and manipulate instruments.
After satisfactory development of the pneumoperitoneum, a
periumbilical trocar is placed for the lap-aroscope, and three
additional trocars are placed in the right upper quadrant for
exposure and dissecting instruments (Fig. 19.5). The assis-
tant, standing on the patient’s right side, elevates the gall-
bladder fundus toward the ipsilateral hemidiaphragm and 
retracts the infundibulum laterally, exposing the triangle 
of Calot. The surgeon, standing at the patient’s left side, 
dissects the cystic artery and duct from the gallbladder 
wall down toward porta hepatis. This is a crucial step, and 
special care must be taken to avoid mistaking the common
bile duct for the cystic duct. Once the anatomy is identified,
a metallic clip is placed across the cystic duct at its gall-
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FIGURE 19.4.  Operating room setup for laparoscopic cholecystec-
tomy. (Reprinted with permission from Seminars in Gastrointestinal
Disease 1994;5:122. WB Saunders Co.)



bladder origin and a small incision is made in the cystic duct
for placement of a cholangiogram catheter.

Cholangiography is performed in selected cases when it
is necessary to both confirm the ductal anatomy and exclude
the presence of gallstones in the common bile duct. Follow-
ing completion of the cholangiogram, the cystic duct and
artery are secured with metal clips and divided. The gall-
bladder is then dissected off the liver bed with electrocautery
and delivered out the umbilical or epigastric trocar site. Care
is taken during the procedure to avoid iatrogenic perforation
of the gallbladder, because the resultant spillage of bile or gall-
stones is associated with an increased risk of postoperative
fever and intraabdominal abscess formation.47,48

Postoperative management is straightforward. The blad-
der and nasogastric catheters are removed at the end of the
procedure, and a diet of clear liquids is offered the evening of
surgery. Most patients require mild oral analgesics for several
days; narcotic injections are rarely necessary to control pain.
Patients are allowed to resume full physical activity within
1 week after surgery, although patients may return to seden-
tary employment before this time.

RESULTS OF LAPAROSCOPIC SURGERY

After little more than a decade of experience, many practi-
tioners consider laparoscopic cholecystectomy to have re-
placed the open approach as the treatment of choice, if not
the standard of care. In 14 series reviewed, the cumulative
operative morbidity was 7.2%, with an operative mortality of
0.12%. Bile duct injury occurred in 0.35%. Patients spent on
average less than 2 days in the hospital, and returned to work
or their normal daily activities after 6 days. Laparoscopic
cholecystectomy is not only a safe and well-tolerated proce-
dure, but has the attendant benefits of reduced perioperative
morbidity and convalescence when compared to the standard
open approach.49–55

Neoplasms

Cancers of the gallbladder and biliary tree fortunately are un-
common because these malignancies are associated with an
extremely poor prognosis. Despite recent advances in imag-
ing technology, biliary cancers are clinically silent tumors
that only become symptomatic when they reach an advanced
stage of development and are difficult to treat. Surgery is the
only curative therapy; chemotherapy and radiation therapies
are largely experimental efforts or directed at palliation. Ap-
proximately 4000 deaths occur each year in the United States
from biliary cancer, with half originating in the gallbladder
and 25% in the extrahepatic bile ducts; the remaining tumors
arise within the ampulla or are otherwise indeterminate.

Gallbladder Cancer

EPIDEMIOLOGY

Carcinoma of the gallbladder represents 1% of all cancers, is
the most common biliary system malignancy, and is the fifth
most common GI tract cancer with an overall incidence of 2
to 3 cases per 100,000 persons in the United States. Women
outnumber men almost 3 to 1, with a mean age in the sev-
enth decade of life. Interestingly, high-risk groups around the
world for the development of gallbladder cancer include Na-
tive Americans (sixfold), Israelis, Chileans, Poles, Japanese, 
Bolivians, and Mexicans. The etiology of this devastating dis-
ease is unknown, but has been associated with cholelithiasis,
chronic cholecystitis, exposure to specific industrial carcino-
gens, gallbladder adenomas, and inflammatory bowel disease.

DIAGNOSIS

Cancer of the gallbladder is a difficult diagnosis to make as
only 8% to 10% of these malignancies are diagnosed preop-
eratively. The diagnostic challenge is largely because there
are no signs or symptoms specific to gallbladder cancer. As
the condition most often mimics benign biliary disease, with
a clinical course reminiscent of anything from biliary colic
to chronic cholecystitis, the history and physical examina-
tion are insensitive diagnostic tools. Three-quarters of pa-
tients have had symptoms for more than 6 months before
seeking medical attention. When they do present, the most
common complaint is abdominal pain, followed by weight
loss, jaundice, nausea, and a host of other nonspecific symp-
toms. As noted earlier, these tumors are clinically unrecog-
nizable as cancer until the disease is quite advanced, by which
time the patient is usually incurable. Of the standard diag-
nostic studies for biliary tract disease, ultrasound is the most
sensitive for detecting early-stage disease. In practical terms,
most gallbladder cancers are unexpectedly diagnosed in the
operating room during cholecystectomy for gallstones. Thus,
the practice of carefully examining the resected gallbladder
following its removal is important.

PATHOLOGY AND STAGING

Of gallbladder cancers, 85% are adenocarcinomas (papillary
and mucinous variants), with the remaining tumors either
squamous cell (3%), adenosquamous (1.5%), or undifferenti-
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FIGURE 19.5.  Trocar placement for performing a laparoscopic chole-
cystectomy.



ated (7%). On rare occasions the gallbladder can be the site
of a melanoma, sarcoma, or carcinoid tumor. In 1976, Nevin
et al. proposed a five-stage classification for cancer of the gall-
bladder predicated on the depth of tumor invasion into the
gallbladder wall, presence of lymph node involvement, and
invasion into adjacent or distant organs (Table 19.3).56 More
recently the standard TNM staging system has been applied
to this cancer, which principally differs from the Nevin clas-
sification by stratifying the depth of direct liver invasion by
the tumor. As described here, this stratification dramatically
affects the recommended surgical treatment. Regardless of
staging classification, once the tumor is transmural, the
chances of cure are remote (Table 19.4).57

TREATMENT

Treatment recommendations are dependent on the stage of
the disease (Fig. 19.6). When the cancer is limited to the mu-
cosa and muscularis of the gallbladder (stage I), a simple chole-
cystectomy should prove curative. When the tumor is trans-
mural and found to invade the subserosa (stage II), however,
most authors favor a radical cholecystectomy, with resection
of the gallbladder fossa and a regional lymphadenectomy.
Even though a survival advantage has not been definitively
proven, this recommendation reflects concern for an in-
creased risk of lymphovascular spread and locoregional re-
currence once the tumor extends beyond the muscular wall
of the organ. How to best treat stage III and IV tumors re-
mains controversial, with the treatment recommendations
ranging from major surgery (e.g., hepatic lobectomy, and or-
thotopic liver transplantation) to palliative bilioenteric by-
pass to adjuvant chemo- or radiotherapy. Opinions aside, at
present there is no effective treatment for advanced gallblad-
der cancer.

Cholangiocarcinoma

EPIDEMIOLOGY

Approximately 2,700 new cases of bile duct cancer are diag-
nosed annually in the United States. With an overall yearly in-
cidence of 1 per 100,000 population, this tumor occurs less fre-
quently than cancer of the gallbladder.58 Interestingly, the
epidemiology and proposed pathogenesis of cholangiocarci-
noma are very similar to that of gallbladder cancer, suggesting
that these tumors may represent variants of the same disease
process. As with gallbladder cancer, the incidence increases
with age. High-risk groups include Native Americans, Israelis,
and Japanese. The etiology appears related to chronic inflam-
mation, gallstones, and stasis within the biliary system. In con-
trast, bile duct tumors occur with equal frequency in men and
women, are associated with several biliary tract diseases, and
usually present with painless jaundice. Among the etiological
risk factors for this cancer are ulcerative colitis, primary scle-
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TABLE 19.3. Gallbladder Cancer Staging Systems.

Nevin classification56:
Nevin stage Depth 5-Year survival (%)

Stage I Mucosa only 50–97%
Stage II Muscularis, 57–72%
Stage III All layers 0–25%
Stage IV Lymph nodes 0–20%
Stage V Liver invasion 0–15%

Adjacent organ
Distant metastasis

AJCC TNM definitions for carcinoma of the gallbladder68:

Primary tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor invades lamina propria or muscle layer (Fig. 15.1)
T1a Tumor invades lamina propria
T1b Tumor invades muscle layer
T2 Tumor invades perimuscular connective tissue; no exten-

sion beyond serosa or into liver (Fig. 15.2)
T3 Tumor perforates the serosa (visceral peritoneum) and/or

directly invades the liver and/or one other adjacent organ
or structure, such as the stomach, duodenum, colon, or
pancreas, omentum or extrahepatic bile ducts

T4 Tumor invades main portal vein or hepatic artery or in-
vades multiple extrahepatic organs or structures

Reginal Lymph Nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis
Distant Metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
Source: Used with permission of the American Joint Committee on Cancer
(AJCC), Chicago, IL. The original source for this material is the AJCC Cancer
Staging Manual, 6th Edition (2002) published by Springer-Verlag New York,
www.springer-ny.com

TABLE 19.4. Survival Statistics for Gallbladder Cancer.

Median survival 2-Year survival
Stage of disease n (months) (%)

0 98 . 60 78
I 621 19 45
III 117 7 15
III 678 4 4
IV 936 2 2

Source: Modified from Henson et al.67

FIGURE 19.6.  Treatment algorithm for cancer of the gallbladder.



rosing cholangitis, hepatolithiasis, and choledochal cysts.
Common to each of these factors is an element of biliary sta-
sis, infection, and stones. Exactly how these elements yield a
cancer are unknown, but as with gallbladder cancer it is
thought to involve a sequence of chronic inflammation lead-
ing to mucosal dedifferentiation and neoplasia.

DIAGNOSIS

The diagnosis is generally made when evaluating a patient
with a case of gradually progressive, painless jaundice. More
than 90% of patients present with this complaint, which may
be accompanied by pruritus, weight loss, anorexia, fatigue,
and other constitutional symptoms consistent with a malig-
nancy. Malignant obstruction of the common bile duct gen-
erally produces a marked elevation in the total serum biliru-
bin of more than 10 mg/dl and an alkaline phosphatase that
averages 500 to 600 IU/l.58 Abdominal ultrasound or CT scan

clearly identify the dilated intrahepatic ducts proximal to the
obstruction but rarely visualize the tumor itself. Cholan-
giography remains the most sensitive and informative method
for evaluating obstructing ductal masses. The level and na-
ture of the lesion, along with the patient’s overall medical
condition, are the primary guidelines that dictate which ap-
proach is most appropriate. ERCP does enable one to obtain
biopsies and brushings from any abnormal areas; however,
these tissue samples are diagnostic in less than half of cases
given the fibrotic, relatively acellular nature of this cancer.
Angiography can be used to evaluate possible vascular inva-
sion by tumor.

PATHOLOGY AND STAGING

Cholangiocarcinomas are classified according to their lo-
cation within the biliary ductal system rather than their
histology. The simplest classification schema for bile duct
cancers divides the lesions into those located in the upper,
middle, or lower third of the extrahepatic biliary tree.59

This method of stratifying cholangiocarcinomas proves
very useful with respect to their surgical management.
Cancers of the extrahepatic bile ducts are staged according
to the TNM classification (Table 19.5).

TREATMENT

As with gallbladder cancer, surgery offers the only chance for
cure when confronted with stage I and II tumors. Once there
is lymph node, regional, or distant metastasis, the goal of in-
tervention turns from cure to palliation. Therefore, when ap-
propriately staged, resection is the treatment of choice.

HILAR CHOLANGIOCARCINOMAS

Half of extrahepatic bile duct cancers are located within the
hilum of the liver and have been classified according to the pat-
tern of right and left hepatic ductal involvement (Fig. 19.7).60

There is considerable controversy regarding the value of surgi-
cal versus nonsurgical treatment for hilar bile duct cancers
(Klatskin tumors). Because the determination of resectability
often cannot be made preoperatively, all patients who are rea-
sonable candidates for surgery deserve an exploratory opera-
tion. The criteria for unresectability are extensive vascular in-
vasion of the portal vein or hepatic arteries, tumor involvement
of secondary biliary radicals, evidence of metastatic disease, or
carcinomatosis. As with gallbladder cancer, approximately 10%
to 20% of patients can be resected for cure because most pres-
ent with advanced disease.

For those patients with unresectable disease, opinions
vary regarding the optimal method of palliation. At one end
of the therapeutic spectrum are those who favor resection and
intrahepatic bilioenteric bypass to palliate the obstructive
jaundice, citing this as a durable and reasonably safe proce-
dure.61 At the other extreme are those who favor the use of
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TABLE 19.5. TNM Staging of Carcinoma of the Extrahepatic 
Bile Ducts.

Primary Tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor confined to the bile duct histologically
T2 Tumor invades beyond the wall of the bile duct
T3 Tumor invades the liver, gallbladder, pancreas, and/or ip-

silateral branches of the portal vein (right or left) or he-
patic artery (right or left)

T4 Tumor invades any of the following: main portal vein or
its branches bilaterally, common hepatic artery, or other
adjacent structures, such as the colon, stomach, duode-
num, or abdominal wall

Regional Lymph Nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis
Distant Metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Biopsy of metastatic site performed . . . .h Y . . . .h N
Source of pathologic metastatic specimen ______________

Stage Grouping
0 Tis N0 M0
IA T1 N0 M0
IB T2 N0 M0
IIA T3 N0 M0
IIB T1 N1 M0

T2 N1 M0
T3 N1 M0

III T4 Any N M0
IV Any T Any N M1
Source: Used with the permission of the American Joint Committee on Can-
cer (AJCC), Chicago, IL. The original source for this material is the AJCC Can-
cer Staging Manual, 6th Edition (2002) published by Springer-Verlag New York,
www.springer-ny.com.

FIGURE 19.7.  Modified Bismuth–Corlette 
classification of hilar cholangiocarcinomas. (From
Bismuth et al,69 with permission.)



percutaneously or endoscopically placed intraductal stents.62

Stents require more frequent manipulation to maintain duc-
tal patency, but their insertion is associated with significantly
lower periprocedural morbidity and mortality rates.

Unfortunately, radiation therapy has had no demonstrable
effect on patient survival. The same conclusion currently ap-
plies to single and combination adjuvant chemotherapy.

Benign Neoplasms

CHOLEDOCHAL CYSTS

Choledochal cysts are defined as localized or diffuse dilata-
tions of the biliary tract that can be either congenital or ac-
quired in nature and predominantly affect women.63,64 The
etiology of choledochal cysts is unknown. The clinical sig-
nificance of choledochal cysts results from their propensity
for complications, including cholangitis, biliary cirrhosis, por-
tal hypertension, lithiasis, rupture, and malignant degenera-
tion. The signs and symptoms of a choledochal cyst depend
on its location, size, and specific consequence. Frequently,
they present as a right upper quadrant mass with associated
jaundice and fever in up to 60% of patients. Other complaints
include weight loss and back pain. The diagnosis can be con-
firmed through the use of various diagnostic modalities, in-
cluding ultrasound, abdominal CT, biliary scintigraphy, and
endoscopic cholangiography. Choledochal cysts have been
classified according to their pattern of extra- and intrahepatic
bile duct involvement (Fig. 19.8).65 Previous attempts to treat
these cysts by internal cyst drainage via cystojejunostomy or
cystoduodenostomy failed because of an unacceptably high

rate of late complications, including cholangitis and the de-
velopment of cholangiocarcinoma. Complete surgical exci-
sion and bilioenteric reconstruction constitute the current
treatment of choice. 

BILIARY POLYPS

Polyps can be rarely found in the gallbladder and less fre-
quently in the biliary tree.66 Rarely themselves symptomatic,
gallbladder polyps may represent a risk factor for the subse-
quent development of gallbladder cancer.
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Liver
Alan Hemming and Steven Gallinger

Anatomy

The liver is approximately 4% to 5% of the total body weight
and has multiple complex functions. The anatomy of the liver
(Fig. 20.1) has been described using various methods1–5; how-
ever, surgical anatomy is based on the segmental nature of vas-
cular and bile duct distribution. The liver receives a dual blood
supply from both the portal vein and the hepatic artery, which
run, along with the bile duct, within the Glissonian sheath or
main portal pedicle. The portal pedicle divides into right and
left branches and then supplies the liver in a segmental fash-
ion. Venous drainage is via the hepatic veins, which drain di-
rectly into the inferior vena cava. Hepatic segmentation is
based on the distribution of the portal pedicles and their rela-
tion to the hepatic veins (Fig. 20.1). The right hemiliver is di-
vided into segments V, VI, VII and VIII; the left hemiliver into
segments I, II, III and IV. Segment I is the caudate lobe, which
lies between the inferior vena cava and the hepatic veins. The
caudate lobe has variable portal venous, hepatic arterial, and
biliary anatomy and is essentially independent of the portal
pedicle divisions and hepatic venous drainage. Segmental
anatomy becomes important in considering surgical resection
when essentially any segment or combination of segments can
be resected if attention is paid to maintaining vascular and bil-
iary continuity to remaining segments.

Physiology

The liver performs many functions, including uptake, stor-
age, and eventual distribution of nutrients from the blood or
GI tract, synthesis, metabolism, and elimination of a variety
of endogenous and exogenous substrates and toxins. It is re-
sponsible for 20% to 25% of body oxygen consumption and
20% of total energy expenditure.6 The liver receives a dual
blood supply with 75% of flow from the portal vein and 25%
from the hepatic artery. Total blood flow to the liver is ap-
proximately 1.5 l/min/1.73 m2.7 There is autoregulation of
hepatic arterial flow but not the portal venous system. Por-
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tal flow is increased by food intake, bile salts, secretin, pen-
tagastrin, vasoactive intestinal polypeptide (VIP), glucagon,
isoproterenol, prostaglandin E1 and E2, and papaverine. Por-
tal flow is decreased by serotonin, angiotensin, vasopressin,
nitrates, and somatostatin.

Bile is formed at the canalicular membrane of the he-
patocyte as well as in the bile ductules and is secreted by an
active process that is relatively independent of blood flow.8

The major organic components of bile are the conjugated bile
acids, cholesterol, phospholipid, bile pigments, and protein.
Under normal conditions, 600 to 1000 ml of bile is produced
per day.9

Bilirubin, a degradation product of heme, is eliminated al-
most entirely in the bile. Bilirubin circulates bound to albu-
min and is removed from plasma by the liver via a carrier-
mediated transport system. In the hepatocyte, bilirubin is
bound to glucuronic acid before being secreted in bile. 

The liver synthesizes many of the major human plasma
proteins, including albumin, �-globulin, and many of the co-
agulation proteins. Liver dysfunction can have a profound ef-
fect on coagulation by decreased production of coagulation
proteins or, in the case of obstructive jaundice, there is a de-
creased activity of factors II, V, VII, IX, and X secondary to a
lack of vitamin K–dependent posttranslational modification.
Reversal of coagulation abnormalities by exogenous admin-
istration of vitamin K differentiates between synthetic dys-
function and lack of vitamin K absorption secondary to ob-
structive jaundice.

Benign Noncystic Liver Lesions

A variety of benign and usually innocuous lesions are found
quite commonly in the liver. Unless the clinical context
raises suspicion of a malignant process, the differential diag-
nosis of solid liver lesions usually includes hemangioma, fo-
cal nodular hyperplasia, and hepatic adenoma. Judicious use
of hepatic imaging procedures usually provides enough in-
formation to differentiate these three pathological entities.



Hemangioma

Hepatic hemangiomas are extremely common with incidences
as high as 20% in autopsy series. The great majority of he-
mangiomas are small, and often multiple. A fairly arbitrary cut-
off of 6 to 10 cm has been suggested to differentiate typically
small hemangiomas from giant hemangiomas. Nevertheless,
the great majority of all hepatic hemangiomas, even giant le-
sions, remain asymptomatic throughout life. In rare instances,
larger hemangiomas may become symptomatic secondary to
pressure effects, thrombosis, necrosis, or bleeding.10–12

Diagnostic certainty can usually be achieved with appro-
priate radiologic imaging studies such that percutaneous
biopsy and resection are almost never necessary (Table 20.1).
Liver resection or enucleation is reserved for the very unusual
case where symptoms are disabling.

Focal Nodular Hyperplasia

Focal nodular hyperplasia (FNH) is a typically well-circum-
scribed lesion with a classical central stellate “scar” with ra-
diating fibrous septae. Although found in both males and fe-
males, FNH are more common in females of reproductive age.
The etiology of this lesion is not entirely clear. FNH are usu-
ally solitary, although at least 20% of individuals with FNH
have multiple lesions.10–12 In some of these latter subjects
with multiple FNH, other extrahepatic vascular abnormali-
ties are found, including astrocytoma, neuroendocrine tu-
mors, von Recklinghausen’s disease, and multiple hepatic 
hemangiomas.13

Differentiation of FNH from hepatic adenoma and malig-
nant liver tumors is important and can be difficult, as out-
lined in Table 20.1 and in the following section on adenoma.
Once malignancy is excluded, most FNH can be safely ob-
served without the need for biopsy or resection.

Hepatic Adenoma

Liver cell adenomas consist of sheets of hepatocytes with no
portal triads. They are usually solitary but may be multiple,
in up to 30% of cases.14 These lesions are typically round but

not encapsulated. Adenomas arise in otherwise normal livers
and appear as a focal abnormality or mass ranging in size from
3 mm to 30 cm. Although these are benign tumors, there are
isolated case reports of primary hepatocellular carcinomas de-
veloping within adenomas.15 The true incidence of hepatic
adenoma is unknown, but there appears to be little doubt that
the incidence increased with the introduction of oral contra-
ceptives. Although adenomas may develop in children or
adult males, more than 90% develop in women between the
ages of 30 and 50 years.

PRESENTATION AND DIAGNOSIS

Abdominal pain, or the sensation of a mass, is the present-
ing symptom in approximately 50% of patients. Free in-
traperitoneal rupture occurs in 10% to 20% of cases while
the remainder are found incidentally, either through imaging
or at laparotomy. Diagnosis of adenoma is based on accurate
imaging in the appropriate clinical setting. Although both CT
and US will demonstrate a hypervascular mass lesion, nei-
ther technique differentiates liver cell adenoma from malig-
nant tumors. Although percutaneous needle biopsy has been
used to differentiate between liver cell adenoma and malig-
nant tumors of the liver, the utility of biopsy remains in 
question because even experienced hepatopathologists have
difficulty differentiating between a well-differentiated hepa-
tocellular carcinoma and a liver cell adenoma.

MANAGEMENT

Patients who present with free intraperitoneal rupture or a
large intraparenchymal bleed should undergo urgent opera-
tion after adequate resuscitation. Patients who present with
a liver mass that, on imaging and in the appropriate clinical
setting, is suspected to be an adenoma should stop use of oral
contraceptives or exogenous steroids because regression of le-
sions has been reported.16 Women with lesions that persist
after withdrawal of oral contraceptives should be considered
for elective resection because of the potential risk of bleed-
ing or progression to hepatocellular carcinoma. Alternatives
to resection have been reported, including arterial emboliza-
tion and local ablation techniques such as cryosurgery and 
radiofrequency ablation. At present these alternative ap-
proaches should be considered investigational.

Liver Cysts

Liver cysts are frequently identified at laparotomy and dur-
ing the course of investigations of unrelated abdominal symp-
toms. In most cases, the unexpected finding of a liver cyst,
or multiple cysts, is of no clinical importance, although he-
patic cysts are occasionally associated with serious patho-
logical processes.

Congenital Liver Cysts

SOLITARY AND MULTIPLE SPORADIC SIMPLE LIVER CYSTS

Solitary unilocular or multilocular simple hepatic cysts ap-
pear grossly as variably sized, smooth, shiny, grey-blue cysts
more common in the right lobe. The wall usually consists of
three layers: an inner lining resembling bile duct epithelium,
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FIGURE 20.1.  Diagrammatic representation of segmental liver
anatomy. (From Blumgart LH, ed. Surgery of the Liver and Biliary
Tract. New York: Churchill Livingstone, 1994, with permission.)



a middle layer of compact connective tissue, and an outer
layer containing looser connective tissue and compressed bile
ducts and blood vessels.17,18 Several theories have been pro-
posed to explain the development of congenital hepatic cysts,
but no consensus exists.

POLYCYSTIC DISEASE

The true incidence of congenital cystic disease of the liver is
difficult to determine because most individuals with these le-
sions are asymptomatic. Large, congenital, solitary liver cysts
appear to occur in a sporadic, nonhereditary fashion, whereas
polycystic disease has a definite genetic component to its pre-
sentation. Polycystic disease is often subclassified into child-
hood and adult variants based on different modes of inheri-
tance, presentation, and clinical consequences.

Childhood polycystic disease is inherited in an autosomal
recessive pattern with four general subtypes: perinatal, neona-
tal, infantile, and juvenile.19 All four variants of childhood
polycystic disease affect both the liver and kidneys uniformly
with an absolute increase in the number of intrahepatic bile
ducts. Biliary microhamartomas may be found in both child-
hood and adult polycystic disease. There is an overlap be-
tween patients with polycystic liver disease and those with
other congenital liver diseases, such as congenital hepatic fi-
brosis and cystic biliary abnormalities (e.g., Caroli’s disease).

Adult polycystic liver disease is inherited in an autoso-
mal dominant pattern. The liver is macroscopically diffusely
cystic, although different patterns of disease, including unilo-
bar cysts and different-sized cysts, are typical of the variable
expression of polycystic liver disease. Considerable variabil-
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TABLE 20.1. Imaging Characteristics of Solid, Benign Liver Lesions.

Ultrasound Helical CT Nuclear medicine MRI

Hemangioma �3 cm, well defined, Attenuation value of Tc-99m pertechnetate- T1 signal: low compared with
homogeneous, vascular channels labeled RBC scan liver
hyperechoic � always equal to blood, highly sensitive and T2 signal: higher than spleen on
acoustic enhancement, peripheral globular specific for lesions intermediate and long TE 
may be hypoechoic in enhancement with �2 cm, “blind spot” in images (very bright); this
background fatty liver, centripetal filling in, segments 2 & 3 near finding is strongly suggestive, 
little or no flow on larger atypical lesions the heart, photopenic but overlaps with hyper-
Doppler may not “fill in” on early phase, fills vascular metastases and cysts)

completely due to in centripetally on
fibrosis or hemorrhage, delayed (30–50 min) Gd-chelate contrast
may contain foci of scan, “cold” on Tc-99m enhancement: like CT
calcification sulfur colloid or Comment: �95% accuracy when

HIDA scan all findings present.
Hepatic Nonspecific hypo-, iso-, Identification of 80% “cold” on Tc-99m T1 signal: variable, often
adenoma or hyperechoic, may intralesonal or sulfur colloid scan, isointense to liver, portions

be similar to focal surrounding blood on 20% show uptake, may may be black or very bright
nodular hyperplasia (FNH) unenhanced scan very demonstrate uptake if contains blood products
on Doppler, �fluid in or suggestive, typically on HIDA scan, early Chemical shift imaging: may see
adjacent if hemorrhage demonstrate uptake with Tc-99m some changes suggestive of fat

enhancement but pertechnetate- content (signal goes from
findings on arterial labeled RBC scan, bright to dark on comparative 
and venous phases are “cold” on delayed pulse sequences)
nonspecific and scan
overlap with other T2 signal: variable, usually
lesions slightly hyperintense to liver,

if hemorrhagic may see very 
bright or dark areas
Gd-chelate contrast
enhancement: like CT.
Comment: can overlap with HCC 
in imaging characteristics

FNH Often subtle, near isoechoic, Densely enhancing 80% show uptake on T1 signal: variable, often
� hypoechoic linear or uniform mass on Tc-99m sulfur colloid isointense or hypointense to
stellate scar, peripheral arterial phase becoming scan (1⁄2 with uptake liver, may see low-intensity
and central vessels on isodense with normal similar or greater than central stellate scar
Doppler liver on venous phase, normal liver, 1⁄2 with T2 signal: often only slightly 

usually low attenuation less uptake than hyperintense to liver, may
on unenhanced images, normal liver) see central scar, which is 
central low-attenuation hyperintense compared with
“vascular scar” rest of lesion

Gd-chelate contrast 
enhancement: like CT, scar
may enhance
Comment: when all the findings
above are present, strongly 
suggestive of FNH but some 
overlap with fibrolamellar 
HCC, and HCC with necrosis 
or scar

Source: Courtesy of Drs. M. Asch, M. Haider, and M. Margolis, Department of Radiology, University of Toronto.



ity in patterns of disease are common even within families.
Cysts may be found in the spleen, pancreas, ovaries, lungs,
and kidneys. Depending on the imaging technique being used,
liver cysts have been found in 29% to 75% of patients with
polycystic kidneys.20 The incidence increases with age and is
higher in women than in men.21

CLINICAL MANIFESTATIONS

Hepatic cysts in childhood polycystic disease are usually
asymptomatic, and the renal manifestations are of greater sig-
nificance. Liver function is usually preserved throughout life,
although fibrosis and portal hypertension can occur.22,23

The clinical presentation and complications of both adult
polycystic liver disease and sporadic congenital cysts are sim-
ilar.24–26 Fewer than 15% of patients are symptomatic, and
most series suggest a preponderance of women presenting
with symptomatic cysts. Symptoms are usually related to a
mass effect. A sensation of upper abdominal fullness and mild
pain is the most common presentation, with occasional ob-
structive complaints or early satiety. Complications of soli-
tary and multiple hepatic cysts are uncommon.

IMAGING

Ultrasound is the most cost-effective imaging modality be-
cause it can distinguish between solid and cystic liver lesions
as well as give information about the nature of the cyst wall,
fluid content, and surrounding liver tissue. Ultrasound and
CT are also useful for imaging the kidneys and demonstrat-
ing coincidental renal cysts. CT scans show congenital he-
patic cysts as nonenhancing, low-attenuation, smooth-
contoured, fluid-filled lesions (Fig. 20.2). Atypical features
such as septations, solid elements, irregularity, thickening, or
calcification of the cyst wall seen on either ultrasound or 
CT should suggest some other process and prompt additional 
investigation.

TREATMENT

The great majority of congenital hepatic cysts, either simple
or polycystic, never cause symptoms and therefore never re-

quire treatment. Serial imaging is only necessary when there
is diagnostic uncertainty.

Simple aspiration of hepatic cysts is only of use for diag-
nostic purposes and occasionally as a provocative test before
more definitive therapy. Recurrence rates following percuta-
neous aspiration alone approach 100%. Percutaneous aspira-
tion under ultrasound control, followed by injection of 95%
ethanol or other sclerosants, is now a well-accepted thera-
peutic modality, although recurrence rates vary widely.27–29

Surgical unroofing and decompression of large hepatic cysts
are an excellent and highly effective treatment in cases of
sclerotherapy failures, or as primary treatment in the opin-
ion of some authors.30,31 Laparoscopic approaches, in which
the cyst is decompressed and a large portion of the cyst wall
is excised, are currently an attractive strategy because of low
morbidity and high efficacy.

Polycystic liver disease in adults produces slow progres-
sive enlargement of the liver with minimal interference with
liver function until at a late stage in the disease.21 Only pa-
tients who are clearly disabled should be offered surgery. Sur-
gical methods to reduce symptoms related to size alone in-
clude multiple cyst unroofing and fenestration of cysts.30–34

Laparoscopic unroofing procedures have been reported as vari-
ably successful, although long-term symptomatic recurrence
rates are quite high because new cysts will grow to replace
decompressed cysts.35,36 Occasional patients develop mani-
festations of chronic liver disease including portal hyperten-
sion, ascites, and variceal bleeding. These cases, as well as
the rare patient with intractable symptoms who has failed
previous surgical procedures, will benefit from liver trans-
plantation.

Traumatic Cysts

Hemorrhage into the liver parenchyma may occur with blunt
or penetrating abdominal trauma. Bleeding is contained
within the liver if the capsule is intact and traumatic cysts
contain blood, bile, and necrotic liver tissue. Lack of a true
epithelial lining denotes that traumatic cysts are in fact
pseudocysts. Unless a traumatic cyst becomes infected sec-
ondarily, it is best treated expectantly.

Cystadenoma and Cystadenocarcinoma

True neoplastic cysts of the liver are rare compared with con-
genital cysts. As with congenital cysts, benign cystadenomas
occur most often in middle-aged women. Grossly, the tumors
are usually large, in the right lobe, and multilocular, and they
contain a clear, mucinous fluid. Bloody fluid occurs more of-
ten in malignant cysts. Microscopically, the diagnostic fea-
tures include a multiloculated lesion lined by benign or 
malignant mucinproducing cells often showing polypoid pap-
illary projections into the cyst. The surrounding stroma is
typically dense. The tumors are thought to be congenital in
origin and slow growing. It is believed that cystadenocarci-
nomas are derived from benign cystadenomas, because most
of the malignant tumors contain a considerable amount of
benign epithelium.37

Clinical and radiologic differentiation of neoplastic cysts
from congenital cysts may be difficult. Features suggestive of
neoplastic cysts on ultrasound and CT include papillary pro-
jections or irregularities in the cyst wall, complex multiloc-
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FIGURE 20.2.  Large, symptomatic simple liver cyst in 48-year-old
woman. Note uniform, low-density fluid, and thin wall without cal-
cifications, septations, or intracystic projections. This cyst was
treated successfully by laparoscopic unroofing.



ular cysts, and the presence of cyst contents of different den-
sities in different parts of a multilocular cyst (Fig. 20.3). Cyst-
adenoma, especially when unilocular, may be very difficult
to distinguish from congenital cyst. Any cyst suspected of be-
ing a cystadenoma should be explored and completely excised
either by the technique of enucleation38 or by liver resection.
The long-term results after complete excision of cystadenoma
are excellent, but if the excision is incomplete, recurrence is
virtually guaranteed. Cyst-adenocarcinoma requires liver re-
section and, if it is nonmetastatic, results are very good.39,40

A number of metastatic tumors occurring in the liver,
such as adenocarcinoma from the gastrointestinal tract, sar-
comas, and renal cell carcinomas, may undergo cystic change.

Parasitic (Hydatid) Liver Cysts

Hydatid disease in humans is caused by the larval form of
parasites of the genus Echinococcus. The most common form
is cystic hydatid disease resulting from infection with E. gran-
ulosus. The life cycle of E. granulosus requires two hosts: a
primary host harboring the adult worm and an intermediate
host harboring the larval stage. The adult parasite resides in

the intestine of canines. Humans become an accidental in-
termediate host when contaminated unwashed vegetables are
ingested or through contact (usually in childhood) with in-
fected animals who may carry ova on their fur or shed ova
onto soil in which children play.41 Growth is often slow, and
it may be many years before the hydatid cyst becomes symp-
tomatic.

Distribution of Hydatid Disease

Hydatid disease is known worldwide, particularly in rural ar-
eas where dogs are kept and used for herding livestock.

Pathology

Following entry into the portal circulation, the embryo begins
to grow into a larva in the liver and forms a cystic structure
that develops three layers in its wall. The outer layer is formed
of host tissue as a result of a reaction to the parasite. As the
surrounding liver tissue collapses gradually with the expan-
sion of the hydatid cyst, vessels and ductal structures in the
liver become incorporated in the wall or in the adjacent com-
pressed liver. This process causes the appearance of a central
avascular area (the cyst) with a hypervascular rim or halo on
CT scans and angiograms.42,43 Calcification often occurs in
the wall of the mature hydatid cyst, and about half these cysts
can be seen on plain films of the abdomen. The parasite it-
self makes up the two internal layers of the cyst wall. The in-
nermost germinal layer is the living parasite. The cyst fluid
is secreted by the germinal lining and is normally clear in
color. The high secretion pressure is responsible for the pro-
gressive enlargement of the cyst. In the case of dead or in-
fected cysts, the fluid may become turbid or frankly purulent.
Bile-stained cyst fluid is an indicator of communication of the
cyst with the biliary tract.

CLINICAL PRESENTATION

Hydatid cysts of the liver are often asymptomatic and may re-
main so until they reach a large size. With recent refinements
in noninvasive imaging techniques, they are found frequently
as an incidental finding on ultrasound or CT studies (Fig. 20.4).

FIGURE 20.3.  CT scan demonstrating large, complex, thick-walled
cystadenoma in right lobe of liver.

FIGURE 20.4.  Hydatid cysts in right lobe (A), and in left lateral segment (B, arrow). Note thick-walled septations of daughter cysts in A and
whorled calcifications in B.
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Expansion of cysts in the liver may cause localized pain.
If organisms enter the cyst, it may become infected and pro-
duce pain and fever and behave clinically as a liver abscess.
If frankly infected material enters the biliary tract, the pa-
tient may present with jaundice as well as fever.

ALLERGIC REACTIONS

Hydatid cyst fluid is antigenic and, when released into the
circulation either directly by a leak into the liver or secon-
darily as a result of rupture into the peritoneal cavity, acute
allergic reactions may occur. These range from mild urticaria
to severe acute anaphylaxis.

DIAGNOSIS

Hydatid disease of the liver should be high on the list of di-
agnostic possibilities in patients who come from an endemic
area, especially if they spent their childhood in a rural envi-
ronment and if they present with abdominal mass, pain, fever,
jaundice, or anaphylaxis. Imaging tests are very accurate be-
cause ultrasound will demonstrate the cystic nature of the le-
sion, the presence of daughter cysts, and collections of hydatid
sand. CT scanning is as reliable for making the diagnosis and
is complementary to ultrasound. In the jaundiced patient with
hepatic hydatid disease, endoscopic retrograde cholangiopan-
creatography (ERCP) should be performed to determine if the
jaundice is the result of extrusion of cyst material into the bile
duct or is merely a manifestation of cholangitis from the spill
of infected fluid into the biliary tract. Routine blood analysis
is of little help in making the diagnosis of hydatid disease.
Serological studies are currently the most reliable adjunct to
imaging tests in confirming the diagnosis of echinococcosis of
the liver.41,44 The complement fixation test is positive in ap-
proximately 65% of patients and the indirect hemagglutina-
tion test in 85%.

Treatment of Hydatid Disease

DRUG THERAPY

Systemic antihelminthic agents are generally not effective
against human Echinococcus and are generally considered ad-
juvants to surgery. However, the group of drugs known as
benzimidazolecarbamates have shown promise as parasitoci-
dal and parasitostatic agents. Drug therapy is indicated in pa-
tients in whom accidental spillage of cyst fluid has occurred
at operation, in patients with active disease who are unfit for
surgery, and in patients who rupture hydatid cysts sponta-
neously into the peritoneal or pleural cavities.45,46

PERCUTANEOUS ASPIRATION AND SCOLICIDAL THERAPY

Percutaneous fine-needle aspiration may be necessary as a di-
agnostic test in the workup of the occasional complex liver
cyst for which serology and imaging are nondiagnostic of hy-
datid disease.47,48 A number of groups have extended this ap-
proach to aspirate unilocular hydatid cysts and instill a vari-
ety of scolicidal agents. The long-term value of this method
is still unproven.

SURGICAL TREATMENT

Surgery remains the standard approach for hydatid disease of
the liver and is indicated in all patients with symptomatic

disease. Although hydatid disease tends to advance slowly, it
may produce life-threatening complications, and therefore
surgical treatment should be considered even in patients with
asymptomatic disease discovered accidentally, especially if
the cyst is large (�5 cm) and accessible.

There are numerous strategies for handling hepatic hy-
datid cysts, and opinions vary from conservative to radical.
To be curative, surgical therapy must remove all the living
parasite and leave no viable daughter cysts or protoscolices
either in the residual cavity or elsewhere in the host, while
still preserving liver function. Controversies include the role
of cyst aspiration, the choice between resection and cyst evac-
uation, and the management of the residual cavity, including
the use of scolicidal agents and the advisability of external
drainage.

Complete surgical removal is required for cure, and can
be accomplished (1) by removal of all laminated membrane
and attached germinal lining, daughter cysts, fluid, and sco-
lices, leaving the pericyst; or (2) by resection of the intact
cyst, including the pericyst. Because of the risk of spillage
of infective material into the peritoneal or pleural cavity,
some favor excision either by formal liver resection or by
meticulous separation of the entire cyst, including the per-
icyst, from surrounding liver. Formal liver resection is used
sparingly and is usually needed only for peripherally located
cysts.49–52

SCOLICIDAL AGENTS

Because large cysts contain thousands of barely visible pro-
toscolices, each of which can implant in its host and create
a new cyst, mechanical removal is usually supplemented by
some type of scolicidal agent to ensure that overlooked pro-
toscolices are killed. These agents include hydrogen peroxide,
cetrimide, hypertonic saline, chlorhexidine, 20% ethyl alco-
hol, and 0.5% silver nitrate.53,54 Great care must be taken
when scolicidal agents are used to complete sterilization of
the surgically evacuated hydatid cavity to avoid spillage into
the peritoneum or entry of fluid into the bile ducts.

MANAGEMENT OF THE RESIDUAL CAVITY

There remains controversy regarding the management of the
residual cavity after evacuation of the living cysts and treat-
ment with scolicidal agents. Techniques have been described
to obliterate the cavity, such as filling with omentum or su-
turing the walls together from within (the so-called capiton-
nage technique).55–57 Our own method of management of the
cyst cavity depends on size, depth, and amount of pericyst
exposed at the liver surface, as well as the presence or ab-
sence of infection or communication with the biliary tract.
If either or both of the latter conditions exist, closed suction
drainage is used.

COMPLICATIONS OF HYDATID DISEASE

Anaphylaxis may occur with rupture and spillage of hydatid
fluid into the peritoneal cavity. Mild symptoms resolve spon-
taneously but may be helped by antihistamines or steroids.
Adrenaline is necessary for severe anaphylaxis. Emergency
operation is rarely required, because the leakage is usually
only a small amount of fluid. A course of systemic meben-
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dazole or albendazole may be helpful in preventing peritoneal
hydatosis with either minor or major rupture of a liver cyst.

Infection is seen in about one-quarter of hydatid cysts in
adults.50,55 Communication with the biliary tract is common
in infected hydatids and should be sought carefully.

Biliary tract obstruction occurs when a hydatid cyst rup-
tures into a bile duct and extrudes daughter cysts or portions
of laminated membrane down the common duct. This diag-
nosis should be made preoperatively by ERCP, and endoscopic
sphincterotomy and clearance of the bile duct should be car-
ried out before surgery for the cyst itself.58

Associated extrahepatic hydatid disease from previous
spontaneous rupture or surgery should be dealt with at the
same time as hepatic cysts are treated.

FOLLOW-UP

Recurrence rates are low (about 2%) following surgical man-
agement of uncomplicated hydatid disease. Nevertheless,
long-term follow-up is advisable, including periodic imaging
studies and serology. Serological tests may remain abnormal
for a couple of years.

Hepatocellular Carcinoma

Hepatocellular carcinoma (HCC) is one of the commonest
malignancies worldwide, causing more than 1 million deaths
every year.59 The annual incidence varies from a high of 30
per 100,000 in Southeast Asia and Africa to around 2 per
100,000 in Northern Europe and North America.60 A recent
report suggested a rising incidence of HCC in the United
States over the past two decades.61

Tumor Biology

A large number of risk factors have been identified for HCC
(Table 20.2); however, most patients have tumors that have
occurred on a background of chronic liver disease secondary
to hepatitis B or C infection or alcohol abuse. Only 10% of
patients with HCC have neither cirrhosis nor chronic viral
hepatitis.62 Hepatocellular carcinoma rarely occurs in the
normal liver.63

Regenerating nodules are part of the reparative process in
the evolution of cirrhosis. Other nodules, termed adenoma-
tous hyperplasia, or dysplastic nodules may also develop;
these result from genetic alterations, are monoclonal, and are
believed to be the first step in the evolution of malignancy.64

Subsequent genetic changes lead to dedifferentiation to a
well-differentiated HCC, and subsequently to poorly differ-
entiated HCC, over a period of months to years.62,65

Natural History

The survival of a patient with HCC is determined in part by
the stage of the malignancy, and in part by the severity of the
underlying liver disease. The latter is also an important fac-
tor in determining suitability for any treatment. Studies of
patients with small asymptomatic untreated HCC show 1-,
2-, and 3-year survival rates of 91%, 55%, and 13%, respec-
tively.66,67 Symptomatic patients usually have advanced dis-
ease and commonly present with abdominal pain, distension,
weight loss, and malaise.68 Symptomatic patients have a
much shorter survival, usually measured in months, with
most dying of metastatic disease or complications of their un-
derlying liver disease.68,69

Diagnosis and Staging

TUMOR MARKERS

Serum concentrations of �-fetoprotein (AFP) are elevated in
about 75% of patients with HCC.70 AFP can also be elevated
in a variety of benign diseases, especially acute and chronic
hepatitis and cirrhosis. A single elevated AFP level may there-
fore not be diagnostic, and interpretation must take into ac-
count the absolute level, change with time, and presence or
absence of chronic hepatitis.

IMAGING

Ultrasound is the least expensive and most widely available
imaging technique. In expert hands, it is extremely useful,
and some lesions less than 1 cm in diameter can be detected.
A major problem in screening is distinguishing regenerating
nodules from early HCC. Color Doppler may be helpful if in-
creased vascularity can be demonstrated in a suspicious nod-
ule. Correlation with other imaging modalities is often com-
plementary in making a diagnosis of HCC.71,72

CT scanning allows rapid volumetric acquisition of data
during separate arterial and portal venous phases of contrast
enhancement. Identification of lesions as small as 1 cm in di-
ameter is usually possible, and excellent demonstration of re-
lationships with vessels can also be obtained. Spiral CT is
similar to CT angioportography in its sensitivity and speci-
ficity, and is probably the imaging method of choice for iden-
tifying HCC73 (Fig. 20.5).

MRI

The limits of detection of MRI, comparable to those of CT,
and current high-speed MR software allow high-definition,
three-dimensional reconstructions to be carried out that are
useful in planning resectional surgery. MRI is also very use-
ful in differentiating other small mass lesions from HCC in
a nodular cirrhotic liver, particularly hemangioma and re-
generative nodules as small as 1 cm.74

BIOPSY

Preoperative histological confirmation of HCC is not required
in most cases, particularly if AFP levels are very high or if
the clinical setting is highly suggestive in a patient with a
new nodule. Biopsy poses significant risks of hemorrhage and
tumor rupture, as well as the possibility of tumor implanta-
tion, notably in tumors close to the liver surface.72 In the rare
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TABLE 20.2. Risk Factors for Primary Hepatocellular Carcinoma.

Hepatitis B
Hepatitis C
Alcoholic cirrhosis
Others:

Hemochromatosis
Alpha-1 antitrypsin deficiency
Wilson’s disease
Tyrosinemia
Glycogen storage disease



instance where histological evaluation may alter manage-
ment, fine-needle aspiration biopsy should be performed
through a nontumorous area of liver that will be included in
any planned resection.

STAGING

Although a variety of staging systems have been described
for HCC, the UICC/AJCC standardized TNM approach has
been adopted by most centers and allows for comparison of
results.75

SCREENING

The heightened awareness of cancer risk in patients with
chronic hepatitis B and C has resulted in widespread infor-
mal screening, which has probably led to earlier identifica-
tion of tumors in many patients. Whether the recent im-
provement in survival rates can be attributed to better
surgical outcomes because of earlier diagnosis or to lead-time
bias has not yet been determined.

Resection

PREOPERATIVE ASSESSMENT OF RESECTABILITY

Considerations in determining resectability of a primary liver
cancer include general health of the patient, tumor stage, and
functional capacity of the underlying liver. Most authors
would consider stage IIIB or IV disease to be incurable by re-
section. Other factors that are believed to be relative predic-
tors of poor outcome include multiple tumors,76,77 large tu-
mor size,78,79 and vascular invasion.80,81 There is evidence
that each of these variables decreases the likelihood of long-
term cure, but no one factor alone is considered an absolute
contraindication for resection. The anatomical location of a
lesion may result in unresectability for technical reasons,
even if staging were favorable.

One of the most difficult aspects of assessment of re-
sectability is determining functional reserve of the liver, that
is, the ability of the liver to not only tolerate an anaesthetic
and operative procedure but to regenerate after removal of

functional hepatic mass. Exact quantitative predictors are not
available, but most surgeons would only consider resection
for those patients classified as Child–Pugh A or early B with
coagulation function correctable to normal, and without com-
plications of cirrhosis such as ascites, bleeding, or marked
portal hypertension.

Some studies suggest that the use of indocyanine green
(ICG) clearance or the redox tolerance test can improve pa-
tient selection, but experience is limited with these func-
tional studies.82,83

INTRAOPERATIVE ASSESSMENT AND THE

ROLE OF INTRAOPERATIVE ULTRASOUND

Approximately 12% of patients who are explored for resection
of HCC are found to be unresectable at laparotomy because of
peritoneal spread, nodal involvement, or additional tumors in
the liver found by intraoperative ultrasound. Laparoscopic ul-
trasound before laparotomy is becoming more widely used and
may be able to identify approximately half of those patients
who would be deemed unresectable at laparotomy.84

EXTENT OF RESECTION

The ideal margin for curative resection in HCC is not yet de-
fined. In the cirrhotic patient, however, preservation of liver
function and wide surgical clearance of the tumor are the two
main, but frequently contradictory, principles of resection. A
disease-free margin of 1 cm is believed to be adequate by most
groups but others have advocated a margin of 2 to 3 cm.85 The
frequency of intrahepatic metastases further than 1 cm away
from the tumor increases with tumors larger than 4 to 5 cm,
and a larger resection margin should be considered.86,87

Results of Resection

Both operative mortality and long-term survival rates have
improved substantially since the 1970s as a result of better
patient selection, operative techniques, and perioperative
care. Operative mortality rates in large centers are now less
than 5%, although rates are considerably lower in noncir-
rhotic than cirrhotic patients.
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FIGURE 20.5.  Early arterial phase helical CT scans demonstrate hypervascular hepatocellular carcinomas (arrows). Note nodular cirrhotic
liver in B.
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Tumor recurrence rates within the liver are high and in-
crease progressively with time. They range from 38% to
68%76,88–90 in various reports, and recurrences occur in sites
distant from the resection margin, suggesting that most are
new tumors rather than recurrences of the resected tumor. A
number of adjuvant therapy approaches have been used to de-
crease the recurrence rate following resection. Repeat resec-
tion is another option for patients with isolated intrahepatic
recurrence of HCC. Few patients are suitable for treatment,
but the reported data suggest that survival figures for rere-
section are similar to those for primary resection.91

Liver Transplantation

Recent 3-month perioperative mortality rates for transplanta-
tion are generally in the 10% range.90,92,93 The incidence of tu-
mor recurrence in these reports ranges from 8% to 37% and
may reflect differences in selection criteria. Selection may also
have resulted in the wide differences in survival. There are
promising new data, however, showing that survival rates
(55–87% at 1 year, 20–45% at 5 years) can be achieved similar
to those for patients transplanted for nonmalignant disease.92,94

Preoperative factors that appear to be important predictors
of disease-free and overall survival are absence of tumor-asso-
ciated symptoms,95 hepatitis B virus (HBV) negativity,90,96

early TNM stage,97–99 small size (less than 2–5 cm),97–100 sin-
gle tumor (or fewer than three tumors),92,95,97,99 low AFP,97 tu-
mor encapsulation,97,99 and absence of vascular invasion.97,99

These factors are generally similar to those reported to be as-
sociated with better results following partial hepatectomy for
HCC.

The survival of HBV-negative early-stage cancer patients
is approaching that achieved for other groups of transplant
patients, and raises the question whether transplantation
should be considered the preferred treatment for early HCC,
rather than resection. A critical limitation to the application
of liver transplantation as primary oncotherapy in patients
with HCC remains the severe shortage of donor livers. Until
organ availability improves, transplantation for HCC can only
be offered to patients whose survival rates are predicted to be
similar to those of patients transplanted for benign disease.
Whether transplantation can be recommended for higher-risk
patients (those with larger, multiple, or more advanced tu-
mors, or with HBV) in combination with effective antitumor
or antiviral therapy remains to be proven.

Nonsurgical Options

Many nonsurgical approaches to the treatment of HCC have
been undertaken for both early and advanced disease. Recent
results of percutaneous ethanol injection (PEI) of HCCs less
than 3 cm show complete necrosis of the tumor in up to 90%
of patients. For small tumors, the recurrence rates and pat-
tern are similar to those for surgical resection. Other meth-
ods of local destruction including cryotherapy and radiofre-
quency ablation have also been reported, with similar results.
In patients with good liver function and absence of portal hy-
pertension, surgery still offers the advantage of complete tu-
mor removal along with a surrounding margin that may con-
tain possible satellites.101 A number of palliative modalities
have been advocated including arterial embolization, chemo-

embolization, systemic chemotherapy, radiotherapy (either
external beam or yttrium microspheres), immunotherapy, and
hormonal manipulation.102 Although there are occasional en-
couraging reports, these treatment methods should be con-
sidered investigational and used only as part of standardized
study protocols.

Authors’ Approach

All new patients with HCC are reviewed by a multidiscipli-
nary team of hepatobiliary and liver transplant surgeons, he-
patologists, interventional radiologists, and oncologists. Sur-
gical resection is considered first-line therapy in patients who
meet the previously described selection criteria. Patients who
are not resectable and are HBV negative are considered trans-
plant candidates if their tumors are less than 5 cm in diam-
eter and they meet the other criteria for transplantation. If
not transplantable, they are considered for one of our study
protocols. Patients who have unresectable tumors and are
HBV positive are treated with PEI if their tumors are less than
5 cm in diameter; those with larger tumors are considered for
one of our experimental protocols.

Liver Metastases

Colorectal Cancer

NATURAL HISTORY AND RESULTS OF RESECTION

OF COLORECTAL CANCER HEPATIC METASTASES

The natural history of unresected hepatic metastases is diffi-
cult to predict because of the heterogeneity of clinical pro-
gression of different malignancies and even considerable vari-
ability among patients with the same primary cancer. For
reasons that are not clear, approximately 5% to 10% of stage
IV colorectal cancer patients present with a synchronous or
metachronous “limited hepatic-only” pattern of disease.
These individuals are those most frequently referred for con-
sideration of an aggressive surgical approach for their metasta-
tic disease. It is well accepted that hepatic resection for se-
lected patients with colorectal cancer liver metastases is
beneficial although the degree of benefit is unclear because a
randomized trial with a “no treatment” arm has never been
performed. Overall 5-year survival data following hepatic 
resection of colorectal cancer metastases vary between 20%
and 40%.

IMAGING BEFORE LIVER RESECTION OF METASTATIC DISEASE

The goals of radiologic studies for the liver resection candi-
date include (1) detection of extrahepatic disease and (2) ac-
curate characterization of the number, size, and location of
hepatic metastases. Because the results of liver resection for
metastatic colorectal cancer are so poor in patients with ex-
trahepatic disease, common sites for recurrent disease and
metastatic spread should be studied. Of all the various diag-
nostic maneuvers performed before liver resection for
metastatic disease, careful intraoperative palpation and hand-
held intraoperative ultrasound should be considered essential
in all cases103–108 (Fig. 20.6).
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PREOPERATIVE AND INTRAOPERATIVE FACTORS

THAT INFLUENCE PROGNOSIS

Because not all patients with colorectal cancer hepatic metas-
tases will benefit from an aggressive operative approach, pa-
tient selection, based on well-proven prognostic markers, is
important. Numerous case series provide fairly good evidence
that various patient and tumor factors are predictive of long-
term survival following liver resection. Variables for which
data are available are listed below:

Stage of primary colorectal cancer
Interval from resection of primary colorectal cancer
Extent of liver involvement; bilobar versus unilobar, size of

metastases, number of metastases
Extrahepatic disease
Preoperative carcinoembryonic antigen (CEA) level
Resection margin
Blood transfusions
Molecular markers

Although there is little doubt that many of these variables af-
fect patient survival, there is strong evidence for only a few,
and only weak and occasionally conflicting evidence for the
others. Nevertheless, a number of fairly dogmatic statements
can be made from the available data. First, although “primary
tumor” factors such as prior stage of the primary colorectal
cancer, synchronous versus metachronous liver metastases,
and interval from resection of the primary might be predicted
to be important prognostic variables, published data only
partly support this notion. Second, specific “metastasis” fac-
tors just listed appear to be fairly important in determining
outcome. There appear to be adequate data, and little dis-
agreement, on the positive benefit derived from resecting soli-
tary tumors and perhaps up to four metastases. However, ar-
guments both in favor and against very radical resections of
more than four bilobar metastases can be made on the basis
of current evidence. Results of liver resection in patients with
extrahepatic, noncontiguous disease are so poor that this ap-
proach seems rarely justified. Third, the importance of a neg-
ative resection margin should be stressed because this is per-
haps the only prognostic factor over which the surgeon has any
definite control.109

NONRESECTIONAL ABLATIVE THERAPIES

Although hepatic resection is considered standard treatment
for selected patients with colorectal cancer liver metastases,
both patient and tumor factors occasionally preclude a re-
sectional approach. In particular, patients with bilobar dis-
ease or situations in which even small metastases are close
to major inflow or outflow vessels may preclude resection
due to resultant insufficient hepatic parenchyma for survival.
These problems have provided impetus for the development
and application of locally ablative strategies whereby metas-
tases can be destroyed, with a satisfactory margin, with
enough uninvolved liver remaining to provide adequate he-
patic function while regeneration proceeds in the postoper-
ative period.

HEPATIC CRYOTHERAPY

Hepatic cryotherapy is now a fairly common procedure in
most cancer centers although indications and applications of
the technique vary among surgeons in the field. In general,
cryotherapy involves the in situ destruction of tumor masses
with subsequent resorption of necrotic tumor cells. Current
cryotherapy machines and probes are able to destroy tumors
as large as 4 to 6 cm. Peripheral lesions are easier to cryoblate
because more central lesions are often close to major vessels,
which act as heat sinks and prevent complete cryoablation. In
addition, large central lesions close to major biliary radicals
are difficult to treat with cryotherapy because bile ducts are
susceptible to damage by extreme cold (�196°C). Dedicated
radiologists with advanced skills in interventional techniques
and intraoperative hepatic ultrasound are critical mem-
bers of our cryotherapy team. Laparoscopic and percutaneous
cryotherapeutic approaches have been reported,110–112 but ad-
equate access and monitoring to achieve thorough cryoabla-
tion are usually not possible without a laparotomy.

There is considerable controversy whether hepatic cryo-
therapy could potentially replace resection as an equivalent
or superior curative modality for patients with hepatic metas-
tases. Despite continued enthusiasm for this technique, it is
apparent that published cryotherapy series are very heteroge-
neous with respect to inclusion criteria, use of adjuvant ther-
apy, combining resection with cryotherapy, and use of cryo-
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FIGURE 20.6.  Intraoperative ultrasound shows excellent view of the main hepatic veins (A) and two typical-appearing small colorectal can-
cer liver metastases (B). Note surgeon’s fingers in B (arrow).
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FIGURE 20.7.  Collateral pathways develop where portal and sys-
temic venous pathways are in apposition (large arrows). (Reproduced
from Sabiston DC, ed. Textbook of Surgery, 14th ed. Philadelphia:
WB Saunders, 1991, with permission.)

therapy as a palliative procedure.113 Therefore, it is very dif-
ficult to conclude with certainty that hepatic cryotherapy is
better, equivalent, or poorer than liver resection as surgical
treatment for liver tumors.

REPEAT HEPATIC RESECTION FOR

METASTATIC COLORECTAL CANCER

Despite thorough preoperative and intraoperative imaging
studies, a large fraction of patients with colorectal cancer
liver metastases have occult microscopic residual disease
and will recur in the liver following resection. Based on fairly
good overall survival results of first liver resection, many
groups will offer repeat resection for selected patients with
localized hepatic rerecurrences. five year survival is reported
at 16% to 25%.114

Liver Resection for Noncolorectal 
Cancer Hepatic Metastases

Strong evidence in favor of or against hepatic resection of non-
colorectal metastases is lacking, primarily due to limited ex-
periences. Nevertheless, most agree that hepatic resection re-
sults in improved 5-year survival rates for selected patients
with isolated and resectable disease.115,116 Specifically, results
for liver resection for metastases from genitourinary sites
(kidney, adrenal, cervix, uterus) were better than those for soft
tissue tumor (breast, melanoma, and sarcoma) metastases or
liver metastases from other GI sites.117 Palliative liver resec-
tion of hepatic metastases from neuroendocrine tumors is also
worthwhile, particularly in cases in which uncontrollable
symptoms from elevated hormone levels are a problem.118

Portal Hypertension

Portal venous pressure is normally 5 to 10 mmHg. A vari-
ety of conditions lead to increased resistance to portal blood
flow, which in turn causes a rise in portal venous pressure.
When portal venous pressure rises above 10 mmHg, portal
hypertension is present with the development of character-
istic pathophysiological features. Portal hypertension is
characterized by the development of venous collaterals
around the area of increased resistance and systemic hemo-
dynamic changes including an increase in splanchnic flow
and a hyperdynamic circulation. The major complications
of portal hypertension are variceal bleeding, ascites, and liver
failure.

Anatomy

The portal vein is the termination of the splanchnic venous
outflow and is formed by the junction of the splenic and su-
perior mesenteric veins behind the neck of the pancreas. The
inferior mesenteric vein enters into either the superior mesen-
teric vein or the splenic vein while the coronary (left gastric)
vein may enter into either the portal vein or the splenic vein
behind the pancreas. The umbilical vein, which runs in the
edge of the falciform ligament, consistently enters into the
left portal vein and with portal hypertension may become
quite large, acting as a collateral pathway. Gastroesophageal
varices are the classic collateral pathway that develop from

the left gastric and short gastric veins to the lesser and greater
curves of the stomach. These veins run submucosally across
the gastroesophageal junction up the esophagus. Additional
collateral pathways are found in the periumbilical area com-
municating with the umbilical vein, the retroperitoneum, and
between the inferior mesenteric vein and the hemorrhoidal
venous plexus of the anal canal (Fig. 20.7).

Etiology

Portal hypertension is classified by the site of obstruction as
presinusoidal, sinusoidal, and postsinusoidal hypertension.
Presinusoidal portal hypertension is either extrahepatic or in-
trahepatic. Thrombosis of the extrahepatic portal vein or one
of its major branches causes extrahepatic portal hypertension.
Schistosomiasis and congenital hepatic fibrosis cause intra-
hepatic presinusoidal portal hypertension. In general, hepa-
tocellular function is preserved in presinusoidal portal hy-
pertension, which has implications for both prognosis and
management. Cirrhosis causes sinusoidal portal hyperten-
sion, which is the most common cause of portal hyperten-
sion in North Americans. Postsinusoidal portal hypertension
is caused by hepatic venous outflow obstruction either at the
terminal hepatic venule level (venoocclusive disease) or at 
the major hepatic vein/suprahepatic inferior vena cava level
(Budd–Chiari syndrome).

Natural History

Approximately one-third of patients with compensated cir-
rhosis will have varices at the time of their initial diagnosis.
The risk of initial bleeding from varices can be predicted by
variceal size,119 portal pressure greater than 12 mmHg, and
advanced-stage liver disease.120,121 Acute variceal bleeding is
associated with a mortality of approximately 30%. Patients
with advanced liver disease (Child’s C) are at the highest risk
of death usually from progressive liver failure.
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Management

Management of varices depends whether the intent is to pre-
vent initial bleeding, to manage an acute variceal bleed, or
prevent recurrent variceal bleeding.

PREVENTION OF INITIAL BLEEDING

The high mortality associated with first variceal bleeding
episodes has led to the investigation of a variety of methods
of prophylaxis. Initial enthusiasm for prophylactic portacaval
shunts waned after several studies demonstrated high mor-
tality rates, and thus operative prophylaxis has essentially
been abandoned.122,123 The role of transjugular intrahepatic
portasystemic shunting (TIPS) has not been assessed in the
prophylactic setting to date but is presently considered in pa-
tients awaiting transplantation who have both large high-risk
varices and intractable ascites.

Sclerotherapy is not presently considered as primary pro-
phylactic strategy for prevention of first bleeding.124

Beta blockers have been demonstrated to lower portal
pressure by approximately 20%.125 Ideally the dose of beta
blockade is titrated to lower the portal pressure below 12
mmHg or to achieve a reduction of 20% from baseline. A
meta-analysis of nine primary prophylaxis trials using pro-
pranolol or nadolol demonstrated a significant decrease in the
risk of first bleeding in patients receiving beta blockade. These
studies suggest that screening of cirrhotic patients should be
performed and that patients with medium to large varices
should be started on beta blockade.

MANAGEMENT OF ACUTE VARICEAL BLEEDING

Initial management of the patient with acute variceal bleed-
ing includes intravascular volume replacement, general sup-
portive care, and arresting the bleeding. Intravascular volume
resuscitation should be performed using blood products be-
cause the use of crystalloid solutions in patients with cir-
rhosis results in the rapid development of ascites and edema.
Patients with active bleeding should be managed in an in-
tensive care unit setting with appropriate hemodynamic 
monitoring and airway protection. Blood in the GI tract is not
tolerated by cirrhotics, with increased risk of bacterial trans-
location and sepsis as well as inducing encephalopathy. Lac-
tulose should be given orally or via NG tube or enemas in
the comatose patient.

The use of octreotide has supplanted vasopressin as phar-
macological intervention to prevent bleeding (Table 20.3). So-
matostatin and its synthetic analogue octreotide are potent
vasoconstrictors at supraphysiological doses. Octreotide is
given initially as a 50-�g bolus followed by an infusion of 50
�g/h; this is continued through endoscopic intervention and
usually for the subsequent 24 h.

Endoscopy plays a role in both the diagnosis and treat-
ment of acute variceal bleeding. It should be remembered that
up to 60% of GI bleeding in alcoholic cirrhotics is of non-
variceal origin. The goal of endoscopy is to identify active
bleeding, detect signs of recent bleeding, and exclude other
sources of upper GI bleeding. Acute bleeding can be stopped
in approximately 90% of patients with an endoscopic ap-
proach. Patients who have bleeding that cannot be controlled
by endoscopic management should be managed with the in-
sertion of a Sengstaken–Blakemore tube. The goal is to use

tamponade as a temporizing maneuver only while definitive
management is being arranged.

Definitive management strategies for patients who fail en-
doscopic management and require balloon placement include
TIPS and emergency portacaval shunting. As emergency por-
tacaval shunts are associated with a mortality of at least 50%,
there is currently greater enthusiasm for the use of TIPS in
the emergency setting. TIPS is an interventional radiologic
procedure that creates a communication through the hepatic
parenchyma between the hepatic and portal veins (Fig. 20.8).
Given the results of recent studies, surgical decompression in
the emergency setting is reserved for situations in which TIPS
cannot be performed.126

PREVENTION OF RECURRENT BLEEDING

First-line management for the prevention of rebleeding from
varices requires thorough endoscopic obliteration of varices. In
addition beta blockade alone has been used.

Patients who fail first-line management should be con-
sidered for portal decompression or devascularization proce-
dures. An exact definition of failure of management does not
exist, but patients who generally rebleed after initial obliter-
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TABLE 20.3.

Randomized Controlled Clinical Trials of Vasopressin
versus Octreotide and Their Relative Efficacy at 
Arresting Variceal Bleeding (Level I Evidence).

Patients Octreotide Vasopressin 
Reference Year (n) efficacy (%) efficacy (%)

Kravetz et al.131 1984 61 53 58
Jenkins et al.132 1985 22 100 33
Bagarani et al.133 1987 50 67 32
Saari et al.134 1990 54 66 52
Hsia et al.138 1990 46 55 38
Walker et al.136 1992 50 68 80 (glypressin)
Hwang et al.137 1992 48 63 46

FIGURE 20.8.  Diagram of transjugular portasystemic shunt (TIPS)
demonstrates the usual placement from an intrahepatic right portal
vein to the right hepatic vein. (Reproduced from Henderson et al.,138

with permission.)



ation of their varices, patients for whom it is not possible to
obliterate their varices that rebleed, or patients who develop
bleeding gastric varices should be considered for surgical or
radiologic intervention.

Options for portal decompression include operative
shunts or TIPS. TIPS is effective in the short term in reducing
bleeding, but stent stenosis or thrombosis has been reported
in 30% to 60% of cases.127,128 Current recommendations are
that patients with poor hepatocellular function who are liver
transplant candidates should undergo TIPS, while patients
who have preserved hepatocellular function and are unlikely
to go on to transplant within the next several years should
undergo operative shunting because of the reported higher pa-
tency rate with surgical shunts.

Operative shunts are classified as total or partial, and se-
lective or nonselective, depending on their effects on portal
flow. Total shunts have a diameter of 1 cm or greater and di-
vert all portal flow into the systemic circulation via the in-
ferior vena cava or one of its major branches. Because portal
venous diversion is total, the overall effect on hepatocyte
function tends to be detrimental with resultant higher rates
of encephalopathy.

Partial portosystemic shunts have limited diameters, be-
tween 8 and 10 mm, and can be placed in the mesocaval or,
more commonly, portocaval position. The goal of partial
shunts is to lower portal pressure to approximately 12 mmHg
while maintaining portal venous flow toward the liver with
a lesser effect on hepatocellular function compared to total
shunts.

A variety of nonshunt or devascularization operations
have been described. The most successful and widely adopted
procedure has been the Sugiura procedure, which consists of
splenectomy, proximal gastric devascularization, selective
vagotomy, pyloroplasty, esophageal devascularization, and
esophageal transection.129 The goal of devascularization pro-
cedures is to reduce inflow to the esophageal varices and
therefore reduce or eliminate bleeding. Devascularization pro-
cedures have the advantage of maintaining portal flow and
therefore minimizing encephalopathy.

Liver Transplantation

Portal hypertension alone is not considered an indication for
liver transplantation but is reserved for patients with variceal
bleeding with decompensated cirrhosis. Patients with ad-
vanced liver disease and variceal bleeding should undergo ei-
ther endoscopic control or TIPS as a stabilizing maneuver,
with subsequent workup for transplantation. One-year mor-
tality rates for Child’s C patients have been reduced from ap-
proximately 80% following shunt procedures to 20% with
transplantation.

Budd–Chiari Syndrome

Obstruction of hepatic venous outflow by thrombosis of he-
patic veins secondary to hematological disorders, trauma, tu-
mor, or venacaval webs leads to congestion of the sinusoids
and hepatocellular necrosis. Depending on the acuity and de-
gree of obstruction, patients can present with wide-ranging
symptomatology from slowly progressive liver dysfunction to
fulminant hepatic failure. Early accurate diagnosis by radio-
logic imaging and biopsy is essential because early portal de-

compression allows liver function to return to normal.130 Por-
tal decompression via a side-to-side portacaval or mesocaval
shunt allows the portal vein to become the hepatic venous
outflow tract. Occasionally inferior vena cava (IVC) obstruc-
tion occurs and a mesoatrial or combined portacaval/cavo-
atrial shunt is required to decompress the liver. Liver trans-
plantation has also been used successfully in Budd–Chiari
syndrome; however, it is generally reserved for patients with
decompensated liver function.

Ascites

Ascites frequently accompanies portal hypertension, particu-
larly with sinusoidal or postsinusoidal obstruction. Elevated
hepatic sinusoidal pressure leads to a transudate of high-
protein fluid from the liver into the peritoneal cavity. Ascites
accumulation causes decreased intravascular volume, in-
creased aldosterone secretion, redistribution of renal blood
flow, and salt retention. Standard management of ascites in-
cludes salt (20 mEq/day) and water restriction and diuretic
therapy. Ascites that is refractory to diuretics can be man-
aged by repeated paracentesis; however, this is an indication
of decompensated cirrhosis and liver transplantation should
be considered. In the past, peritoneojugular or LeVeen shunts
have been placed for the management of refractory ascites,
but this now is largely of historical interest. TIPS has recently
become an option for the management of refractory ascites
although experience is limited.
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Small Intestine
Richard A. Hodin and Jeffrey B. Matthews

Anatomy and Physiology

Gross and Histological Anatomy

GENERAL CONSIDERATIONS

The small bowel measures 12 to 20 feet in length from py-
lorus to ileocecal valve. The duodenum is mostly retroperi-
toneal and wraps in a C-shape around the head of the pan-
creas. Its first and second portions lie adjacent to the
gallbladder and liver, and thus duodenal pathology may ex-
tend to involve these organs and vice versa. Pathology at the
ampulla of Vater may produce obstructive jaundice or pan-
creatitis. The jejunum begins at the ligament of Treitz. The
jejunum and ileum are suspended on a mobile mesentery cov-
ered by a visceral peritoneal lining that extends onto the ex-
ternal surface of the bowel to form the serosa. Adhesions
caused by surgery or inflammation may limit the mobility of
the loops and lead to obstruction or internal hernia. The je-
junum and ileum comprise about two-fifths and three-fifths
of the mobile portion of the small intestine, respectively. Cir-
cumferential mucosal folds (plicae circularis) are abundant in
the jejunum but absent in proximal duodenum and distal
ileum.

BLOOD SUPPLY AND LYMPHATIC DRAINAGE

The proximal duodenum receives its blood supply from the
celiac axis, but the remainder of the small intestine is sup-
plied by the superior mesenteric artery (SMA). Although
mesenteric arcades form a rich collateral network, occlusion
of a major branch of the SMA may result in segmental in-
testinal infarction. Venous drainage is via the superior mesen-
teric vein, which then joins the splenic vein behind the neck
of the pancreas to form the portal vein. Elliptical, approxi-
mately 2 cm, lymphoid aggregates (Peyer’s patches) are pres-
ent on the antimesenteric border along the distal ileum, and

smaller follicles are evident throughout the remainder of the
small intestine. Lymphatic drainage of the intestine is abun-
dant. Regional lymph nodes follow vascular arcades and drain
toward the cysterna chyli.

LAYERS OF THE BOWEL WALL

The small bowel wall consists of the outermost serosa, fol-
lowed by the muscularis, submucosa, and, innermost, the
mucosa (Fig. 21.1). The serosa is a single layer of flattened
mesothelial cells that covers the jejunum and ileum but only
the anterior surface of the duodenum. The muscularis con-
sists of two layers of smooth muscle, a thicker inner circular
layer and a thinner outer longitudinal layer. Specialized in-
tercellular junctional structures called gap junctions electri-
cally couple adjacent smooth muscle cells and allow efficient
propagation of peristaltic signals. Ganglion cells and nerve
fibers of Auerbach’s myenteric plexus interdigitate between
layers and communicate with smaller neural elements be-
tween cells. The submucosa is a dense connective tissue layer
populated by diverse cell types, including fibroblasts, mast
cells, lymphocytes, macrophages, eosinophils, and plasma
cells. The submucosa is the strongest layer of the bowel wall,
which should be taken into account when performing sutured
anastomoses. Networks of arterioles, lymphatic and venous
plexuses, and nerves crisscross through the submucosa.
Meissner’s submucosal neural plexus interconnects with
neural elements from Auerbach’s plexus in this region.

The mucosa is characterized by a villus architecture that,
combined with circular folds, amplifies potential absorptive
surface area 20-fold. The mucosa is subdivided into three lay-
ers. The muscularis mucosae consists of a thin sheet of
smooth muscle cells. The lamina propria consists of con-
nective tissue that extends from the base of the crypts up into
the core of the intestinal villi. The innermost layer is made
up of a continuous sheet of columnar epithelial cells com-
posed of multiple cell types.
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The Intestinal Epithelium and Its Functions

GENERAL CONSIDERATIONS

The intestinal epithelium is extraordinarily complex, com-
posed of heterogenous cell types that reside within a highly
organized supporting tissue structure containing multiple reg-
ulatory elements (Fig. 21.2). Intestinal epithelial cells rest on
a thin basement membrane overlying the lamina propria (Fig.
21.3). A central arteriole within the villus core is surrounded
by a fenestrated capillary network that optimizes counter-
current exchange of oxygen and plasma solutes while pro-
viding an efficient pathway for absorption of nutrients.
Mononuclear cells and neutrophils reside in or traffic into the
lamina propria during normal or disease states.

There are two major compartments to the intestinal ep-
ithelium, the crypt and the villus, each with distinct func-
tion and cellular composition. The majority of crypt cells are
undifferentiated; some mature into mucus-secreting goblet
cells and enteroendocrine cells, but most take on functional
characteristics of absorptive enterocytes.1,2 The lifespan of
the enterocyte is 3 to 5 days. The villus compartment is non-
proliferative, and senescent enterocytes undergo apoptosis
and are extruded.3

BARRIER FUNCTION

The intestinal epithelium selectively limits the permeation
of potentially harmful luminal substances. The anatomical
locus of this “barrier” is the intercellular junctional com-
plex,4,5 a three-level structure that forms a circumferential
seal between adjacent cells. The tight junction (zonula oc-
cludens) faces the lumen and is the site of membrane-to-
membrane “kisses”. The intermediate or adherens junction
(zonula adherens) lies deep to the tight junction, at which
site the transmembrane protein E-cadherin interacts with cy-
toskeletally linked signaling elements. The desmosome is the
innermost element of the junctional complex.

DIGESTION AND ABSORPTION

The small intestine receives about 1 to 1.5 l/day of ingested
fluid plus about 8 l of salivary, gastric, and pancreaticobiliary
secretions. Most of this fluid is reabsorbed before reaching
the colon. Water movement is driven by the active transcel-
lular absorption of Na� and Cl� and by the absorption of nu-
trients such as glucose and amino acids. The energy for many
of these transport processes derives from the activity of a ba-
solateral Na�-K� ATPase, which maintains the low Na� in-
ternal environment that drives uptake via coupled ion ex-
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FIGURE 21.1.  Layers of the intestinal wall. (From Dodd EE. Atlas of Histology, New York: McGraw-Hill, 1979, with permission.)

FIGURE 21.2.  Schematic representation of various cell types and fac-
tors that may affect intestinal epithelial cell function. (From Schultz
SG, ed. Handbook of Physiology: IV. The Gastrointestinal System.
New York: Oxford University Press, Inc., 1991, with permission.)



changers (Na�/H� and Cl�/HCO3
�) and Na�-coupled nutri-

ent transporters.
Digestion begins in the stomach with the action of gas-

tric acid and pepsin. In the proximal duodenum, ingested
foodstuffs are broken down by pancreatic proteases such as
trypsin, elastase, chymotrypsin, and carboxypeptidases. The
activity of brush border hydrolases and oligopeptidases then
accomplishes terminal protein and carbohydrate digestion,
and the resulting monosaccharides, amino acids, or di- and
tripeptides then serve as substrates for Na�- or H�-coupled
transporters in the apical membrane of absorptive entero-
cytes (Fig. 21.4). The apical membrane of these cells is well
suited to the task of absorption by virtue of a microvillus
brush border that amplifies absorptive area 30-fold. Fat di-
gestion and absorption occur in the proximal small intes-

tine, where pancreatic lipase partially hydrolyzes triglyc-
erides into two fatty acids plus a central fatty acid linked
to glycerol (monoglyceride). These substances are solubi-
lized by bile salts to form micelles or mixed micelles (which
additionally contain phospholipids, cholesterol, and fat-
soluble vitamins). Micelles diffuse into enterocytes through
the overlying mucus and apical plasma membrane, releas-
ing fatty acid and monoglyceride into the cell along the way.
Triglycerides are reformed intracellularly and are incorpo-
rated along with cellular protein, phospholipid, and cho-
lesterol to form chylomicrons. Chylomicrons, which con-
sist of an inner core of triglycerides and an outer coat of
phospholipid and apoproteins, then exit the cell to be ab-
sorbed by the lymphatic system. Bile salts are resorbed into
the enterohepatic circulation in the distal ileum by an ileal
Na�-coupled bile acid transporter.6,7

SECRETION

Intestinal crypt cells have the capacity to secrete an isotonic
fluid through the active transcellular transport of Cl�.8–10

This process lubricates mucosal surfaces and facilitates the
luminal extrusion of other secreted substances (e.g., secretory
IgA and Paneth cell-derived cryptdins). Clinical diarrhea re-
sults when secretion exceeds colonic absorptive capacity. The
cellular basis for epithelial Cl� secretion involves Cl� uptake
across the basolateral membrane via a Na�-K�-2Cl� co-
transporter followed by Cl� extrusion across the apical mem-
brane via Cl� channels, including the cystic fibrosis trans-
membrane conductance regulator (CFTR) (Fig. 21.5).

Intestinal Immune Function

GENERAL CONSIDERATIONS

The mucosal immune system is critically important in de-
fense against toxic and pathogenic threats from the luminal
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FIGURE 21.3.  Schematic cross-sectional representation of two in-
testinal villi and an intervening crypt, illustrating the structural ar-
chitecture and relationship to supporting tissue structure. (From
Sleisinger MH, Fordtran JS, eds. Gastrointestinal Disease, Philadel-
phia: WB Saunders Co.,  1993, with permission.)

FIGURE 21.4.  Digestion and absorption of peptides in the entero-
cyte by (1) brush border peptidases, (2) brush border amino acid trans-
port systems, (3) brush border peptide transport systems, (4) cyto-
plasmic peptidases, (5) basolateral amino acid transport systems, and
(6) basolateral peptide transport systems. (By permission from John-
son LR, ed. Physiology of the Digestive Tract, Philadelphia: Lippin-
cott Williams & Wilkins, Third Ed. 1994.)

FIGURE 21.5.  Model for active chloride secretion by crypt epithe-
lial cells, the process underlying secretory diarrhea. Cl� accumulates
intracellularly by the combined action of a basolateral Na�-K�-2Cl�

cotransporter, coupled to the Na�-K� ATPase pump and K� chan-
nels. Cl� exits the cell across the apical membrane by regulated Cl�

channels including the cystic fibrosis transmembrane conductance
regulator (CFTR).



environment.11,12 The lamina propria contains numerous im-
mune cells including plasma cells, mast cells, and lympho-
cytes that produce not only immunoglobulins but also cy-
tokine mediators.13

SECRETORY IGA AND EPITHELIAL IMMUNE FUNCTION

Lamina propria plasma cells produce IgA in response to food
antigens and microbes. IgA and IgM are secreted into the gut
lumen by a mechanism that involves transcytosis through ep-
ithelial cells.14 Secretory IgA prevents microbial pathogens
from penetrating the epithelial layer. IgA–antigen interactions
also occur within the intraepithelial and subepithelial com-
partments. In contrast to IgG, IgM, and IgE, antibodies of the
IgA class evoke a much less proinflammatory (indeed, an an-
tiinflammatory) response and thus contribute to the overall
immunosuppressive tone of the mucosal immune system. In
addition, intestinal epithelial cells themselves may also con-
tribute to the immune function of the gut by transmitting im-
portant immunoregulatory signals to the underlying lympho-
cytic population.15,16

M CELLS AND GUT-ASSOCIATED LYMPHOID TISSUE

Specialized cells known as M cells are found overlying
Peyer’s patches (Fig. 21.6) and serve as the major portal of
entry for foreign material.20 Specialized membrane invagi-
nations in M cells create a pocket in which lymphocytes
and macrophages gather. Luminal substances are immedi-
ately delivered to these professional antigen-processing
cells, and this information is then directly conveyed to the
underlying follicles. Antigen-specific lymphocyte prolifera-
tion occurs within Peyer’s patches, and IgA-producing B
cells migrate to regional lymph nodes and into the systemic
circulation, from where they migrate back to diffusely pop-
ulate the mucosa within the lamina propria. Within the
lamina propria and submucosa, mature T cells, B cells, and
macrophages carry out traditional cell-mediated immune
responses including phagocytosis, cell killing, and secretion
of cytokines.

Intestinal Neuroendocrine Function

GENERAL CONSIDERATIONS

The intestine is a rich source of regulatory peptides that con-
trol various aspects of gut function. These substances, re-
leased in response to luminal or neural stimuli, exert their
biological actions either at distant sites (by entering the blood-
stream in classical hormone fashion) or locally (as paracrine
factors or neurotransmitters).

SECRETIN AND RELATED PEPTIDES

Secretin is a 27-amino-acid peptide released by enteroen-
docrine cells in the proximal small bowel in response to lu-
minal acidification, bile salts, and fat. Its major function is
to stimulate pancreatic ductal bicarbonate secretion. Secretin
inhibits gastric release, gastric acid secretion, and gastroin-
testinal motility. Additionally, it stimulates bile flow by stim-
ulating fluid secretion from cholangiocytes. Paradoxically, 
secretin stimulates rather than inhibits gastrin release in pa-
tients with gastrinoma, and this phenomenon forms the basis
for the secretin infusion test in suspected Zollinger–Ellison
syndrome. Other members of the secretin family that share
substantial sequence homology and interact with similar 
G-protein-coupled receptors include vasoactive intestinal
polypeptide (VIP), pituitary adenylate cyclase-activating poly-
peptide (PACAP), glucagon, gastric inhibitory polypeptide
(GIP), and enteroglucagon.17 Enteroglucagon and glucagon-like
peptides (GLP) are secreted by neuroendocrine cells in the
colon and small intestine and may be important in gut adap-
tation and glucose homeostasis.18

CHOLECYSTOKININ

Cholecystokinin (CCK) is released by specialized small-bowel
enteroendocrine cells in response to luminal amino acids and
medium- to long-chain fatty acids.19 CCK release is inhibited
by intraluminal trypsin and bile salts. Two major targets of
CCK are the gallbladder and the sphincter of Oddi, where it
causes coordinated contraction and relaxation, respectively,
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FIGURE 21.6.  M cells and luminal pathways for
antigen entry. Antigens can enter via M cells to
deliver antigen directly to underlying immune
cells. Alternatively, enterocytes may act as weak
antigen-presenting cells. (From Madara,120 with
permission.)



to enhance luminal mixing of bile with ingested food.20 Ad-
ditionally, CCK stimulates pancreatic enzyme secretion.
CCK stimulates cell growth in intestinal mucosa and pan-
creas, insulin release, and gut motility.

SOMATOSTATIN

Somatostatin is a 14-amino-acid peptide that exerts a wide
variety of inhibitory functions in the gastrointestinal tract.21

It is released from specialized enteroendocrine cells where it
acts in paracrine fashion to inhibit intestinal, gastric, and pan-
creaticobiliary secretion as well as cell growth. Synthetic
forms of somatostatin are used clinically in patients with en-
terocutaneous and pancreaticobiliary fistulae.22

OTHER PEPTIDES

Peptide YY is a 36-amino-acid peptide secreted by the distal
small bowel. PYY appears to inhibit gastric acid secretion. It
also decreases intestinal motility and inhibits pancreatic se-
cretion and release of various intestinal hormones.23–25

Motilin is secreted by the duodenum and proximal jejunum,
where it acts to enhance contractility of smooth muscle and
accelerate gastric emptying.26 Erythromycin is a motilin re-
ceptor agonist, which may explain its utility for certain forms
of delayed gastric emptying.27 Neurotensin is produced in the
ileum and enteric nerves. It appears to affect a variety of en-
teric functions including gastric acid secretion, gastric emp-
tying, intestinal motility, and intestinal secretion, but its pre-
cise physiological role has not been defined. A number of gut
peptides are released from enteric nerves and function as neu-
rotransmitters, for example, VIP, calcitonin gene-related pep-
tide (CGRP), galanin, bombesin, neuropeptide Y, gastrin-
releasing peptides (GRP), and substance P.28 The precise phys-
iological roles of these substances have not been fully eluci-
dated, but they are known to influence motility, local blood
flow, and epithelial and exocrine secretion.

Motility of the Small Intestine

Intestinal motility consists of antegrade propulsion of lumi-
nal contents (peristalsis) combined with mixing action
through segmentation. These functions are accomplished by
the outer longitudinal and inner circular muscle layers of the
intestinal wall, and, to a lesser extent, the muscularis pro-
pria, under the control of the myenteric and submucosal
nerve plexi that interdigitate between these layers. The bowel
is also innervated extrinsically by both vagal and sympathetic
fibers. Cholinergic sympathetic input is excitatory while pep-
tidergic input is probably inhibitory. Peristaltic waves are ini-
tiated by pacesetter potentials that originate in the duode-
num. A nerve-related cell type known as the interstitial cell
of Cajal appears to play a key role in the generation of pace-
maker activity.29

The intestinal wall undergoes two distinct forms of con-
traction. Ring contractions are circumferential indentations
that propagate caudally and grossly appear as classical peri-
staltic waves, whereas sleeve contractions consist of a sub-
tler shortening of the intestinal wall. Small-intestinal mo-
tility varies with the fasted and fed state. During the
interdigestive or fasting period between meals, a cyclical pat-
tern of motor activity consisting of three phases is observed.
This three-phase cycle, when viewed across the longitudinal
axis of the small bowel, results in a pattern called the mi-
grating motor complex.

Mechanical Obstruction of the Intestine

Clinical Presentation and Diagnosis

Obstruction of the intestine occurs when there is impairment
in the normal flow of luminal contents caused by an extrin-
sic or intrinsic encroachment on the lumen. Intestinal
pseudoobstruction, or adynamic ileus, can mimic mechani-
cal obstruction, but differs in that the underlying problem is
due to disordered motility. The key to management of small-
intestinal obstruction is early diagnosis.

ETIOLOGY

Intestinal obstruction has a variety of causes, which differ as
a function of age (Table 21.1).

CLINICAL PRESENTATION

In the setting of obstruction, the normal absorptive mecha-
nisms of the small bowel are deranged such that excess fluid
losses occur. Initially, there is vomitus, bowel wall edema,
and transudative loss into the peritoneal cavity, but during
the late stages of obstruction, venous pressure increases with
resultant hemorrhage into the lumen, worsening hypo-
volemia. The normal relatively sterile environment of the
proximal small intestine is altered under obstructed condi-
tions such that bacterial overgrowth occurs, most notably in-
volving the anaerobes such as Bacteroides. The feculant vom-
iting seen in cases of long-standing distal small-bowel
obstruction is the result of this bacterial overgrowth and is
virtually pathognomonic for a high-grade or complete distal
mechanical small-bowel obstruction.

The diagnosis of intestinal obstruction is usually made on
clinical grounds with the symptoms of crampy abdominal
pain, decreased or absent flatus and stool, nausea, or vomit-
ing. A prior history of small-bowel obstruction should be
sought, because those patients with mechanical small-bowel
obstruction caused by adhesions often experience recurrence.
A history of other possible causes for small-bowel obstruc-
tion (e.g., Crohn’s disease, radiation therapy) should be con-
sidered. The vomitus often contains occult blood and appears
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TABLE 21.1. Common Causes of Mechanical Obstruction of the Small Intestine as a Function of Age.

Neonate Infant Young adult Adult

Atresia Groin hernia Adhesions Adhesions
Midgut volvulus Intussusception Groin hernia Groin hernia
Meconium ileus Meckel’s diverticulum



as “coffee grounds” in color, probably because of distension
of the stomach with resultant mucosal hemorrhage. The level
of the obstruction is often suggested on the basis of the pat-
tern of the pain, with proximal obstructions usually causing
more frequent cramps, perhaps every 3 to 5 min, whereas
more distal obstructions cause less severe cramps with longer
durations between episodes.

The obstructed patient often displays signs of dehydration
with dry mouth and loss of skin turgor. The waves of ab-
dominal pain, or colic, can actually be witnessed at the bed-
side and provide the strongest possible indication of a me-
chanically obstructed intestine. Occasionally, audible bowel
sounds, or borborygmi, are present as a result of strong in-
testinal muscular contractions. Inspection of the abdomen
usually reveals distension, although this may be absent in
proximal obstruction. The presence of surgical scars should
be noted, indicating the possibility of intraabdominal adhe-
sions as the cause. An abdominal wall hernia might also be
evident as the site of the obstruction. When hernia contents
are soft and easily reducible in the obstructed patient, it is
likely that an etiology other than the hernia exists. Although
mild diffuse tenderness is a common feature in patients with
distension from a mechanical obstruction, involuntary guard-
ing or other signs of peritoneal irritation are unusual and sug-
gest the possibility of ischemia or infarction of the bowel, per-
haps even with perforation. Rectal examination is important
to detect mass lesions and to check for the presence of stool,
which is usually absent in cases of mechanical bowel ob-
struction, especially of long-standing nature.

DIAGNOSIS

Laboratory tests are not generally helpful in the diagnosis or
management of patients with bowel obstruction. Routine
blood counts reveal an elevated hematocrit indicative of in-
travascular volume depletion. Leukocytosis is sometimes
present, but is often the result of hemoconcentration and an
acute stress response rather than actual underlying infection.
A markedly elevated white blood cell count should raise the
suspicion for strangulation. The blood chemistry may reveal
elevated blood urea nitrogen and creatinine, indicating hypo-
volemia with prerenal azotemia.

Plain X-rays of the abdomen are perhaps the most useful
adjunctive test to confirm the diagnosis of bowel obstruction.
Small-bowel obstruction leads to dilatation of the small bowel
with air–fluid levels on an upright film. The presence of free
air on a plain upright X-ray indicates perforation and the need
for urgent operation. In small-bowel obstruction of long-
standing nature, perhaps greater than 24 h, all the air and
stool from the colon will have been evacuated, and this is ev-
ident on plain abdominal films. However, if the obstruction
is in its early phase, or if it is only partial, then some air and

stool are present within the colon, making distinction be-
tween an early complete and a partial small-bowel obstruc-
tion very difficult.

Computed tomography (CT) is employed increasingly to
evaluate patients with suspected bowel obstruction. The CT
scan can often clearly identify dilated proximal and collapsed
distal bowel, a feature that is aided by the administration of
an oral contrast agent. The precise site and etiology of the ob-
struction may not be identified by CT, as in the case of ad-
hesions, although in some instances an obstructing lesion can
be seen. Based upon the high (up to 100%) sensitivity de-
scribed in the literature, CT30 has replaced the contrast small-
bowel follow-through in many centers as the primary radio-
logic tool in suspected mechanical small-bowel obstruction.

Abdominal ultrasound has also been touted for patients
with suspected small-bowel obstruction. Ultrasound can de-
tect fluid-filled, dilated small bowel proximal to collapsed
bowel and also the presence of peristaltic activity. Compared
to plain radiographs, ultrasound has been shown in two stud-
ies31,32 to be superior in detecting small-bowel obstruction.
Ultrasonic evaluation is operator dependent, however, limit-
ing its value to those who have expertise readily available.

Treatment of Small-Bowel Obstruction

GENERAL CONSIDERATIONS

Among the most important distinctions in the patient with
a mechanical bowel obstruction is whether the site is within
the small or large intestine. The differentiation between
small- and large-bowel obstruction is critical in regard to both
underlying cause (Table 21.2) and clinical management.

SIMPLE VERSUS STRANGULATING OBSTRUCTION

The most important issue to be addressed in patients with
mechanical small-bowel obstruction is whether strangulation
exists. Series that have compared mortality figures for sim-
ple versus strangulating obstruction have clearly demon-
strated the importance of early recognition and treatment, as
mortality for strangulated cases is generally 2- to 10-fold
higher than that for simple obstruction.33 Consequently, it
has generally been accepted that only short periods of obser-
vation (�24 h) are appropriate in patients with apparent me-
chanical small-bowel obstruction, for fear of missing an un-
suspected strangulation.

Because clinical criteria are imperfect in terms of differ-
entiating simple from strangulating obstructions, a variety of
radiologic tests have been employed. It is clear that plain ab-
dominal radiographs can be helpful in diagnosing a bowel ob-
struction, but normal X-rays can be seen in as many as 20%
of those patients with strangulation.34,35 The presence of a
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TABLE 21.2. Clinical Differences Between Small- and Large-Bowel Obstruction.

Small-intestinal obstruction Large-intestinal obstruction

Most common causes Adhesions and groin hernias Cancer and inflammatory diseases
Symptoms Abdominal cramps and vomiting at Abdominal cramps and vomiting less prominent or frequent

regular/frequent intervals
Signs Mild–moderate abdominal distension Moderate–marked abdominal distension
Plain abdominal films Dilated small intestinal loops with air/fluid Dilated air-filled colon with or without small-bowel 

levels; paucity of air and stool distally distension and air/fluid levels



single loop of dilated small bowel in the setting of acute, se-
vere abdominal pain should raise the suspicion of a strangu-
lated closed-loop obstruction. Abdominal CT has been re-
ported to be useful in identifying strangulation, usually on
the basis of either bowel wall thickening, mesenteric edema,
asymmetrical enhancement with contrast, pneumatosis, or
portal venous gas. Figure 21.7 illustrates several features of
strangulating obstruction detected by CT scan in a patient
proven at operation to have a large segment of infarcted small
intestine.

NONOPERATIVE TREATMENT

With improved surgical and anesthetic management, mor-
tality from small-bowel obstruction has decreased during the
past 50 to 60 years from approximately 25% to 5%.33 Ini-
tial therapy is directed at correction of intravascular fluid
and electrolyte abnormalities. The patient should be given
nothing by mouth. Nasogastric tube suction can provide
symptomatic improvement for patients with emesis. Reso-
lution of the obstruction may occur after adequate hydra-
tion and decompression via a nasogastric tube, avoiding the
need for surgical intervention. This nonoperative approach
is often successful in those patients with either partial ob-
struction from adhesions or obstructions related to im-
paction of food particles at the sites of luminal narrowing,
such as a Crohn’s stricture. In addition to standard naso-
gastric tubes, a variety of long intestinal tubes have been
used in an attempt at optimizing luminal decompression.
However, no advantage in using these long tubes has been
demonstrated.

Obstruction caused by incarcerated hernia can some-
times be relieved by reduction of the hernia, a procedure
that should be performed cautiously and only by experienced
clinicians. Excessive external pressure will lead to signifi-
cant patient discomfort and, in rare circumstances, an in-
advertent reduction “en masse” may occur, resulting in dis-
appearance of the hernia bulge but with persistent bowel
obstruction and possible strangulation within the constrict-
ing peritoneal sac.

OPERATIVE TREATMENT

Surgical intervention is indicated for those patients with a
complete small-bowel obstruction who have any signs or
symptoms indicative of strangulation or for those patients
with simple obstruction that has not resolved within a rea-
sonable period of nonoperative therapy, generally 24 to 48 h.
Most clinicians would agree that constant or severe pain, es-
pecially associated with fever or signs of peritoneal irritation,
are indications for urgent laparotomy.

The surgical approach to most patients with small-bowel
obstruction is straightforward and includes laparotomy with
adhesiolysis and resection of nonviable intestine. In most
cases, all the adhesions should be lysed to ensure that the ob-
struction is relieved and perhaps to prevent future recur-
rences. When an obstructing lesion is identified, resection
with primary anastomosis is performed.

Since the advent of minimally invasive surgical tech-
niques in the 1980s, some surgeons have employed a laparo-
scopic approach to patients with small-bowel obstruction.36

A single adhesive band may be lysed laparoscopically or a
small laparotomy performed overlying the area of obstruction,
thereby avoiding a long incision in the abdominal wall. Lap-
aroscopy in the setting of a bowel obstruction can be per-
formed safely, but the open technique is preferred to avoid
the blind insertion of needles or trochars into the peritoneal
cavity when distended loops of bowel are present.

Special Forms of Intestinal Obstruction

STRICTURE

Crohn’s disease is among the most common etiologies for
small intestinal stricture. Certain drugs37,38 are known to
cause mucosal ulceration and strictures, most notably enteric-
coated potassium chloride preparations39 and the non-
steroidal antiinflammatory agents.40,41 Radiation therapy for
intraperitoneal malignancy can lead to stricture formation,
especially in the patient who has undergone previous surgery
such that adhesions may “fix” the loops of intestine, allow-
ing for greater exposure to isolated segments.42 Because of
problems with healing, obstructing segments of irradiated
bowel either should be bypassed43 or, if a resection is per-
formed, at least one end of an anastomosis should include
nonirradiated bowel.44 Mesenteric ischemia can also lead to
stricture formation, the distal ileum being at greatest risk be-
cause the ileocolic artery is the last branch of the superior
mesenteric artery.45 Various neoplasms, including carcinoma,
carcinoid, and lymphoma, can also cause strictures within the
small intestine.46,47 In most cases of small-bowel stricture,
the obstructive symptoms are chronic and progressive in na-
ture, and the best surgical approach is resection whenever
technically feasible.

INTERNAL HERNIAS

Internal herniation can be related to abnormalities created by
prior operations, as from adhesions or in the paracolic or
paraileal spaces adjacent to end stomas. In addition, congeni-
tal defects causing hernias have been described in the mesen-
teries of the ileum, transverse colon, sigmoid colon, and that
of a Meckel’s diverticulum, as well as in the left paracolic gut-
ter and within the falciform ligament.48 The presentation is
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FIGURE 21.7.  CT scan of a patient with a strangulating small-
bowel obstruction. Dilated proximal small intestine is seen to be filled
with the oral contrast agent. More distal loops are fluid filled but with-
out luminal contrast because the “closed loop” is completely ob-
structing. In addition, the bowel wall appears thickened, and there is
evidence of streaky inflammatory changes in the adjacent mesentery.



generally indistinguishable from other causes of intestinal ob-
struction, so that an accurate preoperative diagnosis is rarely
made. Surgical repair of the defect should be performed along
with resection of any nonviable bowel.

GALLSTONE ILEUS

Gallstones account for approximately 1% to 2% of cases of
intestinal obstruction, usually affecting patients older than
60 years.49,50 To cause obstruction, the gallstone must be of
large size (�2.5 cm) and therefore can enter the intestinal
tract only by a process of ulceration and fistulization. The
most common site of entry is a cholecystoduodenal fistula,
although stones may also erode into the stomach, jejunum,
ileum, colon, or through the distal common bile duct into the
duodenum. The gallstone causes obstruction in the distal
ileum or rarely at other areas of intestinal narrowing. The pre-
sentation is that of acute, perhaps recurrent, attacks of small-
bowel obstruction, and is suggested by the concurrent radio-
logic features of intestinal obstruction along with air in the
biliary tree. Surgical treatment mandates removal of the stone
via enterotomy, or resection in cases where the stone has be-
come severely impacted in the wall of the bowel. Whether to
perform a cholecystectomy at the time of laparotomy remains
controversial,51 but so long as the gallbladder is emptied of
all stones, the chances of recurrent intestinal obstruction are
extremely low.33

EARLY POSTOPERATIVE SMALL-BOWEL OBSTRUCTION

In the early postoperative period (within 3–4 weeks) follow-
ing laparotomy for any cause, small-bowel obstruction occurs
in approximately 1% of patients. The differentiation between
obstruction and adynamic ileus can usually be made on clin-
ical grounds because an ileus rarely persists for more than 5
to 6 days. Clearly, many patients thought to have a “pro-
longed ileus” really have some degree of mechanical small-
intestinal obstruction.52 The diagnosis of early postoperative
obstruction can be made in those patients who initially ex-
perience return of bowel function, only subsequently to de-
velop nausea, vomiting, and abdominal distension. Plain ra-
diographs may distinguish adynamic ileus from obstruction
because a predominance of small-bowel gaseous distension
would not be seen in most cases of ileus. CT scan has been
reported to have 100% sensitivity and specificity in distin-
guishing mechanical small-bowel obstruction from paralytic
ileus.53

It should be noted that the distinction between ileus and
mechanical obstruction in the early postoperative period is
rarely of clinical consequence because the treatment is usu-
ally nonoperative.54 Many clinicians have suggested a rela-
tively long trial of nonoperative therapy, perhaps 2 to 4 weeks,
before considering surgical intervention. Clearly, there are
some patients who have more severe forms of obstruction,
for example, twisting of the mesentery, internal herniations,
or bowel sutured in the abdominal closure, who will require
prompt surgical correction, even in the early postoperative
period.

PREVENTION

Adhesion formation can be reduced by avoiding excessive tis-
sue ischemia, trauma, and manipulation. Because fibrin de-

position is an initiating event in adhesion formation, antico-
agulants (e.g., heparin and dextran) or thrombolytic agents
(e.g., streptokinase and urokinase) have been used, but with
minimal success. Several synthetic agents have been devel-
oped that may reduce the incidence of adhesions.

Crohn’s Disease

Although the etiology of Crohn’s disease remains a mystery,
a number of factors, (environmental, genetic, and microbial)
appear to play contributory roles.55 The medical management
of patients with Crohn’s disease has focused primarily on the
inflammatory process because activated T cells seem to be at
the root of this disease. Indications for operation in Crohn’s
disease generally fall under the categories of either (1) in-
tractibility, (2) luminal complications such as obstruction or
hemorrhage, and (3) extraluminal complications such as per-
foration or fistula.

Intractibility

Elective operation in patients with Crohn’s disease should be
considered when nonoperative treatment has failed to con-
trol the symptoms. One must take into account side effects
of medical therapy, notably steroid treatment that can lead
to excessive bone loss, diabetes, and weight gain, among other
problems. When the symptoms or drug side effects reach an
intolerable point, then surgery should be considered. On the
other hand, any discussion regarding elective surgery for
Crohn’s disease must include the issue of recurrent disease
and the recognition that surgery rarely offers a permanent
cure. Past experience shows that approximately 70% of pa-
tients with Crohn’s disease ultimately come to operation at
least once in their lifetime.56

Luminal Complications

Chronic inflammation with stricture formation can cause
mechanical obstruction in some patients. The strictures may
be either single or multiple with intervening “skip areas.” Be-
cause luminal small-bowel obstruction related to Crohn’s
strictures does not lead to strangulation, initial nonoperative
management is indicated and is usually successful. In Crohn’s
patients who have had prior surgery, however, the etiology
for the obstruction could be an adhesive band, and in these
cases a strangulating mechanism may exist. Therefore, a de-
cision to operate for acute obstruction in Crohn’s disease
must include a careful consideration of the underlying mech-
anism with the important goal of avoiding bowel infarction
and its adverse sequelae.

Although most patients with acute small-bowel obstruc-
tion caused by a Crohn’s stricture will improve, recurrent
bouts of obstruction can be an indication for operation. De-
pending upon the number, location, and length of the stric-
tures, either resection or stricturoplasty should be performed.
The benefit of stricturoplasty, where feasible, is that it avoids
the need for resection and subsequent loss of bowel mucosal
surface area, which may be important for preventing the short
bowel syndrome that occurs in some patients with recurrent
Crohn’s disease.
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If a Crohn’s stricture is too long to perform a stricturo-
plasty, for example, greater than 8 to 10 cm, or if there are
separate strictures that are too close to allow for individual
stricturoplasties to be performed, resection is indicated. Re-
currence rates are unaffected by the presence of microscopic
disease at resection margins. As such, it appears that only
grossly involved bowel needs to be resected.

The decision to operate for a Crohn’s stricture should be
based on clinical parameters and not on the radiologic pic-
ture. Many patients remain relatively asymptomatic despite
the presence of a “string sign” that indicates severe luminal
narrowing. Therefore, although it is important to document
objective evidence of stricture formation in patients being
considered for operation with Crohn’s and obstructive symp-
toms, the radiologic appearance in and of itself should not be
an indication for surgery.

Endoscopic dilatation has been used as an alternative to
either resection or stricturoplasty in some patients with
Crohn’s strictures. This technique has generally been em-
ployed in patients with terminal ileal disease, a site that can
be accessed at the time of colonoscopy. The results with en-
doscopic dilatation have been generally poor, however, with
high failure rates and significant risks of complications such
as perforation.57

There is an increase in the incidence of carcinoma in
Crohn’s disease. The presence of a neoplasm may be suggested
in a patient with long-standing Crohn’s who develops an un-
resolving obstruction. If carcinoma is suggested by the clini-
cal or radiolographic picture, then clearly surgical interven-
tion is mandated. In most patients with small-intestinal
carcinoma complicating Crohn’s disease, however, the neo-
plasm is found incidentally.

Extraluminal Complications

Patients who present with acute abdominal pain and evidence
of localized peritonitis often have an extraluminal complica-
tion of their disease. Small perforations or “microperfora-
tions” are usually manifested by signs of infection, including
pain, fever, and leukocytosis. Occasionally, an inflammatory
mass can be palpated, and radiologic evaluation by CT will
show evidence of extraluminal inflammatory changes. A
frank abscess may be amenable to radiologically guided
catheter drainage, leading to a more rapid resolution of the
infection. Most patients with microperforation respond to
bowel rest, i.v. hydration, and i.v. antibiotics. The use of
steroids in this setting is controversial because of concern
that inhibition of the immune response could lead to rapid
deterioration in regard to the underlying infection. Rarely, a
gross perforation from Crohn’s disease leads to diffuse peri-
tonitis and to mandatory, urgent laparotomy with resection
of the involved segment.

The extraluminal component of Crohn’s inflammation can
lead to the development of fistulae, whether enteroenteric, en-
terocutaneous, enterovesicle, or enterovaginal. The existence
of a fistula is not in itself an indication for operation. Rather,
initial therapy should be focused on ensuring the absence of
undrained or ongoing sepsis. Once the infectious process is con-
trolled, operative intervention to alleviate symptoms that may
be related to the underlying fistula may be appropriate. Bypass
procedures have been used in the past under such conditions,
but with modern techniques resection of the involved bowel

segment is safe and preferred because it avoids the potential
for continued sepsis, as well as the development of sequelae
such as carcinoma or bacterial overgrowth.

Recurrence

In patients operated on for small-bowel Crohn’s disease, the
most common site for recurrence is the neoterminal ileum,
with the inflammatory changes typical ending abruptly at the
anastomotic line. In contrast, in patients who initially pre-
sent with ileocolitis, a majority (approximately 65%) of the
recurrences also involve the colon. The reported clinical re-
currence rates in Crohn’s disease have varied widely but are
generally in the range of 35% at 5 years, 55% at 10 years, and
approximately 75% by 15 years. The presence of a sympto-
matic recurrence, however, does not always mandate surgery,
and the need for reoperation is approximately 10 percentage
points lower at each of the intervals.58

Perforative Versus Nonperforative Disease

Patients with Crohn’s disease can be generally categorized
into either “stricturing” or “fistulizing” groups. If a patient
initially presents with fistulizing disease, that is, perforation
or involvement of adjacent organs, then their recurrent dis-
ease following operation will generally manifest in a similar
way. In contrast, those patients with stricturing disease who
initially present with signs and symptoms of obstruction tend
to have recurrent strictures following an initial operation.
These data suggest that in the future we will be able to pre-
dict the course of one’s future disease based upon its initial
presentation, perhaps leading to improvements in treatment.

Laparoscopic Surgery for Crohn’s Disease

A number of centers have reported early experiences with lap-
aroscopic surgery for Crohn’s disease. Unfortunately, the re-
current and inflammatory nature of Crohn’s disease has lim-
ited the application of minimally invasive techniques. For
example, those patients who have had multiple previous op-
erations may have extensive adhesions throughout the peri-
toneal cavity, thereby precluding a laparoscopic approach. In
addition, in some patients with marked thickening of the
mesentery, including the presence of a mass or phlegmon,
laparoscopic manipulation of the bowel can be difficult and
even dangerous.

Laparoscopic Crohn’s surgery generally involves an as-
sisted technique in which the bowel is mobilized from its
peritoneal attachments, and a small incision is then enlarged
to deliver the intestine and perform an extracorporeal resec-
tion and anastomosis. The ideal candidate for such an ap-
proach would be a patient whose disease is limited to a seg-
ment of terminal ileum because mobilization of the distal
small intestine and right colon can be easily accomplished
using the laparoscopic approach.

The indications for a minimally invasive approach in
Crohn’s disease remain undefined. Clearly, if identical results
in regard to the bowel disease can be attained through a
smaller incision and with less morbidity, then such ap-
proaches should be pursued. Theoretically, the laparoscopic
approach may be especially beneficial in Crohn’s disease be-
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cause the amount of adhesion formation may be minimized
by this approach, thereby avoiding some of the morbidity as-
sociated with reoperative surgery in these patients.

Small-Bowel Fistula

A fistula is an abnormal communication between two 
epithelial-lined surfaces. The actual communication between
the two surfaces can become completely epithelialized but 
in most cases is lined by simple granulation tissue. Internal
fistulae can be surgically created (e.g., gastroenterostomy,
cholodochojejunostomy), but internal fistulae can also occur
as a complication of an underlying disease process and often
require surgical correction. External fistulae, on the other
hand, almost always require surgical intervention for physi-
ological and/or psychosocial reasons.

Etiology

Almost all intestinal fistulae are acquired in the course of a
disease process along with its associated operative interven-
tions. To understand the principles of the management of pa-
tients with intestinal fistulae, it is important to recognize
that most fistulae regardless of location or etiology will close
spontaneously so long as the conditions are conducive to heal-
ing. If one or more of the following situations exist, however,
then the fistula will not heal unless the underlying problem
is addressed: distal obstruction, presence of a foreign body,
malignancy, undrained associated abscess, radiation injury, or
an underlying inflammatory process such as Crohn’s disease.
The management of any patient with a fistula must first ad-
dress the issues of fluid, electrolytes, and nutrition. This step
should be followed by an assessment of the underlying process
and a determination as to whether or not the fistula is likely
to heal spontaneously.

Nonoperative Management

Patients with intestinal fistulae often lose fluids and elec-
trolytes in large amounts, especially when the site of in-
volvement is the proximal gut. In these patients, adequate
fluid and electrolyte replacement must be instituted and can
ideally be accomplished via the enteral route, although par-
enteral supplementation may be required. In some cases, an
attempt should be made to minimize fistula output, for ex-
ample, bowel rest and treatment with the long-acting so-
matostatin analogue octreotide. Octreotide must be given par-
enterally and appears to be effective in reducing intestinal
secretions. It is unclear, however, whether somatostatin treat-
ment or the amount of fistula output actually affects the time
to healing of the fistula. Thus, if the situation is such that
fistula healing is expected, it is likely that allowing enteral
nutrition and avoiding the potential side effects of octreotide
outweigh the potential benefits of bowel rest and octreotide.

Skin breakdown at the site of an external (enterocuta-
neous) fistula must be prevented. Activated enzymes within
the intestinal lumen can cause significant maceration of the
skin, leading to irritation, cellulitis, and even frank tissue
loss. Simple measures using stoma appliances or topical
agents can usually prevent these problems.

Radiologic Evaluation

Depending on the clinical scenario, the site of the fistula can
often be predicted. In some cases, however, contrast studies
with either oral agents or via direct injection through an ex-
ternal fistula opening are required to precisely determine the
site of the problem. Abdominal CT scanning can often be use-
ful in identifying both the fistula site and possibly the un-
derlying disease process.

Surgical Treatment

The surgical approach involves takedown of the fistula and
resection of the underlying involved/diseased bowel. The
margins of resection should be chosen based on the princi-
ples used in other surgery of the small intestine.

Small-Bowel Neoplasms

General Considerations

INCIDENCE

Although the small intestine represents 90% of the surface
area of the gastrointestinal tract, tumors of this organ account
for only 1% (0.6 to 1.4 per 100,000) of all gastrointestinal neo-
plasms and 0.3% of all tumors.59,60

CLINICAL PRESENTATION

The most common modes of presentation are intestinal ob-
struction and occult gastrointestinal hemorrhage. Obstruc-
tion is often intermittent or partial and may be associated
with diarrhea. Obstruction may involve intussusception, par-
ticularly for benign neoplasms in adults. Malignant tumors
may cause obstruction by circumferential growth, growth
into adjacent structures causing fixation and adhesive ob-
struction, or kinking due to longitudinal growth along the
bowel wall. Occasionally, the presentation involves the de-
velopment of a palpable but otherwise asymptomatic ab-
dominal mass. Perforation and gross bleeding are rare. The
nonspecific nature of the symptoms makes diagnosis diffi-
cult.61,62 A correct preoperative diagnosis is reached in only
one-third of patients even in modern series.61

PATHOLOGY AND DIFFERENTIAL DIAGNOSIS

Benign lesions include adenoma, leiomyoma, fibroma, hamar-
toma, lipoma, hemangioma, lymphangioma, myxoma, and
neurogenic tumors. The most common malignant tumors are
adenocarcinoma, leiomyosarcoma, lymphoma, and carcinoid.
The relative incidence varies from series to series due to the
rarity of small-bowel tumors in general (Tables 21.3, 21.4). The
differential diagnosis of neoplasms includes endometriosis,
congenital pancreatic rest, splenosis, and duplication cysts.

DIAGNOSIS

Delay in the diagnosis of small-bowel tumors is frequently
the result of failure to obtain appropriate imaging studies or
misinterpretation of such studies.63 A variety of diagnostic
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tools are available in the setting of suspected small-bowel
neoplasm (Table 21.5).

Benign Neoplasms

PRESENTATION AND MANAGEMENT

Many benign lesions cause no symptoms and are discovered
only incidentally. Adenomas are the most common, but
leiomyomas are the most common lesions that cause symp-
toms. The presentation is usually obstruction or occult hem-
orrhage. Surgical excision is almost always indicated because
of the obstruction or hemorrhage, the potential risk of com-
plications, and the inherent impossibility of definitively con-
firming benign disease in the absence of full microscopic eval-
uation. Occasionally, small lesions may be simply excised via
enterotomy. More commonly, segmental resection and pri-
mary anastomosis is appropriate. The entire small bowel
must be carefully inspected to exclude additional lesions.

PEUTZ–JEGHERS SYNDROME

Peutz–Jeghers syndrome is an inherited disorder consisting of
mucocutaneous melanotic pigmentation and gastrointestinal
polyps. The syndrome is autosomal dominant with a high de-
gree of penetrance. The polyps are hamartomatous and occur
primarily in the jejunum and ileum; however, more than half
of patients also have polyps in the colon or rectum, and 25%
have gastric polyps. The pigmented lesions are small, 1- to 2-
mm brown or black spots that occur singly or multiply in the

oral cavity or in perioral or perianal areas. Lesions may also
be evident on the palms or fingers, forearms, or soles of feet.
Polyposis may develop in the absence of pigmentation lesions.
Because of the diffuse involvement of the intestinal tract, sur-
gical therapy should be confined to limited segments of bowel
clearly producing symptoms. Occasionally, prophylactic
subtotal colectomy may be indicated if there is a substantial
colonic polyp burden and if the hamartomas reveal adeno-
matous changes. The risk of gastrointestinal cancer in
Peutz–Jeghers syndrome is estimated at 18 times greater than
that expected in the general population.64–66 The long-term
natural history of the syndrome suggests emphatically that it
is not a benign disease.67 Therefore, screening upper endos-
copy and colonoscopy are recommended starting at age 20,
followed by annual flexible sigmoidoscopy, and by complete
upper and lower examination every 3 years.

Malignant Neoplasms

PRESENTATION AND MANAGEMENT

Malignant neoplasms of the small intestine present much like
benign lesions, typically with obstruction or occult bleeding.
Delay in diagnosis is common, leading to advanced disease at
presentation. Surgical resection is seldom curative for these
advanced lesions.62,68,69 Optimal treatment consists of wide
resection including regional lymph nodes. For duodenal neo-
plasms, pancreaticoduodenectomy is recommended unless the
lesion is locally advanced, in which case palliative gastroje-
junostomy is indicated. For malignant tumors of the small
bowel, resection should be performed even if cure is not pos-
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TABLE 21.3. Relative Frequency of Benign Neoplasms of the 
Small Intestine.

Type Relative frequency (%)

Leiomyoma 30–35
Adenoma 20–25
Lipoma 15
Hemangioma 10
Fibroma 5
Other 15

TABLE 21.4. Relative Frequency and Prognosis of Malignant 
Neoplasms of the Small Bowel.

Type Frequency (%) 5-year Survival (%)

Adenocarcinoma 40 15–25
Carcinoid 25 50–60
Lymphoma 25 40–50
Sarcoma 10 35–50

TABLE 21.5. Comparison of Diagnostic Imaging Used in Evaluation of Suspected Small-Bowel Neoplasms.

Advantage Disadvantage

Plain abdominal film May show obstruction Nonspecific
UGI/SBFT May show mass lesion, mucosal defect, or No visualization outside lumen; not helpful in

intussusception staging
Enteroclysis More sensitive than conventional SBFT Requires duodenal tube and additional technical 

skill
Computed tomography Allows staging; may aid in diagnosis of Lacks visualization of lumen or mucosal surface

tumor type
Upper endoscopy Direct visualization of mucosal surface Invasive; limited to duodenum and may miss 

of duodenum; allows for biopsy and/or submucosal lesions unless combined with 
polypectomy endoscopic ultrasound

Push endoscopy Extends visualization into proximal Same as conventional endoscopy
jejunum; allows for biopsy

Extended small-bowel endoscopy Allows visualization of up to 70% of small No biopsy capability; may take up to 8 h to pass
bowel; more sensitive than enteroclysis scope; increased patient discomfort

UGI/SBFT, upper gastrointestinal series/small-bowel follow-through.



sible, because possible complications of bleeding, obstruction,
and perforation are prevented.

ADENOCARCINOMA

Adenocarcinoma represents about half of all small-bowel ma-
lignancies in hospital-based series. These lesions are twice as
common in men than women. Adenocarcinoma typically pre-
sents with weight loss, bleeding, anemia, obstruction, or
(when periampullary) jaundice. The adenoma-to-carcinoma
sequence appears to apply for the small bowel,70 and activat-
ing mutations in codon 12 of the oncogene K-ras are as com-
mon in proximal small-bowel cancers (�50% incidence) as in
colorectal cancer.71,72 Most lesions are located in the proxi-
mal bowel, except in the setting of Crohn’s disease in which
most are ileal (Table 21.6).69,73 Carcinoma should be sus-
pected in patients with longstanding Crohn’s disease who de-
velop a change in their clinical status.

Resection is the best treatment for small-bowel adeno-
carcinoma. At present, there is no convincing evidence that
adjuvant chemotherapy or radiation treatments are effec-
tive.69

LEIOMYOSARCOMA AND MALIGNANT STROMAL TUMORS

Most small-bowel sarcomas are leiomyosarcomas, represent-
ing 10% to 20% of all malignant small-bowel tumors. These
lesions may grow to considerable size before the development
of symptoms. Leiomyosarcoma may spread by direct exten-

sion or may metastasize hematogenously to liver, lungs, or
bone. As for other small-bowel neoplasms, wide en bloc re-
section with the associated mesentery is the treatment of
choice. Extended lymphadenectomy is not indicated because
lymphatic metastasis is rare. Palliative resections and bypass
procedures are warranted because some of these tumors may
be rather slow growing. There is no evidence that adjuvant
chemotherapy or radiation therapy alone or in combination
is effective.69

LYMPHOMA

Lymphomas represent 10% to 20% of malignant small-bowel
tumors. The ileum is the most common site of involvement
because of the presence of the greatest amount of gut-
associated lymphoid tissue. Primary small-bowel lymphoma
is the most common extranodal form of lymphoma.74 Most
are non-Hodgkin’s lymphoma and predominantly B cell in
origin,75–77 although both Hodgkin’s disease and plasma cell
lymphoma have also been reported. Patients with small-
bowel lymphoma commonly present with fatigue, weight
loss, and abdominal pain.78 A severe malabsorption syndrome
is seen in about 10% of patients. Perforation, obstruction,
bleeding, or intussusception are less common modes of pre-
sentation.78 Individuals infected with HIV-1 have a markedly
greater risk of developing non-Hodgkin’s lymphoma, usually
high grade.79 The differences among the various intestinal
lymphoma entities are summarized in Table 21.7.74

Intestinal lymphomas are staged according to a modifica-
tion of the Ann Arbor system (Table 21.8). Treatment of 
primary small-bowel lymphoma (Western variety) is mainly 
surgical. Ideally, complete resection along with a wedge 
of mesentery is accomplished. However, for patients with 
positive margins, adjuvant therapy is recommended. Survival
for completely resected intestinal lymphoma is about 50%.80

Retrospective81–87 and prospective88 experiences suggest that
the combination of surgery and adjuvant chemotherapy 
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TABLE 21.6. Anatomical Distribution of Tumors (percent).

Carcinoid Adenocarcinoma Lymphoma Sarcoma

Duodenum 6 50 12 16
Jejunum 20 28 40 26
Ileum 74 22 48 58

Source: Disario et al. Am J Gastroenterol 1994;89:700.

TABLE 21.7. Primary Intestinal Lymphoma.

Immunoproliferative small- Enteropathy-associated 
Adult Western Childhood intestinal disease T-cell lymphoma

Population Nonspecific Children Low socioeconomic class; Celiac disease, malabsorption
parasitic infestation

Geography Worldwide Worldwide Common in Middle East, Common in Middle East
Mediterranean

Peak incidence Sixth First Second, third Fourth, fifth
(decade of life)

Signs and Pain, perforation, Tender abdominal Pain, fever, diarrhea, Deterioration in chronic
symptoms obstruction, mass, acute steatorrhea, vomiting, wasting condition, malnutrition, acute

hemorrhage intussusception disease, circulating IgA-� abdomen, rising IgA titers
heavy chain

Location Small intestine Ileum Jejunum, duodenum Distal small bowel, 
disseminates early

Pathology Large tumors, B-cell Burkitt’s type, small Nodularity of long segments Villous atrophy, crypt
in 75%, large-cell noncleaved B-cell of small intestine, IgA- hyperplasia, large T-cell
diffuse histology producing B cells origin

Prognosis By stage Very good for stages I May undergo spontaneous Poor due to early
and II, tumor bulk regression but overall disseminated disease
important factor poor prognosis

Therapy Surgery, adjuvant Surgery for early stage, Antibiotics, aggressive Chemotherapy, surgery only
chemotherapy chemotherapy chemotherapy for complications
and radiation major role

Source: Modified after Turowski and Basson. Am J Surg 1995;169:435.



(typically CHOP [cyclophosphamide-hydroxydaunomycin-
vincristine-prednisone] or a variant thereof) improves out-
come stage for stage. Primary gastric lymphoma tends to fare
better than primary intestinal lymphoma.88

CARCINOID TUMORS

Carcinoid tumors of the gut represent about 20% to 40% of
primary small-intestinal malignancies and are characterized
by variable malignant potential and the secretion of multiple
neurohormonal substances, notably serotonin and substance
P. In population-based studies, carcinoid tumors are the most
frequent of small-bowel neoplasms.60 The highest incidence
of occurrence is in the sixth decade, although carcinoids have
been reported in patients aged 20 to over 80. Tumors are mul-
ticentric in 30%.89 About 50% of intestinal carcinoids are lo-
cated in the appendix. Of all nonappendiceal carcinoids, about
half are present within the distal 2 feet of the ileum.

Carcinoid tumors often follow an indolent course, with
median duration of symptoms up to 2 years before diagnosis.
Symptoms tend to be nonspecific; like other small-bowel tu-
mors, carcinoids may bleed, obstruct, or ulcerate. They may
also present as segmental mesenteric ischemia associated
with the mesenteric angiopathy that accompanies the intense
desmoplasia surrounding the tumor.90 Intestinal obstruction
may occur not only because of the primary tumor but also
due to kinking of the mesentery from bulky nodal metastases
or mesenteric fibrosis.91

Radiologic findings may increase clinical suspicion of 
carcinoid tumors. Small-bowel follow-through examination
typically reveals fixed loops of intestine, with angulation, lu-
minal narrowing, or multiple filling defects. Mesenteric cal-
cifications may be present. CT may show evidence of a fi-
brotic mesenteric reaction in the vicinity of a transition point
between dilated proximal and distal collapsed small bowel.
Hepatic metastatic lesions are characteristically hypervascu-
lar and thus brightly enhance with intravenous contrast ad-
ministration. 131I-Metaio-dobenzylguanidine (MIBG) scintig-
raphy may occasionally be useful to localize midgut carcinoid
tumors, although the false-negative rate may be as high as
30%.92

Metastatic disease is already present in as many as 60%
of cases at the time of diagnosis.89,93 The malignant poten-
tial of carcinoid tumors is related to location, size, depth of
penetration, and pattern of growth. Overall, 5-year survival is
approximately 30% to 50%.90,94 Treatment of carcinoid tu-
mors of the small intestine is wide segmental resection.94 For
tumors of the distal ileum, the cecum and right colon should

be resected en bloc,90 and tumors involving the duodenum
may require radical pancreaticoduodenectomy. Lesions with-
out nodal metastases are almost always cured by resection.
Palliative resections are probably worthwhile because most
carcinoid tumors are slow growing.

Carcinoid tumors metastatic to the liver may produce the
malignant carcinoid syndrome, which includes episodic diar-
rhea, flushing, abdominal cramps, and, later, right-sided
valvular heart disease and asthma.95 This syndrome is, in fact,
quite uncommon. It is estimated that less than 10% of pa-
tients with metastatic carcinoid tumors will develop the car-
cinoid syndrome. Confirmation of malignant carcinoid syn-
drome is made by determination of urinary levels of 5-HIAA
(5-hydroxyindolacetic acid), the inactive breakdown product
of 5-HT produced by metabolism in the lung and liver.

If possible, primary and metastatic lesions should be re-
sected or at least debulked as this may produce substantial
palliation of the symptoms of carcinoid syndrome. Ischemic
therapy via hepatic artery embolization may be utilized in
cases in which surgery is not possible and may produce dra-
matic, although frequently short-lived, relief of symptoms in
about 90% of patients.96,97 The long-acting somatostatin ana-
logue octreotide also appears to be of some benefit, particu-
larly in patients with carcinoid diarrhea.98 Some response to
the combination of 5-fluorouracil and streptozotocin has been
reported, although in general chemotherapy appears to be of
limited usefulness. Median survival of patients with carci-
noid tumors metastatic to the liver is 3 years, compared to 
5 years in patients with nonresectable abdominal disease in
the absence of liver metastases.

OTHER TUMORS AND METASTATIC LESIONS

Gastrinoma, somatostatinoma, paraganglioma, and undiffer-
entiated neuroendocrine carcinomas of the small intestine
have been reported. These tumors may present as a hormone-
specific hyperfunctional state or as nonfunctioning mass le-
sions. The small bowel is the most common site of melanoma
metastatic to the gastrointestinal tract. Primaries from the
breast, lung, and kidney metastatic to the small bowel, pre-
sumably via hematogenous spread, have also been described.
Cervical, ovarian, and colonic tumors may involve the small
bowel by direct extension. Treatment is, in general, palliative
and consists of limited resection or bypass. In patients with
small-bowel metastatic melanoma without a known primary,
aggressive resection may improve the quality of life and 
disease-free survival.

Meckel’s Diverticulum

Based on autopsy series, Meckel’s diverticulum is present in
0.3% to 2.5% of the population. The size and shape of the di-
verticulum can vary greatly, although it is usually between
3 and 5 cm long and is found 10 to 150 cm from the ileoce-
cal valve. Meckel’s diverticula contain a mesentery with an
independent blood supply from the ileal vessels. There is 
an association between Meckel’s diverticulum and a number
of other congenital malformations, including exomphalos,
esophageal or anorectal atresia, and various central nervous
system or cardiovascular malformations. Although usually
lined by mucosa similar to that seen in the adjacent ileum,
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TABLE 21.8. Ann Arbor Classification of Primary Gastrointestinal
Lymphoma.

Stage Subgroups Description

IE Confined to single site
IIE Confined below abdomen

IIE1 Regional (mesenteric or perigastric) nodes
IIE2 Distant (e.g., retroperitoneal) nodes

III Involves organs on both sides of diaphragm
IV Wide dissemination (liver, spleen)

Source: Modified after Musshoff K and Schmidt-Vollmer H. Prognostic se-
quence of primary site after radiotherapy in non-Hodgkins lymphoma. Lancet
1975 31(Suppl II):425–434.



heterotopic mucosa has been described, including that of gas-
tric, duodenal, colonic, or pancreatic nature.

Complications

Meckel’s diverticula can be associated with various compli-
cations and often require surgical intervention. The presence
of gastric mucosa with resultant acid production can lead to
ulceration in the adjacent ileal mucosa, causing either hem-
orrhage or perforation. Perforation can also occur in the di-
verticulum itself, perhaps related to luminal obstruction from
a foreign body. The resultant Meckel’s diverticulitis presents
with signs and symptoms that are generally indistinguishable
from appendicitis. Meckel’s diverticulum can also be associ-
ated with small-bowel obstruction, either from intussus-
ception, volvulus, or an associated adhesive band. It has been
estimated that the chances of a Meckel’s diverticulum caus-
ing one of these complications to be 4.2% in children, drop-
ping to 3% in adults and almost 0% in the elderly. As such,
removal of a Meckel’s diverticulum at the time of laparotomy
for another reason is probably not indicated, especially in
adults.

Diagnostic Studies

Meckel’s diverticula are rarely demonstrated on routine bar-
ium studies. In the rare instance of an umbilical fistula, how-
ever, injection of contrast material directly into the external
orifice demonstrates a communication with the underlying
ileum, indicating a patent vitelline duct. Such a study will be
able to differentiate the intestinal communication from a
patent urachus that communicates with the urinary bladder.
Tc 99m pertechnetate Meckel’s scan detects the gastric mu-
cosa within the Meckel’s diverticulum and has been reported
to be 90% accurate.99 Meckel’s diverticulum can also be de-
tected angiographically.

Surgical Treatment

When a Meckel’s diverticulum causes symptoms or compli-
cations, resection is indicated. Either excision of the diver-
ticulum alone or resection of the adjacent segment of ileum
containing the diverticulum is acceptable.

Short Bowel Syndrome

Maintenance of adequate nutrition is dependent on the nor-
mal digestive and absorptive function of the small intestinal
mucosa. A normal, healthy adult possesses an excess of gut
mucosa such that limited resection or loss of bowel surface
area through other means is usually well tolerated. However,
depending on the amount of bowel removed and the specific
level of resection, symptoms can ensue following surgery, in
some cases leading to a condition known as the “short bowel
syndrome.” Because of the important functional capacities of
the duodenum in regard to iron and calcium, and of the dis-
tal ileum in regard to vitamin B12 and bile salts, resections of
these specific regions tend to be poorly tolerated. In contrast,
up to 40% of the mid-small bowel can be removed with only
moderate clinical sequelae. As a general rule, resection of 50%
of the small intestine produces significant malabsorption, and

if 70% or more of the intestine is resected, survival is threat-
ened.

The minimal amount of small intestine required to sus-
tain life is variable. Prolonged survival has been recorded in
isolated patients with as little as 1 foot of jejunum along with
an intact duodenum, but in general survival is threatened in
patients with less than 2 feet (60 cm) of intestine beyond the
duodenum. An intact ileocecal valve is thought to be impor-
tant in regard to improving function of the remaining small
intestine, and clearly the colon is vitally important for pre-
venting water loss. Patients with short bowel syndrome have
impairment in the absorption of water and electrolytes as well
as that of all nutrients, that is, fat, protein, carbohydrates, and
vitamins. Fluid losses can be greater than 5 to 10 l/day. As a
result, patients with short bowel syndrome suffer weight loss,
fatigue, calorie deprivation, electrolyte abnormalities, and vi-
tamin deficiencies.

Treatment

Initial therapy involves maintenance of fluid and electrolyte
balance. Total parenteral nutrition (TPN) is often indicated
and, depending on the extent of resection, may be required
throughout the lifetime of the patient. It is likely that even
small amounts of enteral nutrition are beneficial, however, be-
cause the luminal nutrients appear to enhance the adaptive re-
sponse of the remaining gut. Various antidiarrheal and stool-
bulking agents have also been used with some benefit. Gastric
hypersecretion should be treated with either H2-blockers or
proton pump inhibitors. Cholestyramine may be beneficial in
patients with limited ileal resections, but if the bile salt pool
has been depleted, then cholestyramine is contraindicated.100

Because of the increased risk of cholelithiasis in patients
with short gut syndrome, prophylactic cholecystectomy
should be considered if long-term survival is anticipated.

Surgical Approach

The surgical treatment of patients with short bowel syndrome
has been disappointing. In small numbers of patients, various
procedures including intestinal lengthening, reversal of short
segments, and plication of excessively dilated bowel have
been used.101,102 Although some improvement has been seen
in isolated cases, such operations have not become univer-
sally adopted. The results of small-intestinal transplantation
have been disappointing, primarily because of a high inci-
dence of rejection.103

Malabsorption Syndromes

Clinical Aspects

Malabsorption results from the pathological disturbance of
the normal sequence of digestion, absorption, and nutrient
transport.104 A wide range of clinical features result from mal-
absorption syndromes and may yield clues as to the specific
etiology. Classically, malabsorption produces both intestinal
and extraintestinal symptoms. Chronic diarrhea, consisting
of watery, bulky, frequent stools, is common. Patients with
steatorrhea may note pale, foul-smelling, greasy, floating
stool. Anorexia, hyperphagia, nausea, vomiting, abdominal
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distention, gassiness, excessive flatus, or borborygmus are
common symptoms. Pain is unusual. Several malabsorption
syndromes are particularly relevant to surgical disease.105

Celiac disease, tropical sprue, and lactase deficiency are not
considered further here.

Bile Acid Malabsorption

Bile salts are necessary for proper absorption of dietary fats
and fat-soluble substances. Normally, more than 90% of ex-
creted bile is reabsorbed in the small intestine as part of the
enterohepatic circulation system. In the terminal 100 cm of
ileum, bile salt absorption is mediated by a Na�-coupled bile
salt transporter.6,7 Primary or idiopathic bile salt malabsorp-
tion is unusual. More commonly, bile salt malabsorption is
the result of resection of the terminal ileum, such as in
Crohn’s disease.106,107 Some patients develop bile salt mal-
absorption after cholecystectomy or after vagotomy.108 Bile
salt malabsorption is manifest as diarrhea and is the conse-
quence of excessive concentrations of bile salts (�3 mM)
reaching the colon. Cholestyramine is effective in more than
90% of cases of bile salt diarrhea.108

Vitamin B12 Malabsorption

Inadequate absorption of vitamin B12 and folic acid leads to
macrocytic anemia. Vitamin B12 undergoes a complex process
of absorption involving the salivary glands (protein R), the
stomach (intrinsic factor), a pancreatic protease, and active
absorption in the terminal ileum. Treatment is by periodic
parenteral administration of vitamin B12 and, where relevant,
the addition of specific therapy to reverse the underlying 
disorder.

Bacterial Overgrowth Syndrome

A variety of conditions predispose to bacterial overgrowth in
the small bowel. Bacterial overgrowth in poorly emptying or
stagnant small-intestinal segments leads to a syndrome of di-
arrhea and steatorrhea accompanied by abdominal pain,
weight loss, anemia (usually macrocytic), fat-soluble vitamin
deficiencies, and, in late stages, neurological deficits.109,110

This situation is sometimes referred to as the blind loop syn-
drome but can occur in a variety of conditions not involving
the presence of a self-filling, nonemptying intestinal segment.
The pathophysiology of the syndrome involves excessive bac-
terial metabolism of vitamin B12, leading to its insufficient
availability for intestinal absorption. Furthermore, bile salt
deconjugation by luminal bacteria leads to inadequate mi-
cellization of dietary fat and, consequently, steatorrhea. De-
conjugated bile salts are toxic to enterocytes and may directly
elicit diarrhea and cellular damage that leads to further mal-
absorption of other nutrients. Medical treatment consists of
intermittent oral antibiotic therapy. If feasible, the underly-
ing anatomical arrangement favoring bacterial overgrowth
should be surgically corrected.

Evaluation of Malabsorptive Conditions

The etiology of a malabsorptive condition is often suggested
by a thorough history followed by inspection of the stool and
an estimation of its volume.111 Specific testing may confirm

the diagnosis, although in general specificity and sensitivity
are suboptimal and many specialized examinations are not
routinely performed in many centers.105 Fat malabsorption is
usually detectable by quantitative measurements of fecal fat
content in a 24-h collection or by Sudan stain of feces. Breath
tests utilizing 14C-labeled carbohydrates are used to detect
lactose intolerance or other syndromes of carbohydrate mal-
absorption.112–114 D-Xylose absorption and detection in either
plasma or urine can be used as a general test of intestinal ab-
sorptive function.115 There are currently no accurate tests to
confirm or exclude bile salt malabsorption; the response to
an empiric trial of bile salt-binding agents such as cholestyra-
mine may be useful. Vitamin B12 malabsorption is detected
with 94% accuracy by dual-label Schilling test.116

Pancreatic insufficiency leading to malabsorption and
steatorrhea is usually suspected on clinical or radiologic
grounds. A symptomatic response to pancreatic enzyme re-
placement therapy is useful supporting evidence, but occa-
sionally detailed testing of pancreatic exocrine function is
necessary. Bacterial overgrowth can be confirmed by quanti-
tative culture of endoscopically aspirated small-bowel lumi-
nal contents or by 14C-xylose breath testing.117,118 However,
the empiric response to antibiotic therapy using agents such
as tetracycline or metronidazole is usually more helpful in
establishing the presumptive diagnosis. A Schilling test that
reverts to normal after a 3- to 5-day course of tetracycline but
not after addition of exogenous intrinsic factor confirms the
diagnosis and is 86% accurate.116

Miscellaneous Conditions

Pneumatosis Intestinalis

Pneumatosis intestinalis refers to the presence of gas or air
within the wall of the intestine, as seen either at the time of
surgery or by a radiographic study. So-called benign pneu-
matosis is generally an incidental finding and does not imply
an underlying intestinal pathology, such that the clinical
course is not characterized by intestinal perforation or sepsis.
In contrast, when pneumatosis intestinalis occurs as a result
of primary intestinal pathology, urgent surgery is usually re-
quired.

Small-Bowel Ulceration

Ulcerative lesions of the small bowel are most commonly the
result of ingested medications such as enteric-coated potas-
sium chloride, nonsteroidal antiinflammatory drugs, and 
corticosteroids. Less often, small-bowel ulcers are caused by
segmental arterial or venous occlusion or vasculitis.119 Het-
erotopic gastric mucosa within a Meckel’s diverticulum may
lead to peptic ulceration of the small-bowel mucosa. Rarely,
gastrinoma may be associated with small-bowel ulceration.
Ulceration may develop in association with Crohn’s disease
and with small-bowel lymphoma. Finally, a number of in-
fectious causes of small-bowel ulceration are recognized, in-
cluding tuberculosis, syphilis, and typhoid fever. In a distinct
minority of patients, no definable etiology of the small bowel
ulceration will be found. In this situation, the ulceration is
usually single and located in the terminal ileum.

About two-thirds of cases present as intermittent small-
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bowel obstruction. Preoperative localization in this setting
can be difficult, and even when a site of partial obstruction
can be identified during radiographic evaluation (e.g., by en-
teroclysis), the precise cause for the obstruction may not be
determined even at the time of surgical exploration. The treat-
ment of a symptomatic small-bowel ulcer is surgical resec-
tion. Suture repair of perforated small-bowel ulceration is not
recommended due to an unacceptably high rate of complica-
tions. Recurrence after resection is extremely unusual, par-
ticularly if the offending medication is stopped.

Foreign-Body Ingestion

Emergency department evaluation for the accidental or in-
tentional ingestion of sharp or pointed foreign bodies includ-
ing fish bones, pins, toothpicks, and broken razor blades is not
rare. Although there is a small potential for intestinal perfo-
ration, the vast majority of ingested foreign objects pass
through the gastrointestinal tract without incident. Ra-
diopaque objects may be followed by serial plain films of the
abdomen. The development of abdominal pain associated with
tenderness and leukocytosis strongly suggests that a contained
local perforation has occurred. Surgical resection is indicated,
because nonoperative antibiotic therapy is associated with the
occasional development of chronic infection or stricture for-
mation. Perforation after passage into the colon is rare, be-
cause by that time the object generally has become safely em-
bedded within solid fecal matter. Occasionally, larger objects
such as whistles or coins may lead to intestinal obstruction if
they become lodged, typically near the ileocecal valve.
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Appendix
David I. Soybel

Anatomy and Physiology

In the adult,1 the average length of the appendix is 9 cm. Its
outside diameter varies between 3 and 8 mm and the lumi-
nal diameter is between 1 and 3 mm. The tip of the appen-
dix can be located anywhere in the right lower quadrant of
the abdomen or pelvis. The base of the appendix can be lo-
cated by following the longitudinally oriented tenia coli to
their confluence at the cecum.

The appendix receives its arterial supply from the appen-
dicular branch of the ileocolic artery. This artery originates
posterior to the terminal ileum, entering the mesoappendix
close to the base of the appendix. A small arterial branch
arises at this point that runs to the cecal artery. The arterial
supply to the appendix is illustrated schematically in Figure
22.1. The lymphatic drainage of the appendix flows into
lymph nodes that lie along the ileocolic artery. Innervation
of the appendix is derived from sympathetic elements con-
tributed by the superior mesenteric plexus (T10–L1), afferents
from parasympathetic elements brought in via the vagus
nerve.12

The histological features of the appendix include the fol-
lowing: first, the muscularis layers are not well defined 
and may be deficient in some locations.1 Second, in the 
submucosa and mucosa, lymphoid aggregates occur with or
without the typical structure of a germinal center. Lymph
vessels are prominent in regions underlying these lymphoid
aggregates. Third, the mucosa is like that of the large intes-
tine, except for the density of the lymphoid follicles. The
crypts are irregularly sized and shaped, in contrast to the more
uniform appearance of the crypts in the colon. Neuroen-
docrine complexes composed of ganglion cells, Schwann cells,
neural fibers, and neurosecretory cells are positioned just be-
low the crypts. Serotonin is a prominent secretory product
and has been implicated in mediating pain arising from the
noninflamed appendix.3,4 These complexes may be the source
of carcinoid tumors, for which the appendix is known to be
the most common site of origin.1,4,5

With regard to function, the widely held notion that the
appendix is a vestigial organ is not consistent with the facts.
Curiously, the appendix seems more highly developed in the
higher primates, and it is possible that the appendix may play
a role in immune surveillance.6,7 In addition, although the
unique function of the appendix remains unclear, the mucosa
of the appendix, like any mucosal layer, is capable of secret-
ing fluid, mucin, and proteolytic enzymes.1

Diseases of the Vermiform Appendix

Acute Appendicitis

ETIOLOGY AND PATHOGENESIS

ROLE OF ENVIRONMENT: DIET AND HYGIENE

Given the relatively lower frequency of appendicitis and other
bowel disorders among peoples with high fiber diets, it has
been proposed that low-fiber diets contribute to changes in
motility, flora, or luminal conditions that predispose to de-
velopment of fecaliths. Striking, however, is the observation
that most patients with acute appendicitis do not have obvi-
ous fecalith or stone in either population group.

ROLE OF OBSTRUCTION

Early descriptions conceptualized acute appendicitis as a
closed-loop obstruction with the obstruction usually being
caused by a fecalith. More recently, it has become dogma that,
in the absence of a fecalith, many cases of obstruction are
caused by hyperplasia of lymphoid tissue in the mucosa and
submucosa. In a very small percentage of cases, perhaps 2%,
obstruction is caused by neoplasm (carcinoma or carcinoid
tumor) or, very rarely, a foreign body.8–10

In the evolution of acute appendicitis, the following se-
quence of events is envisioned: first, luminal obstruction
leads to secretion of mucus and fluid, with a consequent rise
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in luminal pressure; second, when the rise in luminal pres-
sure exceeds pressure within the submucosal venules and
lymphatics, outflow of blood and lymph is obstructed, lead-
ing to increases in pressure within the appendiceal wall; and
third, when capillary pressure is exceeded, mucosal ischemia,
inflammation, and ulceration are the result. Eventually, bac-
terial overgrowth within the lumen and bacterial invasion
into the mucosa and submucosa lead to transmural inflam-
mation, edema, vascular stasis, and necrosis of the muscu-
laris. Perforation ensues.

Accompanying the local changes within the appendix is
a regional inflammatory response mediated by the mesothe-
lium and blood vessels in the parietal peritoneum and serosa
of nearby visceral structures. This leads to formation of a
walled-off, periappendiceal abscess. Alternatively, if sur-
rounding structures fail to wall off the evolving phlegmon,
perforation of the appendix would cause spillage into the peri-
toneal cavity, leading to spreading peritonitis, massive third-
spacing of fluid, shock, prostration, and then death.

Although it is widely accepted that obstruction is the in-
citing event in most cases of acute appendicitis, it is worth
pointing out some observations that are not consistent with
this hypothesis. The first observation is that impacted fe-
caliths have been observed with no accompanying local in-
flammation or syndrome of appendicitis.11 In addition, fe-
calith impaction or functional evidence of obstruction cannot
be demonstrated in a substantial number, up to half, of
cases.10,12–14 Thus obstruction may be just one of many fac-
tors involved in the etiology and pathogenesis of acute ap-
pendicitis.

ROLE OF NORMAL COLONIC FLORA

The flora of the inflamed appendix differs from that of the
normal appendix. About 60% of aspirates of inflamed appen-
dices have anaerobes, compared to 25% of aspirates from nor-
mal appendices.15–17 Presumably, the lumen is the source of
organisms that invade the mucosa when mucosal integrity is

compromised by increased luminal pressure or intramural is-
chemia. Tissue specimens from the inflamed appendix wall
(not luminal aspirates) virtually all culture out E. coli and
Bacteroides species.16,17 In fact, studies indicate that invasion
of tissue by Bacteroides elicits specific humoral responses.
Moreover, as is discussed next, in many cases in which acute
appendicitis is highly likely, antibiotic therapy alone can re-
verse the evolving clinical syndrome and permit individuals
to get well without an operation. Thus, the normal colonic
flora play a key role in the evolution of acute appendicitis to
gangrene and perforation.

NATURAL HISTORY AND COMPLICATIONS

As classically conceptualized, acute appendicitis progresses
inexorably, from obstruction to mucosal and then transmural
inflammation, necrosis, and then gangrene with local in-
flammatory responses from the visceral and parietal peri-
toneum, to perforation with local abscess formation or spread-
ing peritonitis. One time-honored observation has been that
perforation is not common if symptoms have been present
for less than 24 h. In one recent study,18 95 consecutive adult
patients with symptoms and signs of acute appendicitis were
monitored prospectively. Fifteen patients ultimately were
shown to have a perforation. Of these, 3 (20%) developed per-
foration earlier than 24 h after onset of symptoms; in 1 pa-
tient, perforation occurred as early as 10 h after the onset of
symptoms. Average time from onset of symptoms to perfo-
ration was 64 h.

Once necrotic or perforated, other complications can re-
sult. These rarer complications are listed in Table 22.1. What
should be emphasized about such complications is that they
are observed generally in the very young and the very old. In
other words, these complications occur in patients who can-
not speak for themselves or infirm patients who do not ex-
perience the acute lower abdominal symptoms that would or-
dinarily motivate the patient to see a physician more quickly. 
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FIGURE 22.1.  Details of the arterial blood
supply to the terminal ileum, cecum, and
appendix showing the normal divisions of
the ileocolic artery. (After Keighley MRB,
Williams NS. Surgery of the Anus, Rectum
and Colon. London: Saunders, 1993.)



CLINICAL PRESENTATION

SYMPTOMS

At the onset of the episode, the patient typically reports
crampy (colicky) abdominal pain. This quality of the pain is
attributable to the initial response of the muscularis of the ap-
pendix (or any hollow-lumen organ) to obstruction. The pain
is described as diffuse or perhaps centered about the umbili-
cus; this is because the appendix arises from the midgut, an
embryonic midline structure that derives its innervation from
autonomic afferents related to the spinal cord centered around
T10. Typically, this pain does not radiate, nor do the patients
describe it as being exacerbated by changes in body position,
meals, urination, or defecation. As the response to luminal ob-
struction evolves to include luminal distension, intramural
edema, and ischemia, the pain becomes constant. Vomiting is
often reported by younger patients but is not a prominent
symptom in mature adult and aged patients. In general, pa-
tients with appendicitis report nausea and loss of appetite; a
patient reporting a normal appetite is very uncommon.

SIGNS

The invasion of bacteria with ensuing inflammatory response
within the appendiceal wall and the surrounding visceral struc-
tures leads to appearance of pain and tenderness localized to
the area of parietal peritoneum overlying the inflamed tissue
(“phlegmon”). Fever above 100°F or 38.2°C rarely occurs early
in the appendicitis syndrome and usually appears after the time
when localizing tenderness appears. In many cases, the local-
ized pain and tenderness are accompanied by peritoneal find-
ings that are localized to the right lower quadrant of the ab-
domen. These symptoms include rebound tenderness, referred
tenderness, and involuntary guarding in the area overlying the
phlegmon. Although its predictive power is disputed,19–21

McBurney’s point is supposed to be the place where the ap-
pendix lies and therefore the place of maximum tenderness.20,22

The visceral pain of distension and ischemia that is centered
about the umbilicus does not necessarily go away, and it is not
accurate to describe the pain as having “migrated.”

When the inflamed portion of the appendix (usually the
tip) is not located near the parietal peritoneum, the place of
maximal tenderness is not necessarily in the right lower quad-
rant. In fact, there may be no localizing area of tenderness38

when the appendix is located in a retroperitoneal or retroileal
position or in the true pelvis. Theoretically, an acutely in-
flamed appendix in the true pelvis can be suspected by means
of rectal examination when the examiner elicits localized ten-
derness or palpates a mass.

Classic texts also recognize three diagnostic maneuvers:
Rovsing’s sign is positive when pressure applied in the left
lower quandrant of the abdomen elicits pain on the right side,
reflecting peritoneal irritation. The psoas sign is elicited by
positioning the patient on the left side and extending the right
hip. Pain produced with this maneuver reflects irritation of
the right psoas muscle and indicates retrocecal and retroperi-
toneal irritation from a phlegmon or an abscess. The obtura-
tor sign is produced by positioning the patient supine and
then rotating the flexed right thigh internally, from lateral to
medial. Pain produced with this maneuver indicates inflam-
mation near the obturator muscle in the true pelvis. It should
be recognized that each of these “signs” is sought as a way
of establishing the location of the inflamed or perforated ap-
pendix. It is only in the context of a characteristic history and
examination that the diagnosis of appendicitis itself is made.
These considerations emphasize that no one symptom or find-
ing, observed at any single point in time, reliably establishes
or excludes the diagnosis of acute appendicitis: It is the over-
all clinical picture that counts.

LABORATORY FINDINGS

Routine laboratory studies are helpful in diagnosing acute ap-
pendicitis, largely through exclusion of other conditions. Per-
haps the only truly routine study is the leukocyte count. It is
well recognized that the white blood cell (WBC) count is usu-
ally elevated in bona fide cases of appendicitis. However, a
substantial number of patients have the diagnosis and a nor-
mal WBC count. Depending on the clinical circumstances,
three other types of studies should be performed routinely.
First, urine analysis with microscopic examination should be
performed in all patients with suspected appendicitis.23,24 The
goal of performing the test is to exclude ureteral stones (hema-
turia) and to evaluate the possibility of urinary tract infection
(pyuria, bacteruria) as a cause of lower abdominal pain, par-
ticularly in elderly diabetic patients. Lower urinary tract in-
fection (UTI) is not infrequent among patients with acute ap-
pendicitis, especially women. The presence of UTI thus does
not exclude acute appendicitis, but does need to be identified.
The newer “dipsticks” that contain indicators for bacterial in-
fection can be used to supplant the microscopic examination.

Second, measurement of serum liver enzymes and amy-
lase levels can be very helpful in diagnosing liver, gallblad-
der, or pancreatic inflammation if the pain is described as be-
ing more in the midabdomen or even right upper quandrant.
Serum amylase levels are reported elevated in 3% to 10% of
patients with acute appendicitis or acute lower abdominal
pain not attributable to pancreatitis.25,26 If pancreatitis is the
cause, the pattern of amylase elevation is usually higher and

TABLE 22.1. Complications of Acute Appendicitis.

Complication Management

Spreading peritonitis Antibiotics, appendectomy
Abscess Antibiotics, appendectomy

Abdominal Percutaneous drainage reserved 
Retroperitoneal for poor surgical risk patients; 

interval appendectomy in 6 weeks 
recommended

Intestinal obstruction Antibiotics, appendectomy
Bacteremia/systemic Antibiotics, appendectomy, or

sepsis percutaneous drainage of
appendiceal abscess until
acute episode resolves

Fistula
Abdominal wall Antibiotics until acute episode 

resolved, then bladder interval 
appendectomy and closure of 
fistula

Liver abscess Broad-spectrum antibiotics;
percutaneous drainage of liver
and appendiceal abscess;
interval appendectomy

Pyelophlebitis Broad-spectrum antibiotics; systemic 
anticoagulation; percutaneous 
drainage of liver and appendiceal 
abscesses; interval appendectomy
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is accompanied by elevations of serum lipase. Measurements
of serum amylase are not recommended for all patients with
abdominal pain, but should be considered in patients with
atypical clinical features.

Third, serum �-HCG (human chorionic gonadotropin) lev-
els should be measured in women of childbearing years if
there is any possibility of pregnancy.

IMAGING STUDIES

Four types of imaging studies may assist in the diagnosis of
acute appendicitis (Table 22.2). Plain abdominal films have
been used regularly in evaluation of patients with acute ab-
dominal pain. The finding most commonly associated with
acute appendicitis is the fecalith. However, although fecaliths
are found in 10%–40% of patients with appendicitis, it is dif-
ficult to formulate estimates of the sensitivity and specificity
of the finding of a fecalith. It would appear, however, that in
the setting of acute abdominal pain, the presence of fecalith
is likely to be associated with acute appendicitis about 90%
of the time. It may thus be regarded as a sensitive sign of
acute appendicitis and predictive of a high likelihood of pro-
gression to perforation.

In older patients, where perforated viscus is a major part
of the differential diagnosis, it is difficult to argue against the
plain film as the initial imaging study. In younger patients,
the low likelihood of finding a fecalith suggests that obtain-
ing plain films is not cost-effective. If such films are done, it
is best to obtain a complete series of plain films, including
flat and upright views. A follow-up barium enema can be help-
ful but is not more helpful than other modalites.

Ultrasound examination of the abdomen has become in-
creasingly popular in recent years. Key findings of this study
include (1) thickening of the wall and loss of the normal lay-
ers (“target” sign); (2) loss of wall compressibility; (3) in-
creased echogenicity of the surrounding fat; and (4) loculated
pericecal fluid (Fig. 22.2). Although this test has a relatively
low sensitivity level (80%), it has a relatively high specificity
(90%). This imaging modality is very helpful in excluding
other causes of abdominal pain in women, particularly those
in their childbearing years. When gynecological causes of pain
are difficult to exclude, vaginal ultrasound may be a useful
adjunct in these patients.

Computerized tomography (CT) may be considered the
gold standard for noninvasive imaging of acute appendicitis.
The CT scan can detect and localize inflammatory mass and
abscess (Fig. 22.3); if orally administered contrast fills the ap-
pendiceal lumen and no inflammatory changes are present,
the diagnosis is essentially excluded. In addition, other ab-
dominal pathology can be detected, including lesions in the

pelvis. Although technological innovation has produced high-
resolution images with standard or helical imaging protocols,
a technique for focused helical CT of the appendix has re-
cently been introduced as a means of saving time and cost
without reducing accuracy. However, it is not clear that such
cost savings can be realized in institutions that do not have
access to this technology.

EVALUATION AND MANAGEMENT OF THE

PATIENT WITH SUSPECTED APPENDICITIS

STRUCTURED AND HISTORY EXAMINATION

A structured approach to the patient with acute abdominal
pain improves diagnostic accuracy and accelerates the initia-
tion of the correct management plan.27 Table 22.3 provides
an example of a structured history, physical, and basic labo-
ratory examination. Three points deserve repeat emphasis:
first, the evolution of symptoms and signs is the key to cor-
rect diagnosis and one examination alone is not usually 
sufficient to render a diagnosis; second, the examination is 
incomplete unless digital rectal and (in women) speculum/
bimanual examinations of the pelvis are performed; third,
urine analysis and pregnancy test should be performed to
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TABLE 22.2. Imaging Modalities in the Diagnosis of Acute Appendicitis.

Modality Key findings Sensitivity (%) Specificity (%)

Plain abdominal film Fecalith 30 50–80
Loss of fat stripe
Sentinel loop/ileus

Barium enema Nonfilling of appendix; cecal 85 95
wall irregularity/mass effect

Ultrasound “Target” sign abscess; loss of 80 90
motility

CT scan Phlegmon abscess 95 90

FIGURE 22.2.  Sonographic detection of an acutely inflamed, un-
ruptured appendix. A “target” sign is demonstrated just below the
abdominal wall musculature. Edema (water density) in the wall sep-
arates the more dense mucosa and submucosa of the appendix from
surrounding structures. (Courtest of Fay Lang, MD, Dept. of Radiol-
ogy, Brigham and Women’s Hospital, Boston, MA.)



avoid missing a diagnosis of urinary tract processes and preg-
nancy, as well as to prevent unknowing exposure of an un-
born fetus to X-ray radiation.

DIFFERENTIAL DIAGNOSIS

Causes of lower abdominal pain other than appendicitis are
listed in Table 22.4, based on location. In young men, given
the appropriate clinical setting, acute appendicitis is the like-

liest cause of acute right lower quadrant pain. Inflammation
of a Meckel’s diverticulum is extremely uncommon, but is
not that different in pathogenesis or natural history from ap-
pendicitis.28 Gastroenteritis may be suspected when GI dis-
turbances (vomiting, diarrhea) are prominent in the symptom
complex; it should be suspected particularly when such symp-
toms precede the development of abdominal pain and when
fever or leukocytosis occur very early in the course of the ill-
ness. Crohn’s disease should also be considered with a chronic
or relapsing history of pain, diarrhea, fever, or weight loss.

In middle-aged and older men, consideration must be given
to inflammatory conditions such as perforating peptic ulcer
with fluid tracking along the right colonic gutter, acute chole-
cystitis, and acute pancreatitis. These conditions are not com-
monly confused with acute appendicitis. More difficult to dis-
tinguish are episodes of acute diverticulitis, especially if the
diverticulum is located in the cecum or ascending colon.29

FIGURE 22.3.  Computerized tomography of three patients with
lower abdominal pain, suspected of having acute appendicitis. A. In
a 17-year-old male, an unopacified appendix (A) and the appendicol-
ith itself (a) are seen. Also visualized are the cecum (C), iliac artery
(IA), and iliac vein (IV). B. In a 21-year-old woman, the opacified ap-
pendix (A) is normal. C. In a 8-year-old girl, enlarged lymph nodes
(N) are seen at the level of the ascending colon (AC), consistent with
a diagnosis of mesenteric adenitis. Also shown are the aorta (A), vena
cava (V), and psoas muscle (P). (From Rao et al. N Engl J Med
1998;338:141–146, with permission.)

A

B

C

TABLE 22.3. Structured Format for Diagnosis of Acute Appendicitis.

Patient identification
History

Previous laparotomy
Previous RLQ pain
Other relevant medical problems
1st degree relative with acute appendicitis
Ob/gyn history and last menses (date)

Clinical assessment
Initial exam date/time/examiner/duration of illness
Repeat exam date/time/examiner/duration of illness

Symptoms/signs 1st exam 2nd exam

Classic history of pain 
(onset, quality, location, 
radiation, associated 
symptoms)

Pain shift to RLQ
Pain with cough/movement
Facial flush
Tenderness at McBurney’s point
Guarding at McBurney’s point
Rectal exam: increased pain on right
Pelvic exam: absence of discharge/

adnexal tenderness
Temperature
Urinalysis

Sugar
WBCs
RBCs
�-HCG

Blood test
Hematocrit/hemoglobin
WBC count
Left shift?

Indication for surgery
Clear indications
Uncertain indications

Operation
Date/time/surgeon
Postoperative diagnosis
Findings
Operation performed

Lessons learned:
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Malignancies must also be considered. Perforating carci-
nomas of the cecum or ascending colon may present with
acute pain and peritoneal findings, or abscess.30 Rarely, a ce-
cal carcinoma itself obstructs the lumen of the appendix, lead-
ing secondarily to an episode of acute appendicitis.31 Lym-
phomas of the terminal ileum can also present with acute
obstruction or perforation, mimicking an episode of compli-
cated appendicitis. Most such abdominal malignancies, how-
ever, are usually accompanied by findings of guaiac-positive
stool, anemia, history of weight loss, or chronic changes in
bowel habits.

In young women, common causes of right lower quadrant
pain include those mentioned for young men and the fol-
lowing problems: rupture of an ovarian follicle or cyst, tor-
sion of an ovary, ectopic pregnancy, and acute salpingitis with
or without tuboovarian abscess. In older but premenopausal
women, endometriosis is a cause of chronic lower abdominal
pain that, in very acute episodes, can sometimes be mistaken
for appendicitis.32 With regard to all these gynecological con-
ditions, differentiation from acute appendicitis can usually be
made based on gynecological history and association of the
episode with the phases of the menstrual cycle.

INITIAL MANAGEMENT

It is a truism, but a necessity, to point out that patients with
acute abdominal pain can be separated into those who are
clearly sick and getting worse, those who are clearly not very
sick and getting better, and those in whom the evolution of
symptoms and signs is not certain. Those patients who are

clearly sick require a management plan that includes the place-
ment of intravenous access, initiation of intravenous fluid in-
fusion to replace calculated losses and to anticipate future
losses, and the inability to take fluids orally. In general, pain
medication and antibiotic therapy should not be administered
if the diagnosis is undecided. Although this point of manage-
ment remains controversial, it should be emphasized that ther-
apy can be initiated intelligently only when the diagnosis is
known or when the failure to treat could result in unaccept-
able morbidity or mortality. When the diagnosis is not certain,
it is this author’s view that early use of pain medication and
antibiotics can obscure and delay the diagnosis and initiation
of appropriate therapy. On the other hand, if the diagnosis of
appendicitis is decided, there are good reasons to make the pa-
tient comfortable and to initiate antibiotic therapy while await-
ing definitive management. Such patients should be admitted
to the care of the surgeon, who must then decide whether fur-
ther diagnostic imaging is needed or whether the situation re-
quires immediate operative exploration.

Patients who seem to be not very ill and getting better
should be evaluated with the following question in mind: Is it
possible that the apparent improvement of symptoms is only
temporary? It is well recognized that perforation of a gan-
grenous appendix can temporarily be accompanied by relief of
some aspects of the patient’s discomfort. In this situation, how-
ever, such patients never quite lose their apprehensiveness and
the abdominal wall rigidity persists. In other circumstances,
the perforation may be accompanied by formation of a walled-
off abscess, which is associated with improvement in pain and
tenderness and even a recovery in appetite. Such patients may
return several days later with a mass that was not suspected
at the initial evaluation. However, most such patients can be
recognized by a rather slow progression of improvement. Most
patients who present with acute abdomminal pain that sub-
sides within a few hours and is not accompanied by local ten-
derness, leukocytosis, anorexia, or signs of systemic illness can
safely be assumed not to have appendicitis and can be dis-
charged. All such patients should receive warnings to return
for evaluation if their symptoms return.

The patient who is not clearly progressing in either di-
rection requires a high level of vigilance. Intravenous access
and fluids should be initiated. Pain medication and antibiotic
therapy should not be started. It is a safe principle of man-
agement to admit all such patients to the hospital ward or to
an observation ward in the emergency department. The pro-
gression of symptoms and signs, and perhaps the white blood
cell (WBC) count, should be evaluated over 6 to 24 h, prefer-
ably by the same examiner. In such cases, the progression of
symptoms clarifies the diagnosis and the interval of observa-
tion poses little real risk in terms of outcome.33 In other cases,
it may be preferable and cost-effective to obtain imaging stud-
ies early on.

IMAGING

There is not a published consensus regarding the use of the
different imaging modalities to evaluate patients with sus-
pected appendicitis. In older patients, the decreased incidence
of appendicitis relative to other diagnoses, particularly ma-
lignancy, makes it reasonable to consider the use of abdom-
inal and pelvic CT to confirm the diagnosis and to exclude
other processes.

In younger patients, particularly women in the child-

TABLE 22.4. Differential Diagnosis of Acute Appendicitis.

A. When the appendix is located above the cecum:
Cholecystitis
Inflamed or perforated duodenal ulcer (fluid tracking down 

the right gutter)
Perinephric abscess
Hydronephrosis (acute or subacute)
Kidney/upper ureteral stone
Omental torsion
Pneumonia with pleurisy
Hepatitis
Pancreatitis

B. When appendix is in the iliac position:
Inflamed or perforated duodenal ulcer (fluid tracking down 

the right gutter)
Crohn’s disease
Cecal carcinoma
Lymphoma
Ureteral stone
Yersinia, CMV, tuberculous infection
Inflamed Meckel’s diverticulum
Psoas abscess (tuberculosis or other cause)
Rupture or hematoma of the rectus abdominis muscle
Cecal ulcer
Typhoid fever (Salmonella typhi or Salmonella paratyphi)

C. When the appendix is in the pelvic position:
Intestinal obstruction
Diverticulitis of the colon
Perforation of a typhoid ulcer
Gastroenteritis

D. In women:
Ectopic pregnancy
Ovarian cyst ruptured or twisted on its pedicle
Pelvic inflammatory disease (including rupture of pyosalpinx)
Ruptured ovarian follicle
Ruptured corpus luteum cyst
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bearing years, ultrasound can be useful in excluding gyneco-
logical processes and in evaluating the appendix. Used in con-
junction with a carefully obtained history and examination,
it reduces the need for laparotomy and laparoscopy simply to
establish a diagnosis. As it is generally an inexpensive test,
it is our preferred modality in pediatric and young adult pa-
tients in whom the diagnosis is in doubt.

Although plain abdominal films have been included in the
traditional evaluation of such patients,34 it is difficult to jus-
tify their routine use unless there is concern for the possi-
bility of a perforated viscus (e.g., duodenal ulcer or divertic-
ulitis). Except in unusual circumstances, barium enema
would not be used to evaluate a patient in whom acute ap-
pendicitis is strongly suspected.

INDICATIONS FOR OPERATION

When the diagnosis of appendicitis has been made with a rea-
sonable degree of certainty, operation is indicated except in
unusual circumstances. One such circumstance involves the
patient in whom the acute illness has passed but is now com-
plicated by formation of a well-circumscribed abscess. CT is
excellent at delineating such lesions. In some cases, antibi-
otic therapy alone can be used to help the mass resolve; in
others, the use of CT directs a percutaneous approach to
drainage.35,36 In this situation, the base of the cecum and 
appendix are not recognizable in the inflammatory mass. A
secure operative closure is not feasible and operative inter-
vention is not likely to accomplish much more than percu-
taneous drainage of the abscess. CT-directed drainage avoids
laparotomy until definitive (so-called interval) appendectomy
is performed some weeks later. This approach is particularly
suited to the elderly, infirm patient who is at risk for more
morbidity in the acutely ill and debilitated state. It should be
emphasized that a nonoperative approach is employed most
successfully when the acute illness is passed or when the ab-
scess is circumscribed. Most patients are better served by
early operation once the diagnosis is made.37

It should be pointed out that a number of clinicians have
also evaluated the possibility of treating acute appendicitis,
in its early phases, using intravenous antibiotics alone. How-
ever, limited data suggest that it would be difficult to argue
that this nonoperative approach is a cost-effective approach
in most clinical situations.

PREOPERATIVE PREPARATION

Once the diagnosis is made and operative management is cho-
sen, the patient should be made comfortable with pain med-

ication. Fluid status should be monitored closely, using clin-
ical indicators (pulse, blood pressure, urine output). Elec-
trolyte balance is not usually a problem, unless the illness
has been prolonged and other complications (i.e., bowel ob-
struction) have supervened. If such imbalances are detected
in the admitting serum chemistry evaluation, they should
also be addressed.

When the decision to operate has been made, antibiotic
therapy is started, usually consisting of a second-generation
cephalosporin alone or a combination regimen that includes
broad-spectrum coverage of gram-negative aerobes (princi-
pally E. coli) and anaerobes (Bacteroides spp.).38 It should be
emphasized that ordinarily, the goal of antibiotic therapy is
not to treat the appendicitis itself. In uncomplicated cases
antibiotics are used to reduce the incidence of wound and
deep peritoneal infections that may occur after the operation
and to protect against the consequences of bacteremia. In
cases complicated by abscess formation or bacteremia, an-
tibiotics are used to treat the complications. The literature
regarding antibiotic prophylaxis is complicated, but there
does seem to be consensus about the following: (1) in un-
complicated cases, a second-generation cephalosporin is as ef-
fective in reducing wound complications as multiple drug reg-
imens; (2) antibiotics are most effective when given just before
or at the time of surgery, to obtain good tissue levels as the
incision is being made; and (3) in uncomplicated cases, one
dose is enough and additional doses after the operation do not
further reduce infection rates.

OPERATIVE DECISIONS

The first decision to be made is whether the procedure will
be performed through a traditional “open” approach or with
the assistance of laparoscopy (see Table 22.5). Numerous tri-
als comparing open and laparoscopically assisted approaches
have been performed since the technique was popularized in
the early 1990s. A number of outcome–cost and meta-analy-
ses have been published in the last few years as well.39–42

Based on the most recent information available, it seems clear
that, in uncomplicated cases where the diagnosis is secure,
the laparoscopic approaches may offer a small reduction in
pain scores, a mild reduction in hospital stay, and possibly a
reduction in wound infection rates. Return to work may also
occur earlier. In these cases, however, the operating time and
overall hospital costs of the laparoscopic approach are higher.
Thus, in a cost analysis, the benefit of laparoscopically as-
sisted appendectomy can only be realized if the patients rou-
tinely return to work and productive activity sooner than pa-
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TABLE 22.5.

Advantages of Laparotomy versus Laparoscopy Approaches to 
Appendectomy.

Laparotomy Laparoscopy

Shorter time in operating room Diagnosis of other conditions
Lesser cost of operation Decreased wound infection
Overall lesser cost of hospital stay Minimal decrease in hospital stay
Possibly less risk of intraabdominal Possible decrease in time for convalescence and return 
abscess in perforated cases to work or normal activity

Source: Based on meta-analysis and reviews of prior prospective controlled randomized trials (Level I Evidence),
including Br J Surg 1997;84:1045–1050, Dis Colon Rectum 1998;41:398–403, J Am Coll Surg 1998;186:545–553.



tients undergoing open procedures. This advantage has not
yet been shown. Patients with complications of appendicitis
have not yet been included in large enough numbers to reach
conclusions about the relative advantages of either approach.
In the meantime, the optimal choice for operative approach
should be based on likelihood of diagnosis, complexity of the
appendicitis, and severity of illness.

The one circumstance in which laparoscopic approach
may offer a definite advantage is when the diagnosis is in
doubt. The diagnosis is particularly difficult to make in young
women. In this group, as many as 25% to 50% of patients ex-
plored for the diagnosis of acute appendicitis will actually
have another disorder.43,44 Although the rate of “negative ex-
ploration” is expected to decrease with increasing use of imag-
ing modalities such as ultrasound and appendix-directed CT,
it seems likely that this group of patients will continue to
pose a challenge. Thus, it will probably turn out that patients
in this subgroup will benefit from a laparoscopic approach.

At the time of the operation, the appendix is removed if
it appears inflamed. A key point in the operation includes dis-
section of appendix to its true base at the confluence of the
tenia on the cecal wall. Failure to fully dissect the appendix
may lead to retention of an appendiceal stump that is suffi-
ciently large to harbor recurring appendicitis. A number of
such cases have been reported, occurring even many years
later. Such cases should serve as a warning to the wary clin-
ician: even when a patient reports a prior appendectomy and
has a scar to prove it, there may yet be a recurrent appen-
dicitis.

Once identified, the appendix is amputated close to the
base. When the operation is performed open, it is customary
to invert the appendiceal stump into the cecal lumen. How-
ever, there is no evidence that this reduces postoperative leak
or fistula formation, either being exceedingly rare events in
uncomplicated cases. When surgery is performed laparoscop-
ically, the appendix is usually amputated at its base using a
stapling device, and no inversion is performed. When the base
of the appendix cannot be identified because inflammation or
abscess formation precludes safe dissection, a closed suction
drain may be placed into the cavity. If the lumen of the ap-
pendix has not been obliterated, the drain allows fecal con-
tents to drain to the outside, thereby preventing accumula-
tion of pus and fecal material inside the peritoneal cavity.

If the exploration or laparoscopy fails to reveal acute ap-
pendicitis, a search for the cause of the acute abdominal pain
must be undertaken. If no other source of pain can be iden-
tified, it is reasonable to remove the appendix. There are three
reasons for removing the appendix, even if it appears grossly
normal: first, the presence of a scar and history of exploration
for the diagnosis may lead future care providers to assume
the appendix has been removed; second, if the pain recurs, re-
moval of the appendix eliminates this diagnosis from the dif-
ferential (with the caveat just noted); and third, even in grossly
normal appendices, early intramural or serosal inflammatory
changes (so-called periappendicitis) have been noted with reg-
ularity (25%–50%) in microscopic evaluation or with special
stains for inflammatory cytokines.45,46

The last intraoperative decision is whether the wounds
should be left open, with the risk of wound infection, or
whether they can be closed primarily. Although most authors
recommend leaving the incisions open when there is gross

contamination by pus and fecal material, there is increasing
evidence that this may be no more unsafe and less cost-
effective than closing all wounds (where it is feasible) and
later treating any wound infections that result.47 This deci-
sion should be individualized to each patient.

POSTOPERATIVE CARE

In uncomplicated cases, patients may take liquids and then
solid food as soon as they feel able, and discharge should be
anticipated within 24 to 48 h. Postoperative antibiotics and
nasogastric decompression are not indicated routinely in such
patients. Patients with perforation, abscess, or other compli-
cations have a variable course. With established peritonitis
or abscess formation, a longer course of antibiotics may be
needed, from 5 to 7 days after surgery.

SPECIAL CONSIDERATIONS

ADVANCED AGE

It is widely recognized that elderly patients with appendici-
tis present with less acute symptoms, less impressive clini-
cal signs, and leukocytosis.48–50 Up to 30% of elderly patients
present more than 48 h into the illness, and between 50%
and 70% have a perforation at the time of surgery. In addi-
tion, the elderly are susceptible to malignancy and other
processes that are in the differential diagnosis, making cor-
rect preoperative diagnosis of acute appendicitis more diffi-
cult. Perioperative complications and mortality of delayed 
intervention increase with age as well. However, timely in-
tervention can result in very acceptable complication rates,
even in the most elderly patients. Therefore, in this age group,
it is reasonable to be diagnostically aggressive (i.e., use CT
scan) to establish the diagnosis or to identify other pathology
and to move as quickly as possible to the appropriate inter-
vention.

PREGNANCY

The diagnosis of acute appendicitis during pregnancy is one
of the most challenging of all clinical problems. Pregnancy
itself, especially in the early stages, is associated with nau-
sea, vomiting, and pain. In the first and early second trimester,
the evolution of symptoms and signs is not different from
that in nonpregnant women. After the fifth month, the ce-
cum and appendix are shifted upward by the expanding
uterus. In the last trimester, localized tenderness from the ap-
pendix may be found in the upper flank and right upper quad-
rant of the abdomen. Ultrasound is very helpful in this set-
ting, as it may provide images of the appendix, gallbladder,
uterus, and other pelvic organs.51 X-rays should be avoided if
at all possible.

When the diagnosis of appendicitis is considerred likely,
the patient should be explored. The following considerations
should be borne in mind if the diagnosis is not certain52–54:
(1) appendicitis is not more common in any of the three
trimesters; (2) progression to perforation seems to be more
common in the last trimester, presumably because of delays
in seeking treatment and delays in recognition of the need for
surgery; (3) fetal mortality is probably less than 5% if the ap-
pendix is removed before rupture and as high as 20% if the
appendix is removed after rupture; and (4) maternal mortal-
ity is small (less than 1%) but has been reported almost ex-
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clusively in patients who had a ruptured appendix. On the
other hand, patients and relatives need to be counseled about
the risks of negative laparotomy to the fetus. Overall, how-
ever, it would seem that, while the risk of preterm labor in
increased, the actual harm to the fetus is not associated with
increased perinatal mortality.55 These considerations strongly
argue for a proactive approach to exploration in doubtful cases
and probably justify the higher negative laparotomy rates of
25% to 40% that have been reported.

One additional consideration is whether it is safe and 
appropriate to submit the pregnant patient to laparoscopic ex-
ploration and appendectomy. In the last trimester of preg-
nancy, it is technically too difficult for laparoscopic instru-
ments to reach the appendix, which lies above or behind the
uterus, and the procedure is most expeditiously performed us-
ing an open incision. In the first and early second trimester,
however, it is feasible to perform laparoscopy and, if needed,
appendectomy with laparoscopic assistance. The safety of lap-
aroscopic surgery in pregnancy remains a controversial sub-
ject, with some groups reporting no adverse events and some
groups reporting higher than expected incidents of adverse fe-
tal outcomes.56,57 When the diagnosis of appendicitis seems
likely, an open procedure is probably the most expeditious
approach.

IMMUNOCOMPROMISE

Immunocompromise alters responses of patients to localized
infection and systemic stress, as well as hindering normal
processes of wound healing. Because appendicitis strikes pa-
tients in all age groups and walks of life, it must be consid-
ered in the differential diagnosis of acute abdominal pain of
patients who have undergone organ transplantation, patients
who have received chemotherapy for malignancy, patients
with hematological malignancy or bone marrow failure, and
patients who are infected with HIV or HTLV. A comprehen-
sive discussion of abdominal pain in the immunocompromised
state is beyond the scope of this chapter. However, it is worth
pointing out that the differential diagnosis is broad, including
pancreatitis from medication or viral [cytomegalovirus (CMV)]
infection, viral hepatitis, acalculous cholecystitis (viral, Cam-
pylobacter, ischemia), intraabdominal infection due to oppor-
tunistic organisms, secondary malignancies such as lympho-
ma, graft-versus-host disease, or neutropenic enterocolitis.

The patient with known HIV infection and AIDS may
pose a particularly difficult diagnostic dilemma and thera-
peutic challenge. The pain syndrome is frequently atypical,
and delays in recognition and treatment are not uncommon.
Expeditious use of CT is recommended, both to verify the di-
agnosis and to exclude other pathological processes. Morbid-
ity and mortality rates from acute appendicitis were thought
to be almost prohibitive; even now, it is clear that patients
with AIDS may well have higher than expected complication
and death rates after emergency laparotomy. However, early
diagnosis and treatment are associated with excellent short-
term survival and discharge. The presence of AIDS should not
be viewed as a contraindication for aggressive diagnosis and
operative intervention.58–61

CAMPYLOBACTER JEJUNI AND YERSINIA ENTEROCOLITICA

These two bacteria are responsible for a small percentage of
cases of acute appendicitis.62 Antibiotics are recommended

only in cases that do not resolve quickly or if fever and symp-
toms are intense.

CHRONIC APPENDICITIS

Chronic right lower quadrant pain is sometimes attributed to
chronic appendicitis. In careful reviews of individual cases, it
has generally been possible to recognize an initial, acute
episode that might have been recognized as acute appendici-
tis.63,64 However, cases of chronic or recurrent acute appen-
dicitis are now well documented. In addition, there are cases
in which it is reasonable to explore or perform laparoscopy
for selected patients with recurring pain and removing the ap-
pendix if no other lesion or source can be identified.65

INCIDENTAL APPENDECTOMY

This term refers to the removal of the appendix when the 
laparotomy or laparoscopy is being performed to address an 
unrelated clinical problem. The stated goal of this practice is
to prevent an episode of acute appendicitis later on. It may
be reasonable to perform incidental appendectomy in chil-
dren and young adults, but it is difficult to justify the prac-
tice in patients over the age of 30 years. Incidental appen-
dectomy should not be performed if, in the surgeon’s
judgment, there is a possibility that it would incur any addi-
tional morbidity.

Neoplasms of the Appendix

Neoplasms are found in about 0.5% of appendices.66,67 The
major categories are primary adenocarcinoma, cystic neo-
plasms, carcinoid tumor, and metastatic tumors. Stromal tu-
mors (leiomyoma, leiomyosarcoma, lipoma) have been re-
ported also, but are extremely rare. Lymphoma has also been
increasingly recognized, arising in patients with AIDS and
causing significant complications.

PRIMARY ADENOCARCINOMA

The diagnosis of primary appendiceal adenocarcinoma is al-
most never suspected before surgery. The most common pre-
sentation is that of acute appendicitis or of carcinoma of the
right colon. The staging system for these lesions is similar to
that for colon carcinoma. In a series reported by the Mayo
Clinic,66 Dukes stages A, B, C, and D were associated with
5-year survival rates of 100%, 67%, 50%, and 6%, respec-
tively. The optimal treatment is right hemicolectomy. When
the lesion has been diagnosed by the pathologist in a simple
appendectomy specimen, it is recommended that the patient
undergo reexploration and formal hemicolectomy.66,68

CYSTIC NEOPLASMS AND PSEUDOMYXOMA PERITONEI

On occasion, the appendix may be transformed into a cystic
structure, called a mucocele.69–71 Neoplastic lesions (cyst-
adenoma, cystadenocarcinoma) are found in approximately
75% to 85% of mucoceles, although most of these lesions are
benign cystadenoma. These lesions generally present as inci-
dental findings on CT or painless masses. When the muco-
cele has ruptured, appendectomy is curative if the lesion is
benign. If the lesion is malignant, however, cancer cells are
spilled into the peritoneum and carcinomatosis may ensue.
Pseudomyxoma peritonei is caused by spillage of implanta-
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tion of mucin-secreting cells into the peritoneal cavity. Wide
resection of the primary disease, if at all possible, is recom-
mended.

CARCINOID TUMORS

Carcinoids represent the great majority of tumors found in
the appendix, and the appendix is the most common site in
the alimentary tract where carcinoids are found.67,69 About
50% of the time these tumors are found incidently at surgery
and about 50% of the time they present with acute appen-
dicitis. About 75% of the time, the lesions are less than 1 cm
in size; about 10% of the time they are more than 2 cm. Most
lesions are found at the tip or in the distal third of the ap-
pendix. Lymph node and distant metastases have been re-
ported almost exclusively when lesions are greater than 2 cm
in size, although regional and distant spread have been re-
ported in small tumors. It is very rare for the carcinoid syn-
drome to accompany an appendiceal carcinoid.

These lesions are best managed according to size. When
less than 2 cm, simple appendectomy is sufficient because
the likelihood of lymph node metastasis is low. When larger
than 2 cm, right hemicolectomy is recommended to obviate
the possibility of leaving diseased regional nodes undiagnosed.
Patients with distant metastasis are treated by combination
chemotherapy protocols used for carcinoid tumors in other
regions. The metastases of these lesions grow slowly, so that
5-year survival rates are greater than 50% even when distant
disease is present.
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Colon, Rectum, and Anus
Mark L. Welton, Madhulika G. Varma,

and Andreas Amerhauser

Anatomy and Physiology

Anatomy

COLONIC ANATOMY

The colon is one structural unit with two embryological ori-
gins. The cecum and right and midtransverse colons are of
midgut origin and as such are supplied by the superior mesen-
teric artery. The distal transverse, splenic flexure, and de-
scending and sigmoid colon are of hindgut origin and receive
blood from the inferior mesenteric artery. The entire colon
starts as a midline structure that rotates during development
and attaches laterally to the right and left posterior peri-
toneum. The right and left colonic mesenteries are obliter-
ated, fusing to the posterior peritoneum in these regions, leav-
ing these portions of the colon covered by peritoneum on the
lateral, anterior, and medial surfaces. The transverse and sig-
moid colons, in contrast, are completely covered with peri-
toneum and are attached by long mesenteries, allowing for
great variation in the location of these structures.

COLONIC HISTOLOGY

Three layers form the mucosa of the colon: epithelium, lam-
ina propria, and muscularis mucosa. The epithelium is colum-
nar with crypts made of straight nonbranching tubules (glands
of Lieberkuhn). The cells around the crypts are simple colum-
nar cells with occasional goblet cells. The crypts are mostly
lined with goblet cells, except at the bases, where undiffer-
entiated cells, amine precursor uptake and decarboxylation
cells (APUD), and enterochromaffin cells predominate. The
lamina propria is connective tissue surrounding a network of
capillaries. The muscularis mucosa is a thin sheet of muscle
fibers containing a network of lymphatics. The submucosa is
a layer of connective tissue containing vessels, lymphatics,
and Meissner’s plexus. The muscularis propria is composed
of circular and longitudinal muscle. The inner circular mus-
cle completely encompasses the entire colon and rectum, end-
ing in the anus as the internal sphincter muscle. The myen-
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teric plexus of Auerbach lies on the circular muscle. The lon-
gitudinal muscle is grouped into three dominant cables of
muscle called taeniea coli that originate in the cecum and
fuse together to form a circumferential coat at the junction
of the sigmoid and rectum. The colon is covered with serosa
on the intraperitoneal surfaces, but not where it is attached
to the retroperitoneum on the posterior aspects of the as-
cending and descending colon.

COLONIC ARTERIAL SUPPLY

The blood supply to the colon is quite variable, but general
patterns exist (Fig. 23.1). The ileocolic artery, a constant struc-
ture, is the terminal branch of the superior mesenteric artery.
It commonly gives rise to cecal, appendiceal, ileal, and as-
cending branches, some of which anastomose with ileal and
right colic vessels. The right colic artery may originate from
the superior mesenteric, middle colic, or ileocolic vessels and
is present in 10% to 98% of cases.1,2 The middle colic artery
arises from the superior mesenteric artery, branches early into
the right and left branches, and anastomoses with the as-
cending branches of both the right and left colic arteries. The
artery is present in 95% to 98% of cases.2,3 The inferior mesen-
teric artery originates from the aorta 3 to 4 cm above the bi-
furcation.4 It gives rise to the left colic artery, to the sigmoid
vessels, and ends in the superior rectal artery. The left colic
artery divides into ascending and descending branches. The
ascending branch anastomoses with branches off the middle
colic and the descending branch anastomoses with the sig-
moid vessels. Collateral circulation between the vessels of su-
perior mesenteric and inferior mesenteric arteries is through
two named arteries: the marginal artery of Drummond and
the “Arc of Riolan” or “meandering mesenteric.”

COLONIC VENOUS DRAINAGE

The venous drainage of the colon is through veins that bear
the same name as the arteries with which they run except
for the inferior mesenteric vein that runs alone in the mesen-
tery of the left colon to join the splenic vein.



FIGURE 23.1.  The arterial supply to the colon and rectum. The lym-
phatic drainage parallels the arterial supply.

COLONIC LYMPHATIC DRAINAGE

The lymphatic drainage of the colon starts as a network of
vessels within the muscularis mucosa, which drain into the
extramural system. The extramural lymphatic vessels and
nodes follow along the arteries to their origins at the supe-
rior and inferior mesenteric vessels.

COLONIC INNERVATION

The colon is innervated via the sympathetic and parasym-
pathetic nervous systems. Sympathetic stimulation inhibits
peristalsis whereas it is promoted by the parasympathetic
system.

ANORECTAL ANATOMY

The rectum is approximately 12 to 15 cm long. It extends
from the rectosigmoid junction, marked by the fusion of the
tenia, to the anal canal, marked by the passage of the bowel
into the pelvic floor musculature. The rectum lies in the
sacrum and forms three distinct curves, creating folds that
when visualized endoscopically are known as the valves of
Houston. The rectum gradually transitions from intraperi-
toneal to extraperitoneal, beginning posteriorly at 12 to 15
cm from the anus and becoming completely extraperitoneal
at the anterior peritoneal reflection, 6 to 8 cm from the anus
(Fig. 23.2). The rectum is “fixed” posteriorly, laterally, and
anteriorly by the presacral or Waldeyer’s fascia, the lateral lig-
aments, and Denonvilliers fascia, respectively.5–7

The anatomical anal canal starts at the dentate line and
ends at the anal verge. However, a practical definition is the
surgical anal canal, which extends from the termination of
the muscular diaphragm of the pelvic floor to the anal verge.8

The internal sphincter is a specialized continuation of the cir-
cular muscle of the rectum. It is an involuntary muscle that
is normally contracted at rest. The external sphincter is com-

posed of voluntary striated muscle. The conjoined longitudi-
nal muscle separates the internal and external sphincter. This
intersphincteric plane is created by the continuation of the
longitudinal muscle of the rectum, joined by fibers from the
levator ani and puborectalis forming the conjoined muscle.9

Hemorrhoids are found in the subepithelial tissue above
and below the dentate line. These are cushions composed of
vascular and connective tissues and supportive muscle fibers.
Internal hemorrhoids originate above the dentate line and are
lined with insensate rectal columnar and transitional mucosa.
External hemorrhoids are similar vascular complexes except
that they are underlying the richly innervated anoderm rather
than insensate rectal mucosa.

ANORECTAL HISTOLOGY

The rectum is composed of an innermost layer of mucosa that
lies over the submucosa, two continuous sheaths of muscle,
the circular and longitudinal muscles, and in the upper rec-
tum, serosa. The mucosa is subdivided into three layers: (1)
epithelial cells, (2) lamina propria, and (3) muscularis mucosa.
The muscularis mucosa is a fine sheet of muscle containing
a network of lymphatics. Lymphatics are not present above
this level, making the muscularis mucosa critical in defining
metastatic potential of malignancies.10

ANORECTAL ARTERIAL SUPPLY

The arterial supply of the anorectum is via the superior, mid-
dle, and inferior rectal arteries.11 The superior rectal artery is
the terminal branch of the inferior mesenteric artery and de-
scends in the mesorectum. It supplies the upper and middle
rectum. The middle rectal arteries generally arise from the in-
ternal pudendal artery, but may come off the inferior gluteal
or internal iliac arteries. They enter the rectum anterolater-
ally in the distal third of the rectum at the level of the pelvic
floor musculature.6,11 They supply the lower two-thirds of the
rectum. The inferior rectal arteries, branches of the internal
pudendal arteries, enter posterolaterally, do not anastomose
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FIGURE 23.2.  The rectum transitions from completely intraperi-
toneal to extraperitoneal as it passes into the pelvis. The point at
which it becomes completely extraperitoneal is the anterior peri-
toneal reflection. The muscles of the pelvic floor create a broad sheet
suspending the rectum.



FIGURE 23.3.  The rectum is compressed by the puborectalis and ex-
ternal sphincter complex as it transitions into the surgical anal canal.

extramurally with the blood supply to the rectum, and pro-
vide blood supply to the anal sphincters and epithelium.

ANORECTAL VENOUS DRAINAGE

The venous drainage of the anorectum is via the superior,
middle, and inferior rectal veins draining into the portal and
systemic systems. The superior rectal vein drains the upper
and middle third of the rectum. It empties into the portal sys-
tem via the inferior mesenteric vein. The middle rectal veins
drain the lower rectum and upper anal canal into the sys-
temic system via the internal iliac veins. The inferior rectal
veins drain the lower anal canal, communicating with the 
pudendal veins and draining into the internal iliac veins.
There is communication between the venous systems, which
allows low rectal cancers to spread via the portal and sys-
temic systems.

ANORECTAL LYMPHATIC DRAINAGE

Lymphatic drainage of the upper and middle rectum is into
the inferior mesenteric nodes. Lymph from the lower rectum
may also drain into the inferior mesenteric system but may
drain to the systems along the middle and inferior rectal ar-
teries, posteriorly along the middle sacral artery, and anteri-
orly through channels in the retrovesical or rectovaginal sep-
tum. These drain to the iliac nodes and ultimately to the
periaortic nodes. Lymphatics from the anal canal above the
dentate line drain via the superior rectal lymphatics to the
inferior mesenteric lymph nodes and laterally to the internal
iliac nodes. Below the dentate line drainage occurs primarily
to the inguinal nodes but can occur to the inferior or supe-
rior rectal lymph nodes.

ANORECTAL INNERVATION

The innervation of the rectum is via the sympathetic and
parasympathetic nervous systems. The sympathetic nerves
originate from the lumber segments L1–L3, form the inferior
mesenteric plexus, travel through the superior hypogastric
plexus, and descend as the hypogastric nerves to the pelvic
plexus.12

The parasympathetic nerves arise from sacral roots S2–S4
and join the hypogastric nerves anterior and lateral to the rec-
tum to form the pelvic plexus. Sympathetic and parasympa-
thetic fibers pass to the rectum and internal anal sphincter
as well as the prostate, bladder, and penis. Injury to these
nerves or plexi can lead to impotence, bladder dysfunction,
and loss of normal defecatory mechanisms.13–15

The internal anal sphincter is innervated by the auto-
nomic nervous system. It receives excitatory sympathetic in-
nervation via the hypogastric nerves (L5) and inhibitory
parasympathetic innervation by the pelvic splanchnic nerves
S2–S4. The inferior rectal branch of the pudendal nerve S2–S4
innervates the external anal sphincter.

Sensations of noxious stimuli above the dentate line are
conducted through afferent fibers of these parasympathetic
nerves and experienced as an ill-defined dull sensation. Be-
low the dentate line, the epithelium is exquisitely sensitive
and richly innervated by somatic nerves.16 Cutaneous sen-
sations of heat, cold, pain, and touch are conveyed through
the inferior rectal and perineal branches of the pudendal
nerve.

PELVIC FLOOR ANATOMY

The pelvic floor is a consortium of funnel-shaped muscles
that separate the pelvis and the perineum. It is composed of
the levator ani and puborectalis muscles. The puborectalis
serves as a bridge between the broad sheetlike component of
the funnel created by the levators and the narrow spout of
the funnel created by the external anal sphincter (Fig. 23.3).
The puborectalis in the contracted state is responsible for the
normal acute anorectal angle between the levators and the
external sphincters. It is also responsible for the shelf that is
normally palpable on digital exam as one passes from the dis-
tal narrow lumen of the “anus” to the more proximal capa-
cious lumen of the “rectum.”17–19 Innervation of the pelvic
floor is from branches of ventral nerve roots of S2–S4.

Physiology

COLONIC PHYSIOLOGY

The major functions of the colon are absorption, storage,
propulsion, and digestion of the output of the proximal in-
testinal tract.

Absorption of the salts and water of the ileal output is
critical in the maintenance of normal fluid and electrolyte
balance. In normal individuals, the ileum expels approxi-
mately 1500 ml of fluid per day, of which 1350 ml is absorbed
by the colon. The right colon is more active in this process
than the left. Water absorption is driven by active sodium ab-
sorption against concentration and electrical gradients.20,21

An Na�/K�-ATPase pump at the basolateral membrane is re-
sponsible for the net absorption of Na�. Chloride is actively
absorbed in exchange for bicarbonate.22 Urea is secreted into
the lumen of the colon, metabolized by bacteria into ammo-
nia, and absorbed passively in the nonionized form.20 The
colon also actively secretes mucus that is high in K�.

The propulsive and storage functions of the colon are dif-
ficult to study. Radiographic studies have revealed three types
of contractions: segmental nonpropulsive,23 retrograde,24,25

and antegrade propulsive mass movements.26 Segmental con-
tractions occur primarily in the right colon and move con-
tents over short distances distally or proximally. Retrograde
contractions also mix the contents and slow transit, forcing
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the fluid into more proximal bowel and increasing absorption
times.27,28 Mass movements move intraluminal contents
rapidly over long distances.

Digestion is an underrecognized activity of the colon. Pri-
marily anaerobic bacteria that ferment proteins, dietary fiber,
and carbohydrates accomplish digestion. Carbohydrate fer-
mentation produces short-chain fatty acids that are impor-
tant mucosal fuels.29 Their absorption is associated with so-
dium and water absorption and bicarbonate secretion.30 The
bacteria produce substances that the colon could not other-
wise absorb, such as ammonia and vitamin K,31 and detoxify
carcinogens.32

ANORECTAL PHYSIOLOGY

The levator ani create a broad funnel cone suspending the rec-
tum in a muscular sling that ends where the puborectalis
pulls the rectum forward at the anorectal junction, creating
an acute anorectal angle “at rest.” The levators may contain
sensory fibers that report pelvic fullness and therefore may
be important in the sensation of the urge to defecate. The
acuity of the angle created by the puborectalis is critical for
maintaining continence.

The internal sphincter, composed of smooth muscle, gen-
erates 85% of the resting tone. It is innervated with sympa-
thetic and parasympathetic fibers. Both are inhibitory and
keep the sphincter in a constant state of contraction.33 The
external sphincters are skeletal muscles innervated by the pu-
dendal nerve with fibers that originate from S2–S4. The mus-
cles provide 15% of the resting tone and 100% of the volun-
tary squeeze pressures. Voluntary contraction of the external
sphincter should double the resting pressure but cannot be
sustained longer than 3 min.34,35

Hemorrhoids are important participants in maintaining
continence and minimizing trauma during defecation. They
function as protective pillows that engorge with blood dur-
ing the act of defecation, protecting the anal canal from di-
rect trauma due to passage of stool.36 They also seal the anal
canal and prevent leakage of gas and stool. The internal and
external sphincters alone cannot close the anal canal but
when combined with interdigitating internal hemorrhoidal
cushions, continence is achieved.37–39 Hemorrhoidal tissues
engorge when intraabdominal pressure is increased, as occurs
with obesity, pregnancy, lifting, and defecation.

Colon and Rectum: Benign Diseases

Inflammatory Bowel Disease: Crohn’s Disease

Crohn’s disease was originally described as an inflammation
of the terminal ileum that led to stricture and fistula forma-
tion. Since then, this nonspecific, transmural, inflammatory
bowel disease has been found throughout the gastrointestinal
tract, from the oropharynx to the anus.40 It also manifests it-
self in many extraintestinal symptoms of the eyes, skin, and
joints. Crohn’s colitis is distinguished from ulcerative colitis
on the basis of gross and microscopic pathology (Table 23.1).
Approximately 10% to 15% of patients will be diagnosed with
indeterminate colitis6 and have features of both diseases.

The incidence of Crohn’s disease ranges from 0.30 to 10
per 100,000 population; the prevalence is approximately 10
to 90 cases per 100,000 population. There is a bimodal age

distribution, with the first peak at age 15 to 30 years and the
second at 55 to 80 years. Some studies have shown that
women, Jewish people, cigarette smokers, urban dwellers, and
oral contraceptive users are at increased risk.41–44 Although
Crohn’s disease has been noted in families, no genetic trans-
mission has been found. The etiology of Crohn’s disease re-
mains elusive, as does the etiology of ulcerative colitis with
which it shares many similarities.

The presentation of Crohn’s disease can be difficult to ap-
preciate. Patients have a variety of symptoms that are directly
related to the extent, character, and location of the inflam-
mation. The classic symptoms are abdominal pain, diarrhea,
which can be bloody, and weight loss. Other signs and symp-
toms include fever, nausea, vomiting, anorexia, palpable ab-
dominal mass, aphthous ulcerations of the mouth, cholelithi-
asis, and renal calculi.

The nature of Crohn’s disease can be divided into three
categories: inflammatory, stricturing, and fistulizing. Patients
with stricturing Crohn’s disease may only have symptoms of
obstruction, whereas those with a fistula or abscess may have
a more septic presentation.

The disease occurs most commonly in the ileocolic re-
gion (30%–45%), followed by isolated small bowel (20%–
40%) and colonic (16%–40%) disease.45–48 Five percent of pa-
tients will present with perianal disease and no evidence of
other disease. For those with Crohn’s disease limited to the
colon, two of three will have total colonic involvement.6

The evaluation for Crohn’s disease verifies the diagnosis
and assesses the severity and extent of the disease. Upper and
lower endoscopy with directed and random biopsies and ra-
diographic imaging will help to elucidate the diagnosis. Stool
cultures may find evidence of infectious enterocolitis that
may mimic Crohn’s disease. Colonoscopy is the most sensi-
tive test for identifying a patchy distribution of inflamma-
tion, terminal ileal involvement, and rectal sparing that are
highly suggestive of Crohn’s. Endoscopic findings include
mucosal edema and erythema, aphthous or linear ulcerations,
and fibrotic strictures. Biopsy is diagnostic when a sarcoid-
type giant cell granuloma is found.

It is important to distinguish Crohn’s colitis from ulcer-
ative colitis. Therefore, thorough evaluation of the rest of the
GI tract is critical. Many patients with colonic disease also
have small-bowel findings, which distinguishes Crohn’s from
ulcerative colitis. To evaluate the extent of the disease an up-
per GI with small-bowel follow-through is imperative to find
lesions of the stomach, duodenum, or small intestine such as
strictures or fistulas.

The most common symptoms found outside the gas-
trointestinal tract involve the skin, eyes, and joints. Erythema
nodosum and pyoderma gangrenosum are dermatological dis-
eases that occur with both ulcerative colitis and Crohn’s dis-
ease. Multiple subcutaneous nodules that are tender, red,
raised, and microscopically composed of lymphocytes and his-
tiocytes characterize erythema nodosum. Pyoderma gan-
grenosum develops from an erythematous lesion into a ten-
der necrotizing ulcer.

Ocular manifestations include uveitis, iritis, episcleritis,
vasculitis, and conjunctivitis. These findings are more com-
monly associated with colonic disease and infrequently pre-
cede any intestinal symptoms.

Arthritis, synovitis, ankylosing spondylitis, and sacroili-
itis are all joint complications of ulcerative colitis and
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Crohn’s disease. Although arthritis and synovitis may im-
prove with treatment of intestinal disease, the latter two can
only be abated.

The incidence of carcinoma is increased in the setting of
Crohn’s disease and should be suspected in patients with a se-
vere or chronic stricture.

Surgical specimens have certain classic characteristics.
The intestinal wall is generally thickened and hyperemic with
a corkscrewing of the vessels. The mesentery is thickened
and tends to wrap around the bowel wall as “creeping fat.”
Mesenteric lymph nodes can be quite enlarged. The segment
of intestine removed may contain an abscess cavity or direct
fistulous communication to another loop of intestine or ad-
jacent organ. The mucosal appearance is similar to that seen
on endoscopy with inflammatory pseudopolyps and cobble-
stoning. The microscopic characteristics include submucosal
inflammation with edema, lymphocyte and plasma cell in-
filtrates, and fibrosis. The granulomas specific for the disease
are found in only 50% to 60% of resected specimens.

MEDICAL THERAPY

The primary treatment of Crohn’s disease is medical. Surgery
is indicated for complications of the disease process.

AMINOSALICYLATES

Sulfasalazine and mesalamine are the two aminosalicylates
used for Crohn’s disease. Sulfasalazine works after the azo
bond is cleaved in the colon, making the 5-ASA active com-
ponent available. Thus, the drug is useful for patients with
Crohn’s colitis or ileocolitis.49,50 Unbound mesalamine 
(5-ASA) is absorbed in the proximal small bowel and is there-
fore useful in proximal and mid small bowel Crohn’s disease.
However, mesalamine may be coated with an inert substance
that slows absorption making it useful in the treatment of
ileocolic and colonic Crohn’s disease. Mesalamine (5-ASA)
delivered rectally in enema or supppository form allows di-
rect opical therapy for reetal and descending colonic disease.

CORTICOSTEROIDS

For patients with exacerbations leading to moderate or severe
Crohn’s disease, steroids are the primary therapy. However,
they do not help to maintain remission and are detrimental
when used for long-term treatment (more than 6–9 consecutive
months). They inhibit the release of arachidonic acid, IL-1, and
IL-2, thus exerting an immunosuppressive effect. They can be
administered orally, rectally, and for severe cases parenterally.51

ANTIBIOTICS

Although antibiotics are not used to treat specific bacterial
organisms, they have been found to be effective in the treat-
ment of Crohn’s disease, especially for the perianal area.
Metronidazole is the most common agent employed, al-
though ciprofloxacin has also been used. By decreasing the
amount of bacterial flora in the intestinal lumen, they act to
prevent the infectious complications of Crohn’s disease such
as abscesses and fistulas. Clinical trials have shown their ef-
ficacy in inducing remission.52–54

IMMUNOMODULATORS

As increasing evidence points to an immunological etiology
of inflammatory bowel disease, efforts have been made to uti-
lize various immunotherapies. The drugs most commonly

used are azathioprine and its metabolite, 6-mercaptopurine
(6-MP), antimetabolites that inhibit DNA synthesis. The
mechanism of these drugs stems from their inhibition of 
T-cell clones. A meta-analysis of nine trials found that aza-
thioprine and 6-MP are effective in patients with active dis-
ease but the adverse side effects approached 10%.55 The most
important criteria for the success of azathioprine and 6-MP
are adequate dosing, initial treatment with corticosteroids,
and adequate duration of treatment. Withdrawal of drug has
shown a 70% relapse rate.55

Methotrexate is a folate analogue that inhibits purine and
pyrimidine synthesis and has been shown in a number of tri-
als to be effective in treating Crohn’s disease.56 However, this
drug has significant side effects including hepatotoxicity and
bone marrow suppression and thus is reserved for patients
with severe Crohn’s that is refractory to other therapies.
Other drugs shown to be effective include cyclosporine,
tacrolimus, mycophenolate mofetil, and infliximab. 

SURGICAL THERAPY

As previously stated, the primary treatment of Crohn’s dis-
ease is medical and surgery is considered for patients with
specific complications of the disease. Crohn’s disease cannot
be cured by an operation, but it can help ameliorate certain
situations (Table 23.2). The goal in the surgical management
of Crohn’s disease is to minimize the amount of healthy small
bowel and colon resected and the amount of healthy perianal
tissue divided while treating the complication that led to
surgery. This goal can be achieved through sufficient preoper-
ative assessment of disease and nutritional status, bowel rest,
TPN (total parenteral nutrition), percutaneous drainage of ab-
scesses, and maximal medical therapy to minimize the amount
of inflammation in surrounding uninvolved normal tissue.

The three classic indications for surgery are stricture, bleed-
ing, and perforation. Patients with symptoms of obstruction
not responsive to medical treatment with radiographic evi-
dence of a stricture, and without a predominant component of
inflammation, require operative intervention for the stenotic
diseases. Medical therapy may be adequate for fistulizing dis-
eases of the perineum or between two loops of bowel, but if
the fistulas result in undrained abscesses, either intraabdomi-
nal or perineal, or if they result in free perforation of the in-
testine, urgent surgical consultation is indicated. Finally, pa-
tients who are on maximal medical therapy but are continuing
to have severe symptoms of bleeding, pain, or malabsorption
may benefit from resection of the diseased segment.

Small intestinal or ileocolic stenotic disease is treated by
resection with primary anastomosis. Only grossly involved in-
testine should be resected because wide resection or micro-
scopically negative margins of resection have no impact on the
recurrence rate of disease.57 Stricturoplasty should be consid-
ered for strictures widely separated by normal bowel and when
multiple previous bowel resections have been performed.

Patients who present with fistulizing disease with either
established fistulas or undrained sepsis require the greatest
amount of judgment and caution. The surgical inclination is
to operate urgently. However, percutaneous drainage, TPN,
and bowel rest control sepsis and allows the inflammation of
the uninvolved bowel and surrounding structures to resolve.

For isolated Crohn’s colitis, a total proctocolectomy with
ileostomy or total abdominal colectomy with ileorectal 
anastomosis or ileostomy and rectal stump are the primary
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TABLE 23.1. Comparison of Ulcerative Colitis and Crohn’s Colitis

Manifestation Ulcerative colitis Crohn’s colitis

Clinical Features
Bleeding per rectum 3� 1�

Diarrhea 3� 3�

Abdominal pain 1� 3�
Especially with involvement

of ileum
Vomiting R 3�

Fever R 2�

Palpable abdominal mass R 2�

Weight loss � 3�

Clubbing R 1�

Rectal involvement 4� 1�

Small bowel involvement 0 4�

Anal and perianal involvement R 4�

Risk of carcinoma 1� 1�

Clinical course Relapses/remission Slowly progressive

Radiologic
Thumb printing sign on R 1�

barium enema

Endoscopic
Distribution Symmetric Asymmetric
Continuous involvement 4� 1�

Rectal 4� 1�

Vascular architecture Absent 1�

Friability 4� 1�

Erythema 3� 1�

Spontaneous petechiae 2� R
Profuse bleeding 1� R
Aphthous ulcer 0 4�

Serpiginous ulcer R 4�

Deep longitudinal ulcer 0 4�

Cobblestoning 0 4�

Mucosa surrounding ulcer Abnormal �Normal
Pseudopolyps 2� 2�

Bridging R 1�

Gross Appearance
Thickened bowel wall 0 4�

Shortening of bowel 2� R
Fat creeping onto serosa 0 4�

Segmental involvement 0 4�

Aphthous ulcer R 4�

Linear ulcer 0 4�

Microscopic Picture
Depth of involvement Mucosa and submucosa Full thickness
Lymphoid aggregation 0 4�

Sarcoid-type granuloma 0 4�

Fissuring 0 2�

Goblet cell mucin depletion 4� 1�

Intramural sinuses 0 1�

Operative Treatment
Total proctocolectomy Excellent option in Indicated in total large bowel

selected patients involvement
Segmental resection R Frequent
Ileal pouch procedure “Gold standard” Contraindicated

(continued )



therapies. The choice of operations is dependent on the ex-
tent of disease in the rectum and anus and the overall health
of the patient. Segmental colon resections for Crohn’s disease
are usually not recommended.

Perianal complications of Crohn’s disease are common,
and surgical management controversial. Liberal placement of
drainage catheters and noncutting Setons, advancement flap
closure of perineal fistulas, and selective construction of di-
verting stomas have good results when combined with opti-

mal medical therapy to induce remission of inflammation.
Protectomy, which is infrequently required, can often be post-
poned for several years when complementary surgical and
medical treatments are provided. As with Crohn’s disease
proximally, palliation of symptoms and preservation of func-
tional bowel are the priorities guiding surgical intervention.
Likewise, the aim of therapy is the treatment of complica-
tions of disease rather than the disease itself. Two mandates
clarify these principles with respect to perianal disease: (1)
the management of a septic focus is an indication for surgery,
and (2) the sphincter should be preserved so long as the pa-
tient is coping well.

When treating perirectal or perianal abscesses in the
Crohn’s patient, we prefer catheter drainage to standard open
incision and drainage, as this avoids the large incision and pro-
longed healing that are often required. Fistulotomy, which is
the standard treatment for fistulas associated with cryptog-
landular abscesses, is also the first-line treatment for superfi-
cial Crohn’s fistula-in-ano.58,59 The cutting Seton is associated
with an unacceptable incontinence rate and should be avoided.
The purpose of a noncutting Seton is to maintain a patent ex-
ternal opening to the fistulous tract and thereby control local
sepsis in the patient who has recurrent abscesses. With free
drainage of the tract, no abscess forms. The internal opening
of the fistula persists because of Crohn’s disease activity, and
it will not close until medical therapy induces remission. The
Seton can be safely removed or exchanged at that time.

The rectal mucosal advancement flap is the optimal op-
eration for management of rectovaginal and anterior perineal
fistulas as well as perineal fistulas refractory to other ther-
apy.58 In the male patient, an anourethral or rectourethral fis-
tula can similarly be closed with an advancement flap after
diagnostic urethroscopy and proctoscopy have been performed.

The creation of a diverting ileostomy or colostomy is 
typically unsuccessful when used alone to address perineal
Crohn’s disease. However, temporary diversion combined
with (1) control of perineal sepsis, (2) advancement flap repair
of fistulas, and (3) maximal medical therapy may allow
sphincter preservation for 10 to 15 years.60 In those patients
who fail to have control of perianal disease with combination
therapy, diverting ileostomy or colostomy can be regarded as
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TABLE 23.2. Indications for Surgical Treatment of Crohn’s Disease.

• Failure of medical treatment
➤ Persistence of symptoms despite corticosteroid therapy for

longer than six months
➤ Recurrence of symptoms when high-dose corticosteroids 

tapered
➤ Worsening symptoms or new onset of complications with

maximal medical therapy
➤ Occurrence of steroid-induced complications (Cushingoid 

features, cataracts, glaucoma, systemic hypertension, aseptic
necrosis of the head of the femur, myopathy, or vertebral
body fractures

• Obstruction
➤ Intestinal obstruction (partial or complete)

• Septic complications
➤ Inflammatory mass or abscess (intraabdominal, pelvic, 

perineal)
➤ Fistula if

— Drainage causes personal embarrassment (e.g. entero-
cutaneous, enterovaginal fistula, fistula-in-ano)

— Fistula communicates with the genito-urinary system 
(e.g. entero- or colo-vesical fistula)

— Fistula produces functional or anatomic bypass of a major
segment of intestine with consequent malabsorption
and/or profuse diarrhea (e.g., duodenocolic or entero-
rectosigmoid fistula)

— Free perforation
• Hemorrhage
• Carcinoma
• Growth retardation
• Fulminant colitis with or without toxic megacolon

Source: Reprinted with permission from Operative Strategies in Inflammatory
Bowel Disease, Michelassi and Milsom, Editors. ©1999 Springer-Verlag, New
York, Inc.

TABLE 23.1. (continued )

Manifestation Ulcerative colitis Crohn’s colitis

Prognosis
Recurrence after total 0 3�

proctocolectomy

Complications
Internal fistula R 4�

Intestinal obstruction 0 4�
(stricture or infection)

Hemorrhage 1� 1�

Sclerosing cholangitis 1� R
Cholelithiasis 0 2�

Nephrolithiasis 0 2�

R, rare; 0, not found; 1�, may be present; 2�, common; 3�, usual finding; 4�, characteristic (not necessarily com-
mon).

Source: From Nivatvongs S. The colon, rectum, and anal canal. In: James EC, Corry RJ, Perry JF Jr, eds. Basic Surgi-
cal Practice. Philadelphia: Hanley & Belfus, 1987:325; Ogorek CP, Fisher RS. Differentiation between Crohn’s disease
and ulcerative colitis. Med Clin North Am 1994;78;1249–1258.



a staging procedure; patients have the opportunity to live with
a stoma and prepare psychologically for protectomy.

Skin tags in Crohn’s perineal disease have been described
as “pseudo-skin tags” because they are usually inflamed skin
between fissures and ulcers rather than redundant skin, which
constitutes skin tags. Biopsy of these pseudo-skin tags can
show the presence of granulomas and can, therefore, be help-
ful in securing the diagnosis of Crohn’s disease. In general,
local skin care and control of diarrhea are the cornerstones of
treatment. Excision invites complications such as delayed
healing or chronic ulceration.61

Fissures that are off midline or are multiple may indicate
the presence of Crohn’s disease. However, because the major-
ity of Crohn’s-related fissures are on the midline, this diagno-
sis should be considered whenever a midline fissure fails to 
respond to conventional therapy.60 Although lateral sphinc-
terotomy is the standard operative treatment of routine anal
fissures, it is to be avoided in the setting of Crohn’s disease.

The anorectum that is stenosed as a result of inflamma-
tion but is still somewhat supple may be amenable to digital
dilation with one finger. More commonly, the stricture that
results from chronic inflammation is rigid and unyielding.
Such strictures are unresponsive to dilation and are an indi-
cation for protectomy when symptomatic.

When hemorrhoids are coincident with Crohn’s disease,
operative interventions are associated with a high rate of com-
plications. Every effort should be made to avoid surgery.

Although the risk of developing squamous cell carcinoma
of the anus is not increased in the Crohn’s perineum, diag-
nosis may be delayed because of the presence of chronic in-
flammation. Failure of fissures to heal or persistence of
painful ulcers should prompt consideration for biopsy of the
lesion.62

Inflammatory Bowel Disease: Ulcerative Colitis

Ulcerative colitis (UC) is a mucosal inflammatory condition
of the gastrointestinal tract confined to the colon and rectum.
Like Crohn’s, it is considered a manifestation of inflamma-
tory bowel disease (IBD). Although the medical therapy is
similar for Crohn’s disease and ulcerative colitis, the surgi-
cal therapies for each differ greatly, and it is imperative that
a clear diagnosis is made whenever possible. The anatomical
location and microscopic pathology of the two diseases helps
to differentiate them. However, in about 15% of patients with
inflammatory bowel disease, a definitive diagnosis cannot be
made. These patients are diagnosed with indeterminate coli-
tis with features more consistent with ulcerative colitis 
or Crohn’s but with elements suggestive of both diseases 
present on pathological evaluation. The treatment of these
patients is complicated and individualized in consultation
with a gastroenterologist, the patient, and the patient’s sup-
port system.

The incidence of ulcerative colitis ranges from 2 to 15 per
100,000 population and has remained relatively constant for
the past 20 years. Previously, the higher incidence appeared
to correlate with northern countries and more developed na-
tions, but the incidence in Asia has been increasing. The
prevalence of UC is 50 to 70 cases per 100,000 population per
year. There is a bimodal age distribution, with the peak in-
cidence occuring between 20 to 29 years of age and the sec-
ond peak at 60 to 70 years.63 No environmental or genetic

factors have been found that are directly implicated in this
disease, although smokers have a decreased incidence of UC
and a familial aggregation has been noted. Also, 20% to 30%
of patients with ulcerative colitis have another family mem-
ber with the disease.64,65 The etiology of inflammatory bowel
disease is unknown.

The clinical manifestations of ulcerative colitis vary with
the severity of the disease. Patients may have active disease
with intervening periods of quiescence. The most common
symptom of ulcerative colitis is bloody diarrhea. Patients
with mild disease may have occasional blood and mucus and
a moderate number of stools. Frequent, explosive diarrhea
with significant bleeding or discharge of mucus and pus man-
ifests more severe disease. Massive hemorrhage from ulcera-
tive colitis is rare. Severe disease may also be associated with
fever, abdominal pain, tenesmus, malaise, anemia, or weight
loss. Some may have fecal incontinence with severe disease
activity. Most patients present with mild to moderate disease
involving the rectum and a contiguous segment of the distal
colon. About 20% of patients present with pancolitis. The so-
called toxic “megacolon” is a presentation of fulminant col-
itis with fever, abdominal pain, and leukocytosis that may or
may not be associated with radiographic evidence of colonic
dilatation. Patients may require emergent operation for per-
foration or resistance to medical therapy.

Physical examination findings are dependent on the sever-
ity of the disease. In mild cases, the examination may be nor-
mal. In more severe cases, patients may have abdominal dis-
tension and tenderness or localized peritoneal signs. Digital
rectal examination may reveal tenderness, and blood, mucus,
or pus in the rectal vault.

The diagnosis of ulcerative colitis is made endoscopically.
A sigmoidoscopy may be diagnostic and colonoscopy haz-
ardous (perforation) when active disease is present. There may
be loss of the submucosal vascular pattern and edema with
mild disease, a granular, hyperemic, and friable mucosa with
moderate disease, and a deep-red, velvety appearance with
more active disease. A mucopurulent exudate may obscure
ulcerations. Pseudopolyps may also be seen. Assessment of
severity is important in choosing therapy and assessing end-
points.

Once the disease has become more quiescent, a colonos-
copy should be performed to determine the extent of the dis-
ease. Barium enema (BE) is useful to establish the extent of
bowel involved and, in long-standing disease, to reveal stric-
tures and foreshortening of the colon. There is a loss of haus-
trations, and a rigid pipe appearance develops as the colon
narrows and shortens. This test should not be performed in
the setting of acute disease because of the risk of perforation.
Strictures seen on BE should be considered malignant until
proven otherwise.

Surveillance by colonoscopy in ulcerative colitis is im-
portant because of the increased risk of colorectal dysplasia
and carcinoma. Patients at higher risk are those with colitis
proximal to the splenic flexure and those with long-standing
disease, at least 8 to 10 years.66–70 Patients with ulcerative
proctitis are not at increased risk for developing cancer. Other
factors correlated with the risk of cancer are a positive fam-
ily history of colorectal cancer and the presence of primary
sclerosing cholangitis.71,72 The incidence of colorectal cancer
in ulcerative colitis73,74 is estimated to be approximately
0.5% to 1.0% per year after 8 to 10 years of disease.75,76 For
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surveillance of these patients, dysplasia is used as a prema-
lignant marker for carcinoma. As a result, the current rec-
ommendations are for patients with pan-colitis to undergo
colonoscopy every 1 to 2 years after the eighth year of dis-
ease and yearly after the fifteenth year. Biopsies should be
taken at 10-cm intervals, resulting in a total of at least 30
biopsies. Pathological studies have confirmed that up to 33
biopsies may be required to have a 90% chance of detecting
dysplasia.77 In patients with left-sided colitis, yearly colonos-
copy should be performed after the fifteenth year. Similar
biopsies should be obtained as for pan-colitis.

The extraintestinal manifestations of ulcerative colitis
(UC) are similar to those of Crohn’s disease with the excep-
tion of hepatobiliary complications, which are more common
and can be quite severe. Primary sclerosing cholangitis (PSC)
is uncommon with Crohn’s disease and occurs in 7.5% of pa-
tients with UC. Most patients are men under 40. Hepatobil-
iary symptoms may precede intestinal manifestations by as
much as 7 years.78 Treatment of the colonic disease with to-
tal proctocolectomy does not affect the clinical course of PSC
but may reverse the fatty infiltration and liver function ab-
normalities seen with UC.79

Other manifestations of ulcerative colitis include in-
volvement of the skin, eyes, and joints. Patients with ulcer-
ative colitis have also been noted to have a higher risk of
thromboembolic disease and vasculitis. The most significant
extracolonic manifestation that can be reversed with surgical
therapy is malnutrition and, in younger patients, growth 
retardation.

Ulcerative colitis is a disease of the mucosa and submu-
cosa. It starts in the rectum and extends proximally to in-
clude a variable amount of colon. The pathological charac-
teristics vary depending on disease state (acute or chronic),
severity, and presence of complications. Generally, the outer
wall of the colon will look completely normal or the serosa
may have dilated blood vessels. However, in chronic cases,
the bowel may be foreshortened secondary to a thickening
and contraction of the muscularis mucosae. The mesentery
remains normal, unlike the thickened mesocolon of Crohn’s
disease. The mucosa may be erythematous, thickened, fri-
able, or granular and can have ulcerations, superficial fissures,
or pseudopolyps. A mucopurulent exudate may be present on
the mucosa. The mucosal inflammation always starts in the
rectum and is continuous. If “skip lesions” with intervening
normal mucosa are seen, Crohn’s disease should be suspected.
In about 10% of patients with pancolitis, the distal ileum may
appear inflamed and ulcerated. This finding is secondary to
reflux of colonic contents through the ileocecal valve and is
termed backwash ileitis. It should not be confused with
Crohn’s disease, as this inflammation generally is contiguous
with the rest of the inflammation of the colon.

Microscopic characteristics include the presence of poly-
morphonuclear leukocytes (PMN) in the epithelium of the
crypts of Lieberkuhn forming crypt abscesses. Progression of
the disease leads to coalescence of these crypts into broad-
based ulcers eroding the mucosa. The residual normal mu-
cosa that remains at the borders of these crypt abscesses is
what projects into the lumen as a “pseudopolyp.”

MEDICAL THERAPY

The medical therapy for ulcerative colitis overlaps signifi-
cantly with those therapies used for Crohn’s disease.

Sulfasalazine (Azulfidine) was the first drug developed for
the treatment of ulcerative colitis. Sulfasalazine is a sul-
fapyridine linked to 5-aminosalicylic acid (5-ASA) by an azo
bond. Sulfasalazine is cleaved in the colon making the active
5-ASA component available to act on the large intestine. A
dosage of 4 g/day can reduce the relapse rate at 1 year from
70% to 9%.80 Mesalamine (unbound 5-ASA) is absorbed in
the small intestine and is not effective in ulcerative colitis.
Preparations to delay the release of 5-ASA in the intestinal
tract with resin, Asacol, or slow-release microspheres regu-
lated by pH, Pentasa, are available. Other sulfa-free amino-
salicylates, Olsalazine, two 5-ASA linked by an azo bond, and
Balsalazide, 5-ASA linked to an inert carrier molecule, have
been developed. Both drugs have shown benefit in maintain-
ing remission of ulcerative colitis.81,82 Rowasa is a topical en-
ema preparation of 5-ASA useful in the treatment of ulcera-
tive proctitis. Topical preparations, used in conjunction with
oral therapy, have been found to be more effective in main-
taining remission than oral agents alone.83

For patients with moderate or severe exacerbations of ul-
cerative colitis, steroids exert an antiinflammatory effect.
However, they do not help to maintain remission and are
detrimental when used long term.

As increasing evidence points to an immunological etiol-
ogy of inflammatory bowel disease, efforts have been made
to utilize various immunotherapies. The most commonly
used drugs are azathioprine and its metabolite, 6-mercaptop-
urine, antimetabolites that inhibit DNA synthesis. Other ef-
fective drugs include cyclosporine and tacrolimus.

SURGICAL THERAPY

According to longitudinal studies, approximately 30% of all
patients with ulcerative colitis ultimately have surgery.
Within the first year of diagnosis, 10% require operative in-
tervention, and the colectomy rate then is about 3% per year
for the next 4 years and 1% per year thereafter.84 The surgi-
cal treatment of ulcerative colitis involves removing the
colon and, in most cases, the rectum. Segmental colectomies
have a limited role in ulcerative colitis as the entire colon is
at risk for subsequent problems. The indications for surgery
depend on the severity and duration of the patient’s disease.
For patients with active disease, emergency operation may be
indicated for fulminant colitis unresponsive to medical ther-
apy with bleeding, perforation, or toxic colitis. In these situ-
ations, the safest procedure is a total abdominal colectomy
with end ileostomy, leaving the rectum in place. This allows
an extremely ill patient to undergo a shorter, less complicated
procedure that does not prevent a subsequent restorative pro-
cedure. It is the preferred operation for those who require
emergent surgery, or are debilitated, malnourished, or re-
ceiving excessive doses of steroids or immunosuppressive
agents.

For patients with chronic active or quiescent disease, the
indications for surgery include an inability to wean from
steroids, extracolonic manifestations that may respond to
colectomy, and the presence of dysplasia or carcinoma on
colonoscopy for screening. Children with UC may require
surgery to treat delayed growth and maturation secondary to
medical therapy or malnutrition. For these patients, a num-
ber of surgical options may be entertained; these include to-
tal proctocolectomy with end ileostomy, continent ileostomy
or ileal pouch–anal anastomosis, and total abdominal colec-
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tomy with ileorectal anastomosis. In a majority of situations,
a total proctocolectomy is performed because the disease in
the rectum is severe enough to warrant excision.

Total proctocolectomy with end ileostomy was the gold
standard procedure with the lowest morbidity and mortality.
Unfortunately, it relegates patients to a permanent ileostomy
and has largely been replaced by ileal pouch procedures. The
advantage of a standard proctocolectomy is that all the disease
is removed. The disadvantage, however, is that the patient is
left with an “incontinent” end ileostomy that passes stool and
flatus in an uncontrolled fashion. To remedy this, various con-
tinence-restoring procedures have been performed.

The continent ileostomy allowed patients with ileosto-
mies to control elimination from the pouch by fashioning a
“nipple” that maintained continence. The patient empties the
pouch with a catheter and is not required to wear an appli-
ance. Unfortunately, this procedure has a high rate of early
and late complications and has been supplanted by the ileal
pouch–anal procedure.

The ileal pouch–anal anastomosis has become the stan-
dard operation for ulcerative colitis. The advantage of the pro-
cedure is that it allows the patient to void per anus, thus
avoiding a stoma. The disadvantage is that the procedure is
associated with significant morbidity and the risk of cancer
is not completely eliminated, as it is when a standard proc-
tocolectomy is performed. Contraindications to this proce-
dure are preoperative fecal incontinence, possibility of
Crohn’s disease, previous significant small-bowel resection,
and distal rectal cancer.

The issue of mucosectomy has been raised in relation to
the subsequent risk of carcinoma or disease in the retained
rectal mucosa. Studies have shown evidence of active disease
or even dysplasia in specimens of stripped anorectal mu-
cosa,85,86 leading some authors to argue that a mucosectomy
must always be performed. Others believe that the remnant
mucosa is transitional mucosa (cuboidal epithelium) and does
not represent true rectal mucosa at risk for malignancy or in-
flammation. Our preference is to perform a stapled anasto-
mosis within 1 to 1.5 cm of the dentate without a mu-
cosectomy and to recommend yearly surveillance with
anoscopy and digital exam of the residual mucosa.

The mortality from this surgery is extremely low, less
than 1%, and is especially low when performed in an elec-
tive setting. In contrast, the morbidity is significant, even in
an experienced surgeon’s hands.87 Pelvic abscess and pouch
anastomotic leaks occur about 4% and 10% of the time. Uri-
nary retention and sexual dysfunction are related to injury or
disruption of the presacral nerves during rectal dissection.
These sequelae occur about 1% to 3% of the time.88,89 Late
complications include pouchitis, anal strictures, pouch fistu-
las, bleeding, and excessive stools with dehydration or in-
continence. A small number of patients may require pouch
excision or permanent ileostomy to treat these complications.

Diverticular Disease

Diverticular disease of the left colon is an acquired disease
effecting primarily Western cultures.90 The incidence in-
creases with age, with estimates of the incidence ranging from
5% in the fifth decade to 75% in the ninth decade of life.91,92

Neither sex is more clearly affected.91–95 The etiology is not
clearly understood but the most accepted hypothesis is that

diverticulosis occurs as a result of a highly refined, low-
residue diet.96

Although diverticulosis is common, complications re-
quiring surgery occur in only approximately 1% of patients
with the disease,97 30% of symptomatic patients,91,98 and
15% to 30% of those who require hospital admission.90,99

Hospital admission and recurrent attacks increase the likeli-
hood of significant complications and need for surgery.

Colonoscopy is preferred over barium enema in the ini-
tial workup of suspected diverticular disease because of its
superior sensitivity and specificity.100 However, colonoscopy
is less rewarding and more dangerous in the evaluation of
acute complications of perforated diverticular disease. In
these instances, CT scan of the abdomen and pelvis with in-
travenous, oral, and rectal contrast is the preferred test.

Fiber is the mainstay of the medical management of un-
complicated diverticulosis or mild diverticulitis. A high-fiber
diet is believed to reduce intracolonic pressures, presumably
eliminating the “cause” of diverticular disease. The fiber in-
creases stool bulk and water content, generating a softer
formed stool that requires the colon to generate less pressure
to pass the stool in a shorter time.101,102 Despite popular be-
liefs that dietary seeds may occlude a diverticulum, there is
no evidence to suggest that patients with diverticulosis
should avoid seeds.

Complications of colonic diverticula that may require sur-
gical consultation or intervention are hemorrhage and the
complications of perforation of a diverticulum, which include
chronic left lower quadrant pain, phlegmon, abscess, peri-
tonitis, fistula, and stricture. Hemorrhage occurs in up to 20%
of patients with diverticulosis. In 5%, the hemorrhage is mas-
sive.103 The source of the bleeding is generally right sided even
though diverticula are predominately present on the left.104,105

The majority of patients (70%–82%) stop bleeding, but 12%
to 30% continue to bleed and require intervention.103,105,106

The cause of the hemorrhage appears to be an erosion into the
vasa recta that courses along the diverticulum.107

Patients with gastrointestinal hemorrhage need to be
worked up and treated in a similar fashion no matter the
cause. Once resuscitation is under way, attention is directed
toward localization of the source. If the nasogastric tube and
proctosigmoidoscopic evaluation suggests a distal source, a
nuclear medicine test is the preferred first step. Bleeding at a
rate as low as 0.1 ml/min can be detected.108 Success in lo-
calization is operator dependent and varies widely between
institutions, but sensitivities as high as 97% and specificities
of 85% are reported from multiple centers.109–111 Most cen-
ters require this before angiography because of the higher sen-
sitivity of the nuclear medicine test compared to angiogra-
phy, 0.1 ml/min versus 0.5 to 1.0 ml/min.

Angiographic localization is attempted in those with a
positive nuclear medicine scan. This technique allows for
confirmation of location and therapeutic intervention105 with
either microembolization of a terminal arcade or pitressin in-
fusion via the catheter positioned in a distal branch.112 Both
techniques have a greater than 90% success rate.

Urgent colonoscopy after rapid bowel cleansing has been
successfully performed in select institutions with dedicated
teams as both a diagnostic and therapeutic technique, but 
this has not gained wide acceptance despite excellent re-
sults.108,113,114 The indications for surgery and the choice of
operation remain controversial and require a good deal of clin-
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ical judgment. Efforts to localize the bleeding source are max-
imized to allow therapeutic intervention as mentioned and
to direct the segmental resection if a colectomy is necessary.
Urgent segmental colectomy is indicated after localization (1)
if the bleeding cannot be controlled with the aforementioned
nonoperative measures or (2) if blood products are limited or
unavailable while awaiting spontaneous cessation (Jehovah’s
Witness, or antibodies on cross match). “Blind” segmental
colectomy is not recommended because of the high recur-
rence rates and the difficulty in managing patients with post-
operative hemorrhage. “Blind” total colectomy may be nec-
essary when there is massive hemorrhage and the lesion
cannot be localized preoperatively or with intraoperative
techniques (enteroscopy/colonoscopy). An algorithm for
treatment of lower gastrointestinal hemorrhage is presented
in Fig. 23.4. 

Diverticulitis develops when a diverticulum ruptures. In
most cases the perforation is microscopic, causing localized in-
flammation in the colonic wall or paracolic tissues. In more se-
vere cases an abscess may form, or the diverticulum may freely
rupture into the peritoneal cavity, causing generalized peri-
tonitis. The average age at presentation is the early sixties; more
than 90% of cases occur after 50 years of age. Fifty percent to
90% of cases in the United States occur in the left colon, 
particularly the sigmoid. However, among the Asian popula-
tion, up to 75% right-sided disease has been reported.115–117

Fifty percent of patients have been symptomatic for less than
1 month before presentation; the duration of symptoms is in-
versely correlated with the severity of disease.

Patients with acute diverticulitis typically present with
the gradual onset of left lower quadrant pain and low-grade
fever. The pain is constant and does not radiate. The local-
ized inflammatory process may lead to irritation of the con-
tiguous small bowel, colon, and bladder, which may cause
anorexia, nausea, vomiting, diarrhea, constipation, dysuria,
frequency, or urgency. On physical examination, tenderness
to palpation is usually present in the left lower quadrant or
suprapubic region. A mass suggestive of a peridiverticular ab-
scess or phlegmon may also be palpable. Rectal examination
may reveal a boggy mass anteriorly if a pelvic abscess is pre-
sent. Unlike diverticulosis, acute diverticulitis is usually not
associated with hemorrhage, but 30% to 40% of cases have
guaiac-positive stool. Pneumaturia or fecaluria suggest the
presence of a colovesical fistula.

The clinical presentation is often sufficient to establish
the diagnosis. Laboratory studies are nonspecific and fre-
quently unrevealing. Leukocytosis may be absent in up to half
of cases. Urinalysis may be abnormal with microscopic pyuria
or hematuria. In elderly or immunocompromised patients, the
presentation may be subtle, and immunocompromised pa-
tients are more likely to have complications of diverticulitis.
The differential diagnosis is listed in Table 23.3.

Plain film abdominal series including an upright chest X-
ray should be obtained to rule out free intraperitoneal air or
lower lobe pneumonia. These studies may be normal or may
demonstrate a distal large-bowel obstruction, localized ileus,
or extracolonic air. Computed tomography with i.v., oral, and
rectal contrast is the study of choice.118 It is superior to bar-

COLON,  RECTUM, AND ANUS 2 9 1

FIGURE 23.4.  Algorithm for treatment of colonic hemorrhage.



ium enema in that it can directly demonstrate extraluminal
complications of the disease such as abscess, phlegmon, free
intraperitoneal air, or colovesical fistula and allows for ther-
apeutic intervention with percutaneous drainage.

Interval contrast enema studies may be helpful in estab-
lishing the diagnosis in patients with mild disease and in rul-
ing out adenocarcinoma of the proximal bowel when colon-
oscopy is incomplete. Barium should be avoided in the acute
setting because of the risk of extravasation into the peri-
toneum, peritonitis, and vascular collapse. If an urgent con-
trast study must be done, water-soluble agents may be used.

Endoscopy is generally contraindicated in the setting of
acute diverticulitis. It is hazardous and may aggravate a free
perforation or convert a controlled perforation to a free per-
foration. Further, it is often difficult to visualize the involved
segment as inflammation renders the bowel impassable and
the patient experiences pain as the lesion is approached.

Mild cases of acute diverticulitis in immunocompetent pa-
tients can be managed on an outpatient basis with clear liq-
uids and oral antibiotics.115,119 Ideal patients for outpatient
management are those who are able to tolerate a diet, have no
systemic symptoms or peritoneal signs, and are reliable with
a reliable family. Immunocompromise, steroid therapy, and
advanced age are contraindications to outpatient therapy. 

If outpatient therapy is elected, patients need to watch for
systemic signs or progression of symptoms, and should be in-
structed to return if these develop. Follow-up with the treat-
ing physician must occur within 48 to 72 h after presenta-
tion. Patients in whom any of the foregoing criteria are not
met should be admitted to the hospital for total bowel rest,
intravenous antibiotics for gram-negative organisms and
anaerobes, serial exams, and further evaluation as indicated.

CT should be ordered liberally in patients with moderate
or severe disease, in the immunocompromised patient, and
in patients in whom the diagnosis is unclear. If the patient
worsens under observation or does not improve over 48 h, as
occurs in 10% to 25% of patients, then reassessment is
needed. Imaging with triple-contrast CT, if not already per-
formed, to detect an unsuspected abscess is acceptable. Oth-
erwise, immediate surgical exploration is indicated. Of the
patients having emergency surgery, 70% have no antecedent
history of diverticulitis.

Abscess or phlegmon is the most common complication

of acute diverticulitis, and may occur in the mesocolon, ab-
domen, pelvis, retroperitoneum, buttocks, or scrotum. The
location and size of the abscess dictate the clinical presenta-
tion and management. Small intramesenteric abscesses may
resolve with conservative therapy, whereas large intraab-
dominal abscesses may mandate surgical intervention or per-
cutaneous drainage by interventional radiology.115,120

Purulent or fecal peritonitis may develop secondary to
rupture of a contained abscess or free perforation of a diver-
ticulum. Most present with an acute abdomen and some de-
gree of septic shock. Aggressive intravenous resuscitation, an-
tibiotics, and surgery are recommended for patients who
present in this fashion. They are explored urgently, and a re-
section with descending colostomy and oversewing of the rec-
tal stump is performed in all but the sickest patients.115,121

The reported mortality rates for purulent and fecal peritoni-
tis are 6% and 35%, respectively.115

Fistulas develop in only 2% of patients with diverticulitis,
but fistula is the indication for surgery in 20% of those un-
dergoing surgery for diverticulitis and its associated complica-
tions. Eight percent have multiple fistulas.115 The incidence is
greater in men than in women presumably because the uterus
separates the colon from the bladder, and the uterus, being a
thick muscular structure, is resistant to fistula formation. Most
women who develop fistulas have had a prior hysterectomy,
but colouterine and colosalpingo fistulas have been reported.
Colocutaneous fistulas generally develop in the postoperative
setting as an anastomotic complication.115

A thorough preoperative evaluation including abdomi-
nal–pelvic CT and colonoscopy to rule out colonic malig-
nancy at the site of the fistula or in the proximal colon is sug-
gested. Patients may be prepared for a completely elective
procedure after an interval suitable to allow the acute in-
flammation to resolve. A colectomy with primary anasto-
mosis should be anticipated.

Diverticulitis is the cause of approximately 10% of all
large-bowel obstruction.115 The obstruction is usually partial,
with complete obstruction occurring rarely. The obstruction
is secondary to edema, spasm, and chronic inflammatory
changes.

The indications for surgery for diverticulitis are recurrent
attacks, a severe attack, and age less than 50 years, the im-
munocompromised state, a severe complication of perfora-
tion such as significant phlegmon/abscess, peritonitis, fistula,
or stricture. The goals of surgical therapy are to minimize
morbidity and mortality, remove the septic focus and diseased
colon, avoid or at least minimize the risks of a second oper-
ation, and convert an emergent situation to an urgent or elec-
tive operation. These goals should guide the surgeon both pre-
and intraoperatively.

Patients are best managed by resection of the diseased
bowel with or without primary anastamosis. In the rare cir-
cumstance when the disease obliterates the pelvic space or
the patient or operating team are unable to proceed, drainage
and diversion are acceptable despite the high morbidity and
mortality associated with this procedure.122,123

Infectious Colitides

Infections of the large bowel usually cause diarrhea and can
produce fever or abdominal pain. Infectious colitis must be
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TABLE 23.3. Differential Diagnosis of Acute Diverticulitis.

Appendicitis
Carcinoma
Colonic spasm
Gastroenteritis
Infectious colitis
Ischemia
Irritable bowel
Inflammatory bowel disease
Pelvic inflammatory disease
Perforated peptic ulcer
Foreign body perforation
Volvulus
Urosepsis
Pneumonia



FIGURE 23.5.  Colonic specimen with the yellow-white “plaque-
like” membranes that led to the name pseudomembranous colitis.

differentiated from other etiologies of colitis. It is critical to
elicit a complete history from the patient including recent
travel, unusual ingestions suspect for food poisoning, similar
illnesses among family members, recent hospitalizations, and
treatment with antibiotics, sexual history, immunosuppres-
sion, and evidence of systemic disease. The pertinent posi-
tives of the history will help tailor the diagnostic workup. Pa-
tients often have physical signs of dehydration such as
decreased skin turgor, dry mucous membranes, tachycardia,
or hypotension. Additionally, the abdominal exam may re-
veal tenderness or local peritoneal signs. A rectal is done to
check for blood and tenderness.

The diagnostic workup includes testing for fecal leuko-
cytes, Clostridium difficile toxin, and stool cultures for bac-
teria, ova, and parasites. Endoscopic evaluation may be 
useful in patients who require biopsy for diagnosis.124 Occa-
sionally, radiographic imaging is necessary to assess the de-
gree of colonic involvement and to look for evidence of necro-
sis or perforation. Once the source of colitis is found, the
treatment depends on the severity of the patient’s illness and
the need for supportive care and antibiotics. Certain infec-
tions can result in fulminant colitis that is refractory to med-
ical treatment and requires surgery.

CLOSTRIDIUM DIFFICILE

Diarrhea that develops during antibiotic administration may
be related to a change in the bacterial flora of the colon. This
resolves spontaneously after cessation of therapy. However,
a minority of patients on antibiotics will have a prolifera-
tion125 of the toxin-producing strains of C. difficile, a gram-
positive, anaerobic organism. The toxins produce mucosal
damage and inflammation. Although clindamycin was con-
sidered to be the primary culprit in producing this disease,126

it is now known that any antibiotic can produce this colitis.
Humans can transmit the organism in hospitals and nursing
homes via an oral–fecal route.

Patients present with watery diarrhea, fever, and leuko-
cytosis. Abdominal pain and tenderness are also common.
Some patients develop toxic megacolon. Symptoms can oc-
cur both during antibiotic administration or weeks to months
after cessation of treatment. The diagnosis is made by rapid
immunoassays that test for antigens or toxins in the stool.127

On endoscopic exam the mucosa can look inflamed or de-
velop plaque-like membranes, which is why it has been called
“pseudomembranous” colitis (Fig. 23.5). Fecal leukocytes, al-
though not specific for C. difficile colitis, are present about
50% of the time.

The mainstay of therapy involves cessation of the antibi-
otics previously administered if the patient is still under treat-
ment. Additionally, oral vancomycin and metronidazole are
very effective against C. difficile. For those patients unable
to tolerate an oral dose because of abdominal surgery or ileus,
intravenous metronidazole is effective, with bactericidal lev-
els of the drug in the stool. Vancomycin is only effective if
delivered orally.128

Antidiarrheal agents should be avoided. Cholestyramine
and colestipol are anion-exchange binding resins that can bind
toxin but will also bind antibiotic. Therefore, they are gen-
erally effective for patients with mild colitis only. Patients
who develop toxic megacolon may require emergent surgical
therapy. The mortality rate with emergent surgery is reported
to be about 24% to 43%.129

BACTERIAL COLITIS

Patients with bacterial colitis develop these infections from a
fecal–oral route. Most patients have self-limiting infections and
require only supportive care and rehydration. However, a mi-
nority of these patients develop toxic megacolon, bleeding, or
perforation that requires surgery with an associated high mor-
bidity and mortality. The most common causative organisms
are Shigella, Campylobacter, Salmonella, and Escheria (E. coli).

PROTOZOAL COLITIDES

ENTAMOEBA HISTOLYTICA

E. histolytica is a water-borne organism that is transmitted
by contaminated food or water. Many patients are asympto-
matic but the classic presentation includes chronic inter-
mittent diarrhea, abdominal pain, weight loss, and flatulence.
Examination of the stool and identification of cysts or tropho-
zoites confirms the diagnosis. Metronidazole is the treatment
of choice.

GIARDIA

This organism comes from contaminated drinking water and
is very common in the western United States and eastern 
Europe. Patients present with frequent diarrhea, mucus, steat-
orrhea, bloating, weight loss, and fatigue. Checking the stool
for ova and parasites provides the diagnosis. As the diagnosis
is sometimes difficult to make, patients are treated with
metronidazole empirically when the disease is suspected.

CRYPTOSPORIDIUM PARVUM

Cryptosporidiosis is a common cause of diarrhea in im-
munosuppressed patients and health care workers. Patients
present with fever, abdominal pain, and watery diarrhea.
Colonic biopsy or acid-fast staining of the stool will reveal
oocysts. The disease is self-limiting, lasting about 2 weeks.
The treatment is supportive with rehydration. No medication
is known to be effective.

VIRAL COLITIDES

CYTOMEGALOVIRUS

Immunocompromised patients frequently develop cytomega-
lovirus infections. Patients present with fever, abdominal
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pain, and weight loss. The stools are usually watery, but they
can also be bloody. Diagnosis is made by tissue biopsy show-
ing intranuclear viral inclusions. Treatment includes sup-
portive care and the use of antiviral agents such as ganciclovir
(DHPG) or foscarnet.

HERPES SIMPLEX VIRUS

HSV causes similar symptoms as CMV in this population.
Patients are treated with acyclovir and require the same sup-
portive care.

Ischemic Colitis

Ischemic colitis is the most common form of intestinal is-
chemia. It is thought to affect “watershed” areas of the colon
where two blood supplies may incompletely overlap; that is,
the splenic flexure supplied by the left branch of the middle
colic (SMA origin) and the ascending left colic (IMA origin).
It may result from vascular occlusion or a low flow state. The
severity of injury appears to be related to multiple factors in-
cluding duration of ischemia, vessel caliber, acuity of is-
chemia onset, collateral circulation, and virulence of intesti-
nal bacteria.130

Patients are often elderly, debilitated patients in the in-
tensive care unit with multiple medical problems in which
an inciting event is difficult to determine. The onset may be
insidious, not recognized, or attributed to the medical co-
morbidities. The outcome depends as much on the re-
versibility of these comorbidities as it does on factors such
as severity of disease and rapidity of disease onset. Onset of
acute colonic ischemia is heralded by the sudden onset of
cramping abdominal pain. This may be associated with
bloody diarrhea, fever, abdominal distension, anorexia, nau-
sea, or vomiting. Physical exam may reveal abdominal dis-
tension and tenderness, particularly over the involved seg-
ment. In the gangrenous form, an abdominal catastrophe may
be apparent with septic shock.131

Ischemic colitis is classified by the degree of colonic in-
jury.132 The three stages include transient ischemia, ischemic
stricture, and gangrenous colitis. The majority of cases are
transient and reversible, with fewer than 5% with infarc-
tion.133 In the transient form, the injury is localized primar-
ily to the mucosa and submucosa. Superficial sloughing of
the mucosa, submucosal hemorrhage, and edema generally
resolve within 1 to 2 weeks without permanent sequelae. An
ischemic stricture may develop if the injury extends beyond
the submucosa into the muscular layers and healing with fi-
brosis results in compromise of the lumen. Gangrenous is-
chemic colitis is full thickness and represents a surgical emer-
gency. On initial presentation these three subgroups cannot
be distinguished unless the patient presents in extremis
where gangrene would be clearly suspected.

The workup of patients with suspected ischemic colitis
should be focused on resuscitation and correction of the un-
derlying medical conditions. Plain films of the abdomen may
reveal the classic findings of “thumbprinting” of the bowel
wall caused by the submucosal hemorrhages. Free air, pneu-
matosis, or portal venous gases all suggest gangrenous bowel
and mandate emergent exploration. CT scans may reveal non-
specific findings such as thickened loops of bowel but may
also demonstrate associated occlusion of the IMA and un-
suspected vascular disease. Most abnormal laboratory values

are nonspecific and occur late after the patient has declared
clinically. Colonoscopy is the preferred diagnostic test.

The differential diagnosis includes vascular catastrophes
involving the remainder of the gastrointestinal tract, bowel
obstruction or perforation, peptic ulcer disease, volvulus, in-
fectious colitis, pseudomembranous colitis, diverticulitis, and
inflammatory bowel disease.134

The initial management of ischemic colitis is bowel rest,
intravenous hydration, and intravenous antibiotics. Underly-
ing medical conditions must be optimized and confounding
medications discontinued when possible. Serial exams are
mandatory. As noted above, most ischemic colitis resolves
without long-term sequelae. Patients resume a diet when
their pain, abdominal tenderness, and ileus resolve.

If the patient presents with an acute abdomen, worsens
or fails to improve on maximal medical therapy, or develops
refractory hemorrhage, surgery is indicated. At surgery, wide
resection of all nonviable bowel should be carried out. An
anastomosis is created or a stoma and mucous fistula or over-
sewing of the distal stump is performed. A second-look op-
eration at 24 to 48 h may be indicated if there is concern for
ongoing ischemia. Late stricture formation, if symptomatic,
is an indication for segmental colectomy.

The prognosis for ischemic colitis is dependent on the
medical comorbidities.133,135 Overall, roughly 90% of the pa-
tients recover and less than 5% progress to bowel infarc-
tion.133 However, with disease that mandates surgery, mor-
tality is significantly increased and ranges from 29% to
88%.133,135–138

Volvulus

Intestinal volvulus is a closed-loop obstruction of the bowel re-
sulting from an axial twist of the intestine upon its mesentery
of at least 180°; this results in luminal obstruction and pro-
gressive strangulation of the blood supply. Early diagnosis and
treatment of volvulus is important to avoid intestinal ischemia
or gangrene that can lead to a high morbidity and mortality.

The incidence of colonic volvulus varies based on geo-
graphic and epidemiological factors. In some parts of the
world, sigmoid volvulus causes up to 50% to 85% of all bowel
obstructions. In the United States, however, it is responsible
for only 5% of all intestinal obstructions and 10% of colonic
obstructions.139 Sigmoid volvulus is the most common site
(61%), followed by cecum/right colon (34%) and transverse
colon (4%).139

Intestinal volvulus has been found to be associated with
conditions that may result in a chronically dilated or elon-
gated colon. Previous abdominal surgery, coarse high-fiber di-
ets, chronic constipation, Parkinson’s disease, neurological
disorders, Hirschsprung’s disease, diabetes, infectious and is-
chemic colitis, and pregnancy have all been implicated.140–148

Patients with sigmoid volvulus usually present with the
triad of abdominal pain, distension, and obstipation. Upon
questioning one will often elicit a history of previous attacks.
On exam, the abdomen will be dramatically distended, with
high-pitched bowel sounds and tympany to percussion. Min-
imal tenderness may be elicited in spite of this presentation.
Patients with gangrene may present with a more fulminant
picture of systemic illness and an acute abdomen. Interest-
ingly, no correlation has been found with the length of his-
tory and the presence of gangrene or mortality.149–151
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The diagnosis can be confirmed with a radiograph of the
abdomen, which will show an extremely dilated sigmoid
colon shaped as a “bent inner tube” with the apex extending
up to the right upper quadrant (Fig. 23.6). The ends of the loop
sit in the pelvis or left lower quadrant. There can be an
air–fluid level in the two sides of the loop at different levels
(“pair of scales”). Gastrografin enema will show a “birds
beak” or “ace of spades” at the point of the twist (Fig. 23.7).
When the plain films or enema are nondiagnostic (30%–40%),
CT scan can also be used; this will show a dilated sigmoid
loop around a “whirl sign,” mesenteric fat with engorged ves-
sels converging toward the center.

The goals of treatment are to untwist and decompress the
bowel before strangulation and to prevent recurrences. Those

patients admitted with signs of sepsis indicative of gan-
grenous bowel must be aggressively resuscitated and taken
emergently to the operating room. These patients will require
resection of the gangrenous colonic segment with a primary
anastomosis or colostomy and Hartman’s pouch. The mor-
tality in patients with gangrenous bowel ranges from 40% to
80%.152

When patients do not show signs of intestinal strangula-
tion, the initial treatment of choice of sigmoid volvulus is en-
doscopic decompression; this allows the volvulus to reduce
so that surgical treatment can be performed electively, after
a full mechanical bowel preparation, with lower morbidity
and mortality. Rigid sigmoidoscopy can reduce and decom-
press the bowel, evaluate the rectal and colonic mucosa, and
allow for the passage of a rectal tube to keep the bowel de-
compressed. The rectal tube should then be left in place for
at least 48 h. Endoscopic decompression is successful about
85% of the time.153–159 If the patient cannot be reduced en-
doscopically, strangulation should be suspected and emergent
laparotomy performed.

Although the mortality from this mode of therapy is low
(5%–8%), the recurrence rate is high (40%–70%).155,158,160,161

Therefore, once the patient is decompressed and can undergo a
bowel prep, the most effective treatment is sigmoid resection;
this results in a recurrence rate of less than 1% and a mortal-
ity of only 3%.155 Colopexy, mesosigmoidoplasty, and sigmoid-
ostomy tube placement have higher recurrence rates.140

Cecal volvulus is the second most common type of volvu-
lus, although it is the cause of only 1% of all intestinal 
obstructions. Most patients are younger and there is a pre-
dominance of women. Most patients present with symptoms 
of a small-bowel obstruction: nausea, vomiting, cramping 
abdominal pain, and distension. Abdominal plain films will
show a markedly dilated cecum (coffee bean); it can be any-
where in the abdomen but the “pelvis of the bean” will point
to the colon segment of origin. Thus, for a cecal volvulus, a
large air-filled “coffee bean” will occupy the abdomen and
the “pelvis of the bean” will be facing the right lower quad-
rant. Gastrografin study can reveal a birds beak and CT may
show a whirl sign.

These patients cannot be reduced endoscopically and re-
quire operation for definitive treatment. If the bowel is gan-
grenous, right hemicolectomy with ileostomy is the standard
treatment. The mortality of this procedure ranges from 22% to
40%.162,163 However, if no perforation is present and the pa-
tient is hemodynamically stable, then an ileocolectomy and pri-
mary anastomosis may be safely performed.162–164 Reduction of
the volvulus alone results in a high recurrence rate, 20%.165

Volvulus of the transverse colon and splenic flexure do
occur, although rarely. Generally the fixation of the trans-
verse colon by the hepatic and splenic flexure and the rela-
tively short mesocolon keep it in place. Anatomical and ac-
quired conditions can predispose patients to this problem.
Patients present with symptoms similar to a small-bowel ob-
struction. These cases are generally treated by endoscopic de-
compression, followed by resection or colopexy.166–169

Colonic Inertia

Colonic inertia and obstructed defecation (discussed later)
may lead to complaints of constipation. Constipation is a very
common condition, and most patients with complaints of in-
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FIGURE 23.6.  Classic sigmoid volvulus. Note that pelvis of kidney
bean–shaped volvulus points to origin of volvulus.

FIGURE 23.7.  Barium enema with “bird’s beak” deformity at site of
volvulus.



frequent or difficult bowel movements do not require exten-
sive workup after colorectal malignancy has been ruled out
with either colonoscopy or barium enema and sigmoidoscopy.
A thorough history often uncovers a change in diet, medica-
tion, or physical activity that is easily corrected. It will also
establish the patient’s definition of constipation. Patients and
physicians alike often confuse constipation with straining at
stool or firm bowel movements.170 Constipation is defined as
two bowel movements per week, or fewer than three per week
in women or five per week in men while on a high-fiber diet
(30 g dietary fiber/day).171,172 The nature of the complaint (in-
frequent bowel movements, firm bowel movements, or strain-
ing at stool) determines the tests required to establish the di-
agnosis. Prolonged or repeated straining at stool without
result or sense of incomplete evacuation or digital anal–peri-
anal maneuvers suggests a defecation disorder (discussed later
under pelvic floor dysfunction).

There are many causes of constipation including dietary
factors, daily routine, structural and functional disorders, ia-
trogenic causes, extracolonic neurological diseases, psychiatric
disorders, and endocrine diseases. These disorders are listed in
Table 23.4.

The initial management of the patient with constipation
is directed toward ruling out structural (colorectal malig-
nancy, stricture, volvulus) and systemic (hypothyroidism, dif-
fuse dysmotility disorders, scleroderma, diabetes) diseases.
Once these issues have been addressed, a trial of increased di-
etary fiber and water is instituted with resolution of symp-
toms in most patients. Should symptoms persist, evaluation
of colonic transit times and pelvic floor function are indi-
cated. Pelvic floor function is assessed with defecography and
anorectal manometry. If the patient has isolated colonic in-
ertia without evidence of pelvic floor dysfunction or proxi-

mal dysmotility, then a total abdominal colectomy with ileo-
rectal anastomosis may be considered in selected patients.
Rare (disabled or institutionalized) patients with colonic in-
ertia and either uncertain pelvic floor function or pelvic floor
dysfunction may benefit from creation of an end ileostomy
after total abdominal colectomy or total abdominal procto-
colectomy.

Malignant Diseases: 
Colorectal Polyps and Cancer

INCIDENCE

Colorectal cancer is the second leading cause of death by can-
cer in the United States (estimated at 15% of all malignan-
cies). It is the third leading cause of death from carcinoma in
men and women when analyzed by sex (lung and prostate,
and lung and breast, are first and second, respectively, in men
and women). Approximately 55,000 deaths and 134,000 new
cases are predicted for each year.

EPIDEMIOLOGY

The epidemiology of colorectal cancer shows a dramatic vari-
ation in disease incidence and mortality rates by country. In
general, countries of the Western world have the highest in-
cidence of colorectal cancer. There is an increased risk in ur-
ban populations when compared to rural populations.

AGE

Carcinoma of the large intestine is predominantly a disease
of older patients, with the peak incidence being in the sev-
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TABLE 23.4. Common Causes of Constipation.

Faulty Diets and Habits Neurologic Abnormalities (Outside Colon)
Inadequate bulk (fiber) Central nervous system (cerebral neoplasm, Parkinson’s disease)
Excessive ingestion of foods that harden stools (e.g., cheese) Trauma
Lack of exercise Spinal cord (neoplasm, multiple sclerosis)
Ignoring call to stool Defective innervation (resection of nervi erigentes)
Laxative abuse
Environmental changes (e.g., hospitalization, vacation) Psychiatric Disorders

Depression
Structural or Functional Disorders Psychoses
Colonic obstruction Anorexia nervosa

Neoplasm, volvulus, inflammation (diverticulitis),
ameboma, tuberculosis, syphilis, lymphogranuloma Iatrogenic Causes
venereum, ischemic colitis, anastomotic stricture, Medication (codeine, antidepressants, iron,
endometriosis, intussusception anticholinergics)

Diverticular disease Immobilization
Anorectal outlet obstruction

Anal obstruction (stenosis, fissure) Endocrine and Metabolic Causes
Rectocele Hypothyroidism
Rectal procidentia Hypercalcemia
Spastic pelvic floor syndrome (anismus) Pregnancy

Descending perineum syndrome Diabetes mellitus
Visceral neuropathy or myopathy Dehydration

Congenital aganglionosis (Hirschsprung’s disease) Hypokalemia
Acquired aganglionosis (Chagas’ disease) Uremia
Slow-transit constipation (colonic inertia) Pheochromocytoma
Megarectum (sometimes with megacolon) Hypopituitarism
Chronic intestinal pseudo-obstruction (Ogilvie’s Lead poisoning

syndrome) Porphyria
Irritable bowel syndrome (visceral hypersensitivity) Mucoviscidosis

Source: From Gordon and Nivatvongs,134 with permission.



enth decade. It has been estimated that only 5% of colorec-
tal carcinomas occur in patients younger than 40 years of age.

SITE

In the past 50 years there has been a shift in the location of
carcinomas from the rectum to the right colon. Reasons for
the shift are not entirely clear. As a consequence, screening
of large bowel should be directed at the entire colon rather
than being limited to the distal 25 cm of the large intestine.
As reported, 30% are located in the rectum, 28% in the sig-
moid, 9% in the descending colon, 11% in the transverse
colon, 9% in the ascending colon, and 13% in the cecum.173

FAMILY HISTORY

There is a twofold to fourfold increased incidence of colorec-
tal carcinomas in first-order relatives of patients who have
suffered from the disease.174

DIET

Diets low in animal fat and protein and high in cruciferous
fiber (whole grains, fruits, and vegetables) are protective.175,176

CHEMOPREVENTION

Numerous epidemiological studies point to a chemopreven-
tive effect of either aspirin or NSAIDs on the incidence 
of sporadic colorectal cancer.177,178 Nevertheless there is no
double-blind prospective study to prove these data. However,
a recent prospective randomized study179 showed the protec-
tive effect of calcium supplementation in the development of
recurrent colorectal adenomas.

INFLAMMATORY BOWEL DISEASE

There is an increased risk to develop colorectal cancer with
long-standing ulcerative colitis and Crohn’s disease. There is
an increased risk for cancer development with long-standing
ulcerative colitis of 3%, 5%, and 13% after 15, 20, and 25
years, respectively.180 The incidence for colorectal cancer in
Crohn’s patients is 4 to 20 times greater than in the general
population.181

GENETICS

Three major categories of genes have been implicated in the
development of colorectal cancer, namely oncogenes such as
K-ras, tumor suppressor genes such as APC, DCC, p53, and
MCC, and the mismatch repair genes hMSH2, hMLH1,
hPMS, and hPMS2 (Table 23.5).

SCREENING AND SURVEILLANCE

Cancer screening refers to the testing of a population of ap-
parently asymptomatic individuals to determine the risk of
developing colorectal cancer. Surveillance refers to the ongo-
ing monitoring of individuals who have an increased risk for
the development of a disease. Various screening and surveil-
lance modalities are available to detect colorectal cancers and
adenomatous polyps (Tables 23.6 and Table 23.7).

FECAL OCCULT BLOOD TESTING (FOBT)
Testing the stool for fecal occult blood was one of the first
tests used in colorectal cancer screening. The advantage of fe-
cal occult testing includes availability, convenience, good pa-
tient compliance, and low cost. Limitations include low sen-
sitivity and low specificity.182–184 However, we believe the
test is effective in reducing the mortality of colorectal ma-
lignancy and is cost-effective when compared to the cost of
treating an undetected malignancy.185 Further level I evidence
suggests that when the test is repeated annually after the age
of 50, as it should be, the sensitivity is improved and the ma-
lignancy is detected at an earlier stage than if no screening is
performed (Table 23.7).

FLEXIBLE SIGMOIDOSCOPY

The benefit of proctosigmoidoscopy in screening programs
has been suggested by several studies using the rigid sigmoi-
doscope.186,187 The advantage of the flexible sigmoidoscope
over the rigid is that the 60-cm flexible sigmoidoscope allows
the clinician to reach the descending colon or even the splenic
flexure, suggesting more polyps and carcinomas would be
identified with the flexible scope and the screening benefit
enhanced.188,189 Both rigid and flexible sigmoidoscopies are
inexpensive, require no conscious sedation, are relatively safe,
and afford direct visualization and biopsy of polyps and can-
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TABLE 23.5. Genes Commonly Altered in Colorectal Cancer.

Gene Chromosome Gene class Function Comment

APC 5q Tumor Adhesion and Mutated in FAP,
suppressor intercellular Gardner’s, and

communication Turcot’s
syndrome

DCC 18q Oncogene Cell-cell Tumor growth,
adhesion and invasion, and
interactions metastasis

P53 17p Tumor Transcription �50% colon
suppresor factor for genes cancers have p53

that inhibit tumor mutation
growth

K-ras 12p Oncogene Signal 50% of colon
transduction cancers have 

K-ras activity
hMSH2, 2p Mismatch repair Corrects DNA HNPCC
hMLH1, hPMS1, replication errors
hPMS2



cers. The disadvantage is the entire colon is not visualized
with either procedure and lesions may be missed in the prox-
imal bowel. Three case-controlled studies suggest rigid sig-
moidoscopy can effectively reduce the risk of death from sig-
moid and rectal cancer (Table 23.8).190–192 We believe flexible
sigmoidoscopy is a safe (fewer than 1–2 perforations per
10,000) screening tool that may be repeated every 5 years. If
adenomatous disease is found, full colonoscopy is recom-
mended.

BARIUM ENEMA

Barium enema combined with sigmoidoscopy allows for vi-
sualization of the entire colon and rectum. Single-contrast
barium enema is significantly less sensitive and specific than
double-contrast barium enema (DCBE) and should not be used
as a screening tool for colorectal malignancy. Double-contrast
barium enema has a sensitivity of 50% to 80% for polyps less
than 1 cm, 70% to 90% for polyps greater than 1 cm, and
55% to 85% for Dukes’ A and B carcinomas, suggesting most
clinically important lesions are detected with DCBE.193–195

COLONOSCOPY

Examination of the entire colon by colonoscopy is currently
recommended for patients with any benign neoplasm found
at the time of flexible sigmoidoscopy. When performed by
trained endoscopists, colonoscopy with polypectomy is a safe
procedure with a perforation incidence of 0.1%, a hemorrhage
incidence of 0.3%, a mortality of 0.01% to 0.03%, and the

cecum is visualized in up to 98.6% of patients.196–201 A DCBE
is required when the cecum is not reached. Table 23.9 sum-
marizes the risks and benefits of screening tests for colorec-
tal malignancy.

SIGNS AND SYMPTOMS

The presentation of large-bowel malignancy generally falls
into three categories; the most common presentation is that
of an insidious onset of chronic symptoms (77%–92%), fol-
lowed by obstruction (6%–16%) and perforation with local or
diffuse peritonitis (2%–7%).202–204

Bleeding is the most common symptom of colorectal ma-
lignancy.205 Unfortunately, patient and physician alike often
attribute the bleeding to hemorrhoids. Bleeding may be oc-
cult or it may be seen as stool that is black, maroon, dark
purple, or bright red depending on the location of the malig-
nancy. Occult bleeding may present with iron-deficiency ane-
mia and associated fatigue.

Change in bowel habits is the second most common com-
plaint, with patients noting either diarrhea or constipation.205

Constipation is more often associated with left-sided lesions
because the diameter of the colon is smaller and the stool is
more formed than on the right side. Patients may report a
gradual change in the caliber of the stool or may have diar-
rhea if the narrowing has progressed sufficiently to cause ob-
struction. Carcinomas of the right side of the colon do not
typically present with changes in bowel habits, but large
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TABLE 23.6. Patients Who Should Be Screened or in Surveillance Programs.

Screen Surveillance

Average risk & Average risk & Average risk &
symptoms: age �50 request screen Increased risk: Personal history

Change in bowel Family history of IBD, previous
habits, per anal CRC, adenomas in 1st adenomas, previous
bleeding, unclear degree relatives �60 CRC, genetic
abdominal pain, years old, genetic syndromes
unclear anemia family syndrome

(HNPCC, FAP)

TABLE 23.7.

Impact of FOBT on Mortality from Colorectal Malignancy.

Author Level of evidence n Design Result

Mandel347 I 46,551 Annual FOBT vs biennial Annual FOBT � 33%�mortality,
FOBT vs usual care biennial no �

Hardcastle348 I 152,850 Biennial FOBT vs usual Biennial FOBT � 15%�mortality
care

Kronborg349 I 61,933 Biennial FOBT vs usual Biennial FOBT � 18%�mortality
care

Winawer350 I 21,756 Annual FOBT plus rigid Annual FOBT � 43%�mortality over
sigmoidoscopy vs rigid sigmoidoscopy alone
annual rigid
sigmoidoscopy alone

Kewenter351 I 21,347 FOBT initial evaluation Mortality � pending but earlier stage
initial and and @ 16–24 months tumors
19,991 @
follow-up



amounts of mucus generated by a tumor may cause diarrhea,
and large right-sided lesions or lesions involving the ileoce-
cal valve may cause obstruction.

Abdominal pain is as common a presentation as change
in bowel habits.206 Left-sided obstructing lesions may present
with cramping abdominal pain, associated with nausea and
vomiting, and relieved with bowel movements. Right-sided
malignancies may result in vague pain that is difficult to lo-
calize. Rectal lesions may present with tenesmus, but pelvic
pain is generally associated with advanced disease after the
tumor has involved the sacral or sciatic nerves. Less common
symptoms include weight loss, malaise, fever, abdominal
mass, and symptoms of urinary tract involvement (frequency,
pneumaturia, and fecaluria). Bacteremia with Streptococcus
bovis is highly suggestive of colorectal malignancy.207,208

Acute onset of intestinal obstruction was the presenting
feature of 15% of about 23,500 patients reported in 26 se-
ries.209 Physical exam is often unrevealing because the ab-
domen is distended and masses, primary or metastatic, are
not palpable. Colorectal malignancy should always be con-
sidered when patients present with large-bowel obstruction.
The history, physical exam, and plain films of the abdomen
may suggest the diagnosis. It may be confirmed with contrast
enema, rigid or flexible endoscopy, or CT scans of the ab-
domen and pelvis.

Perforation may result in localized peritonitis or general-
ized peritonitis or, if walled off, it may present with ob-
struction or fistula to an adjacent structure such as the blad-
der. When the perforation occurs proximal to the obstructing

lesion, as with perforation of a dilated cecum proximal to an
obstructing sigmoid carcinoma, the patients present with dif-
fuse peritonitis and sepsis. Emergent surgical intervention af-
ter adequate fluid resuscitation is clearly indicated. However,
in the case of perforation at the tumor, possibly secondary to
tumor necrosis, the more indolent course may lead to con-
fusion of the perforated tumor with inflammation associated
with appendicitis, diverticulitis, or Crohn’s disease.

STAGING

Staging systems are important for predicting outcomes, se-
lecting patients for various therapies, and comparing thera-
pies for like patients across institutions. For a tumor to be
considered as an invasive cancer and staged, it must pene-
trate through the muscularis mucosa. Malignant cells super-
ficial to this layer are thought to lack metastatic potential be-
cause of a paucity of lymphatics and are considered carcinoma
in situ. In 1932, Dukes proposed a classification based on the
extent of direct extension along with the presence or absence
of regional lymphatic metastases for the staging of rectal can-
cer. Dukes’ A lesions are those in which the depth of pene-
tration of the primary tumor is confined to the bowel wall.
Dukes’ B tumors have primary tumor penetration through the
full thickness of the bowel to include serosa or fat. Dukes’ C
lesions have local (C1) or regional (C2) nodal involvement. Al-
though not initially described, it became accepted by com-
mon practice to add a fourth category for distant spread (D)
outside the resected specimen. The Astler-Coller Modifica-
tion divided the Dukes’ B and C cases depending on the depth
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TABLE 23.8.

Impact of Sigmoidoscopy on Mortality from Colorectal Malignancy.

Level of 
Author evidence n Design Result Comments

Selby190 III 1129 Case control study of 59%�in �in mortality only for portion of bowel 
rigid sigmoidoscopy mortality visualized
(261 case subjects)

Newcomb191 III 262 Case control study of 80%�in
rigid sigmoidoscopy mortality
(66 case subjects)

Muller192 III — Case control study of 59%�in Greatest benefit with “tissue removal”
diagnostic procedures mortality
of the large bowel

TABLE 23.9. Summary of the Characteristics of Screening Tests for Colorectal Malignancy.

Overall Potential Evidence of Screening
Screening test performance Complexity effectiveness effectiveness test risk

FOBT Intermediate for carcinomas, Lowest Lowest Strongest Lowest
low for polyps

Flexible sigmoidoscopy High for up to half of the Intermediate Intermediate Intermediate Intermediate
colon

FOBT plus flexible Same as flexible Intermediate Intermediate Intermediate Intermediate
sigmoidoscopy sigmoidoscopy and FOBT
DCBE High High High Weakest Intermediate
Colonoscopy Highest Highest Highest Weakest Highest

FOBT, fecal occult blood test; DCBE, double-contrast barium enema.

Source: From Winawer SJ, Fletcher H, Miller L, et al. Colorectal cancer screening: clinical guidelines and rationale. Gastroenterology 1997;112:594–642.



of primary spread, with Dukes’ B1 including tumors with
penetration confined to the bowel wall and B2 lesions in-
cluding tumors that penetrate the bowel wall. If nodal dis-
ease is present, the tumor depth of penetration determines
whether the lesion is C1 [B1 with (�) nodes] or C2 [B2 with
(�) nodes].

The TNM (tumor/node/metastasis) classification was pro-
posed by the American College of Surgeons’ Commission on
Cancer to incorporate findings at laparotomy. The stages of
the TNM system roughly correlate to the stages with Dukes’
classification: stage 1 equivalent to Dukes’ A; stage 2 equiv-
alent to Dukes’ B; stage 3 equivalent to Dukes’ C; and stage
4 equivalent to Dukes’ D (Tables 23.10, 23.11).

Classification of histological grade, cell type, lymphatic,
venous or perineural invasion, tumor ploidy, carcinoembry-
onic antigen (CEA) level, bowel perforation, and distal and
tangential margins allow for further subclassification of the
tumors and improved prognostication.

PREOPERATIVE STAGING FOR COLORECTAL CANCER

The general physical examination remains a cornerstone in
assessing a patient preoperatively to determine the extent of
local disease, disclosing distant metastases, and appraising the
general operative risk. Special interest should be paid to
weight loss, pallor as a sign of anemia, and signs of portal hy-
pertension. In addition, a complete workup should include
the investigations listed in Table 23.12.

POLYPS: COLONIC

NATURAL HISTORY

In healthy colonic epithelium, there is a normal, constant re-
newal of the surface epithelium approximately every 6 days
by cellular proliferation and differentiation of crypt cells. As
cells move up the crypt, differentiation and maturation oc-
cur, and the cells lose their capacity to divide again. Eventu-
ally cells die and are shed into the colonic lumen. In the ade-
noma, this is markedly altered. There is continued mitosis
and lack of differentiation of cells so that the proliferative
compartment may envelop the entire crypt. The persistent
replication of cells near the crypt surface, coupled with re-
tarded cell maturation and extrusion, results in an increased
number of replicating surface cells.

A colorectal polyp is defined as a mass that protrudes into
the lumen of the colon. These masses may either be sessile
or pedunculated. The clinical significance of polyps is de-
fined by their histological classification. The main distinc-
tion is between neoplastic and nonneoplastic polyps. Ade-
nomas are benign neoplasms with dysplasia. Nonneoplastic
polyps are without dysplastic features and include mucosal,
hyperplastic, inflammatory, and hamartomatous (including
juvenile) polyps. Approximately 70% of colonoscopically re-
moved polyps are adenomas. Their growth patterns as tubu-
lar, villous, or tubulovillous further classifies adenomas.

In autopsy series, the prevalence of sporadic colorectal
adenomas is: 30% at 50 years of age, 40% to 50% at 60 years,
and 50% to 65% at 70 years of age. Endoscopic studies reveal
lower rates, between 10% and 20%, in individuals, even
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TABLE 23.10. AJCC Definition of TNM for Colon and Rectum
Cancers Staging System.

Primary Tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ: intraepithelial or invasion of lamina pro-

pria*
T1 Tumor invades submucosa
T2 Tumor invades muscularis propria
T3 Tumor invades through the muscularis propria into the sub-

serosa, or into non-peritonealized pericolic or perirectal tis-
sues

T4 Tumor directly invades other organs or structures, and/or
perforates visceral peritoneum**,***

*Note: Tis includes cancer cells confined within the glandular base-
ment membrane (intraepithelial) or lamina propria (intramucosal)
with no extension through the muscularis mucosae into the sub-
mucosa.

**Note: Direct invasion in T4 includes invasion of other segments
of the colorectum by way of the serosa; for example, invasion of the
sigmoid colon by a carcinoma of the cecum.

***Tumor that is adherent to other organs or structures, macro-
scopically, is classified T4. However, if no tumor is present in the
adhesion, microscopically, the classification should be pT3. The V
and L substaging should be used to identify the presence or absence
of vascular or lymphatic invasion.

Regional Lymph Nodes (N)
NX Regional lymph nodes cannot be assessed*
N0 No regional lymph node metastasis
N1 Metastasis in 1 to 3 regional lymph nodes
N2 Metastasis in 4 or more regional lymph nodes

*Note: A tumor nodule in the pericolorectal adipose tissue of a pri-
mary carcinoma without histologic evidence of residual lymph node
in the nodule is classified in the pN category as a regional lymph
node metastasis if the nodule has the form and smooth contour of a
lymph node. If the nodule has an irregular contour, it should be clas-
sified in the T category and also coded as V1 (microscopic venous in-
vasion) or as V2 (if it was grossly evident), because there is a strong
likelihood that it represents venous invasion.

Distant Metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis
Source: Used with permission of the American Joint Committee on Cancer
(AJCC), Chicago, IL. The original source for this material is the AJCC Cancer
Staging Manual, Sixth Edition (2002) published by Springer-Verlag New York,
www.springer-ny.com

TABLE 23.11. Comparison of AJCC Definition of TNM System to
Duke’s Classification.

Stage T N M Dukes*

0 Tis N0 M0 —
I T1 N0 M0 A

T2 N0 M0 A
IIA T3 N0 M0 B
IIB T4 N0 M0 B
IIIA T1-T2 N1 M0 C
IIIB T3-T4 N1 M0 C
IIIC Any T N2 M0 C
IV Any T Any N M1 —
Source: *Dukes B is a composite of better (T3 N0 M0) and worse (T4 N0 M0)
prognostic groups, as is Dukes C (Any TN1 M0 and Any T N2 M0). Used with
permission of the American Joint Committee on Cancer (AJCC), Chicago, IL.
The original source for this material is the AJCC Cancer Staging Manual, Sixth
Ed. (2002) published by Springer-Verlag New York, www.springer-ny.com

TABLE 23.12. Preoperative Evaluation for Colorectal Malignancy.

Routine blood work CBC, LFT, CEA
Colonoscopy Tissue diagnosis, synchronous disease
Radiographs CXR, seleced CT abdomen/pelvis
Ultrasound Transrectal ultrasound



TABLE 23.13.  The Stage-Dependent Relative 5-Year Survival Rate.

Stage 1 Stage 2 Stage 3 Stage 4 
Location (% survival) (% survival) (% survival) (% survival)

Colon 70 60 44 7
Rectum 72 54 39 7

Source: Beart et al. (1995)206; Jessup et al. (1996).352

though these studies are performed in populations with a high
prevalence of adenomas.

The overall risk of an adenoma progressing to cancer is
between 2.5% and 8% over a 10-year period and increases
with the size of the polyp.210,211 After 20 years the relative
risk increases to 24%, and having multiple adenomas in-
creases the risk for developing subsequent adenomas and ade-
nocarcinomas. Polyp type also impacts the rate at which can-
cer is found in the polyp.212

MALIGNANT POLYPS

A malignant polyp is an adenoma in which carcinoma has in-
vaded across the muscularis mucosa. Endoscopic polypec-
tomy is curative in 99.7% of cases of pedunculated and 98.5%
of cases of sessile malignant polyps. In the case of incomplete
resection, poor differentiation, lymphatic or vascular inva-
sion, cure rates following endoscopic polypectomy decrease
to 91% and segmental colectomy may be indicated.

COLORECTAL DISTRIBUTION

The distribution of adenomas changes with age. In patients
older than 55 years the incidence of proximal polyps 
increases.213

ENDOSCOPIC MANAGEMENT OF BENIGN ADENOMAS

Colonscopy has revolutionized the management of large-
bowel polyps. Most polyps throughout the colon can be 
removed through the colonoscope using the snare polypec-
tomy technique. When performed by trained endoscopists,
colonoscopy with polypectomy is a safe procedure, with a per-
foration incidence of 0.3% to 1% and a hemorrhage incidence
of 0.7% to 2.5%.214,215

INDICATIONS FOR SURGERY

The majority of colorectal polyps found at endoscopy are suit-
able for snare excision via colonoscope. However, because of
location and size, some are deemed unsafe to treat in this
manner and therefore require colectomy. Surgical options in-
clude segmental bowel resection via laparotomy and colo-
tomy with open polypectomy. Laparoscopic segmental colon
resection, as well as laparoscopic-assisted endoscopic polypec-
tomy, are also available in selected cases.216

Special problems arise with better understanding of the
molecular changes in the development of colorectal cancer.
The term aggressive adenoma was created because the ade-
noma–carcinoma sequence seems to be accelerated in patients
with HNPCC. It has therefore been recommended that subto-
tal colectomy be offered to HNPCC patients with polyps. A
less radical approach is hemicolectomy in the case of multi-
ple polyps confined to an anatomical region.

POLYPS: RECTAL

About 8% of colorectal polyps are located in the rectum.212

They represent a unique situation as they can be palpated
with the finger or visualized through a sigmoidoscope. If in-
vasive cancer is considered, rectal ultrasound can be per-
formed. It is well recognized that larger polyps carry a higher
risk for dysplasia and carcinoma.

SURGICAL OPTIONS

Most rectal polyps are removed during colonoscopy or proc-
toscopy using different snaring devices. Most polyps up to 
2 cm can be removed with a single snare. Larger polyps may

be snared in pieces or removed per anus if within the distal
10 cm of the rectum. Piece-by-piece snaring may be performed
in multiple sessions at 4- to 6-week intervals.

Large villous or tubulovillous adenomas are removed by
transanal excision. If the tumor is not indurated or ulcerated,
the chance that it is benign is 90%.217 Preoperative biopsies
are unreliable as they have a false-negative rate up to 30%.218

The entire tumor is removed in one piece whenever possible
to ensure adequate histological evaluation.

Cancer of the Colon

NATURAL HISTORY

Surgery remains the cornerstone of treatment for colorectal
cancer but has inherent limitations imposed by the biology
and stage of the tumor as well as its location. Ultimately,
50% of patients who undergo curative resection develop lo-
cal, regional, or widespread recurrence; this presumably oc-
curs as a result of progression of micrometastases present at
the time of initial operation. Colorectal tumors are relatively
slow-growing neoplasms, and metastases occur relatively late.
Five-year survival rates are presented in Table 23.13.

BOWEL PREPARATION

Mechanical cleansing may be accomplished by the use of vig-
orous laxatives along with repeated enemas until clearing.
Commonly used products include GoLYTELY, Phospho-Soda,
and Fleet enemas.

ANTIBIOTIC ADMINISTRATION

Although there is no question that preoperative antibiotic ad-
ministration is beneficial in elective and emergency colorectal
surgery, the route of administration and antibiotic combination
remains a matter of debate. Most surgeons start antibiotic pro-
phylaxis at the day of operation using a combination to cover
gram-positive and gram-negative, aerobic and anaerobic bacte-
ria. Whether the antibiotic is given orally or intravenously does
not appear to matter so long as the antibiotic is administered
before skin incision. There is no evidence that antibiotic ad-
ministration after the first initial postoperative day is beneficial.

SURGICAL STAPLERS IN COLORECTAL SURGERY

Surgical staplers have gained increased popularity in recent
years and can be acceptably used as long as the general prin-
ciples of anastomoses are maintained: adequate blood supply,
absence of tension, and accurate apposition of healthy tissue.

CANCER OF THE CECUM, ASCENDING COLON, 
OR HEPATIC FLEXURE

For lesions located in the cecum or ascending colon, a right
hemicolectomy to encompass the bowel served by the ileo-
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colic, right colic, and right branch of the middle colic vessels
is recommended (Fig. 23.8).

For lesions involving the hepatic flexure, a more extended
resection is indicated including the right colon and proximal
and midtransverse colon including both branches of the mid-
dle colic artery. This is often referred to as “an extended right
hemicolectomy.” The method of bowel division depends on
the preferred method of anastomoses.

CANCER OF THE TRANSVERSE COLON

Depending on the exact location of the tumor, the transverse
colon is often resected including either the hepatic or splenic

flexure. As the resection needs to fulfill oncological princi-
ples, the appropriate lymphatic drainage must be included.
The lymphatic drainage may occur through the middle colic
and or the right or left colic branches. For technical reasons
it is usually easier to include the ascending colon in the re-
section rather than mobilizing both flexures.

CANCER OF THE SPLENIC FLEXURE

Splenic flexure lesions require removal of the distal half of
the transverse colon and the descending colon (Fig. 23.9). Af-
ter resection, a tension-free anastomosis is performed be-
tween the distal transverse colon and the proximal sigmoid
colon.

CANCER OF THE SIGMOID COLON

Sigmoid lesions are treated by removal of the sigmoid colon.
The exact boundaries of resection depends on the level of the
tumor (Fig. 23.10). Resections of higher sigmoid lesions in-
clude the descending–sigmoid junction, whereas resections
for lower lesions include the recto–sigmoid junction. More
radical procedures such as high ligation of the inferior mesen-
teric artery at its root have not been shown to increase sur-
vival and are associated with increased complications.219

TOTAL ABDOMINAL COLECTOMY

The incidence of synchronous lesions (more than one carci-
noma at different sites) is reported to be between 1.5% and
7.6%.220,221 The 5-year survival rate by stage was 87% for
stage 1, 69% for stage 2, 50% for stage 3, and 14% for stage
4.222 Subtotal colectomy is the treatment of choice for pa-
tients with synchronous lesions at different sites. If synchro-
nous lesions are located in the same anatomical region, a con-
ventional resection may be performed.222 The rectum is not
removed unless it has pathological lesions as well. When the
rectum is removed, an ileoanal pouch procedure may be per-
formed if intestinal continuity is to be restored. However, cre-
ation of the pouch after adequate pathological staging and treat-
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FIGURE 23.8.  Extent of resection for cecal, ascending colon, or he-
patic flexure carcinoma. (Adapted from Gordon and Nivatvongs.134)

FIGURE 23.9.  Extent of resection for a splenic flexure colon carci-
noma. (Adapted from Gordon and Nivatvongs.134)

FIGURE 23.10.  Extent of resection for sigmoid colon carcinoma.
(Adapted from Gordon and Nivatvongs.134)



ment of a rectal cancer would seem advisable as the small
bowel does not tolerate radiation well.

Cancer of the Rectum

NATURAL HISTORY

About 30% of all colorectal cancers are rectal. In 1995, the
American Cancer Society estimated 40,000 new cases in the
United States.

SELECTION OF OPERATION AND ASSESSMENT

OF RESECTABILITY

Rectal cancer has traditionally been treated with abdomino-
perineal resection, which removes the whole rectum and anus.
More recently, the low anterior resection and local excision
with and without radiation have gained popularity. Both pre-
serve continence and can result in equal 5-year survival rates
in properly selected patients. Thus, preoperative staging is crit-
ical to the selection of the appropriate operation.

Depending on the depth of invasion, location, distal and
proximal margins, involvement of lymph nodes, and status of
distant disease, the surgeon chooses between local transanal
and transabdominal techniques with mesenteric resection. Lo-
cal excision is performed in small tumors for cure and in ad-
vanced disease for palliation where excision of the mesentery
does not improve survival. In the case of mid- to distal rectal

cancers, a low anterior resection (LAR) is attempted, with a goal
of transecting the rectum at least 2 cm inferior to the lower end
of the carcinoma. If this is technically not achievable, an abdom-
inoperineal resection (APR) is performed (Fig. 23.11). In an APR,
a very low anterior resection is done in combination with a
complete perineal excision of the anus and rectum, and an end-
colostomy is brought out on the anterior abdominal wall.

LOCAL PER ANAL EXCISION OR DESTRUCTION

Generally, lesions within 8 cm of the anal verge that are less
than 4 cm, well or moderately well differentiated, mobile, not
ulcerated, and without evidence of nodal involvement are
considered for transanal excision. Nodal involvement may be
as high as 18% in T1 lesions and up to 38% in T2 le-
sions,223,224 leaving about 5% of rectal cancers as suitable for
attempt at cure with local excision alone225 (Table 23.14).
However, if one plans local excision followed by chemoradi-
ation or radiation, excellent local control has been achieved
for T1 and T2 lesions226 (Table 23.15).

Transanal destruction with electrocautery or radiation
therapy may also be used to control the tumor within the
pelvis. The radiation therapy may be delivered as the sole treat-
ment or may be combined with excisional therapy.

TRANSANAL ENDOSCOPIC MICROSURGERY (TEM)
Transanal endoscopic microsurgery has been used for the lo-
cal treatment of benign and malignant rectal tumors.227 The
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FIGURE 23.11.  Extent of resection with either
(A) low anterior resection of the rectum or (B) ab-
dominal perineal resection for rectal adenocarci-
noma. (Adapted from Gordon and Nivatvongs.134) A B

TABLE 23.14.  
Results for Selected Series of Local Excision of Rectal Cancer Alone With Intent to Cure.

No. Local Salvage Cancer-specific Follow-up
Author patients Margins Stage recurrence (%) surgerya (%) survival (%) (months)

Morson353 91 Negative T1, T2 3 66 100
Hager354 36 Negative T1 8 NS 90 33

18 Negative T2 17 NS 78 40
Heimann355 14 Negative T1, T2 21 100 93 48
Obrand356 19 Negative T1, T2 (one T3) 26 60 82 58
Garcia-Aguilar357 57 Negative T1 15 70 97 48

28 Negative T2 39 87 84 55

Source: Reprinted with permission from Ambulatory Anorectal Surgery, edited by Bailey and Synder, ©2000, Springer-Verlag New York.



system uses a special rectoscope, which allows continuous car-
bon dioxide insufflation to keep the rectum open for exposure.
The surgeon operates with instruments similar to those used
in laparoscopic surgery. Vision is provided through a magnify-
ing optical system, which is hooked up to a TV screen. The
procedure is used for lesions in the upper, middle, and low rec-
tum. The excision is done with electrocautery and the defect
is closed with a running suture. Complication rates are low as
reported, but include bleeding, breakdown of suture line, and
rectovaginal fistula.228–230

Obstructing Colon Cancer

Colon cancer is the most common cause of large-bowel ob-
struction. This complication occurs as a presenting manifes-
tation in up to 15% to 20% of patients with colorectal can-
cer.231 Obstructing colon cancers are generally caused by
larger tumors and have a poorer prognosis. The incidence of
obstruction correlates with advancing patient age and is most
commonly seen with left-sided colon cancer.

The treatment is dependent on the location of the ob-
struction. Primary resection and anastomosis generally treat
right-sided and transverse tumors. A diverting colostomy or
ileostomy is rarely needed. The anastomosis can be performed
using either hand suturing or stapling techniques. The leak
rate should not exceed 3% with either technique.232

The treatment of descending and more distal tumors is
more complex and controversial. Historically, there are three
procedures: the three-stage procedure, the Hartmann’s proce-
dure, and the subtotal colectomy with primary anastomosis.
The three-stage operation with a transverse colostomy, as an
initial procedure, followed by a resection and anastomosis and
finally by closure of the colostomy, is generally of historical
interest only. However, if the patient is too sick to tolerate
a definitive procedure, this is certainly an option.

The second option, and that most commonly utilized, is
to resect the colon and tumor, fashion a colostomy from the
proximal bowel, and oversew the distal bowel. This is com-
monly referred to as a Hartmann’s procedure, which is incor-
rect because that procedure is for rectal cancer in particular.
Alternatively, if the distal bowel is of adequate length, if may

be brought up to the abdominal wall, opened, and sutured to
the skin as a mucous fistula. Overall operative mortality is
about 10%.233 Colostomy closure rates are approximately 60%.

Subtotal colectomy with primary anastomosis has become
increasingly popular recently. The procedure is a one-stage op-
eration. Although this operation seems more extensive, good
results can be achieved with a single shorter hospitalization,
no stoma problems, and removal of possible synchronous prox-
imal lesions. Mortality rates are as low as 3% in experienced
hands, and morbidity ranges between 6% and 31%,234 com-
petitive with the more accepted resection and colostomy pro-
cedure. These data suggest that a subtotal colectomy and pri-
mary anastomosis is the preferred approach in the patient with
an obstructing colon cancer on the left side.

Perforated Colon Cancer

Perforation of colorectal cancer is associated with a poor prog-
nosis and a high recurrence rate. About 3% to 9% of patients
with colorectal carcinoma present with a perforation as their
initial manifestation. In about 66%, localized perforation with
abscess occurs, while in about 33% free perforation with peri-
tonitis occurs.203 The tumor itself may be perforated or there
may be a right-sided perforation with a left-sided tumor. When-
ever possible, the perforated bowel segment should be resected
at the initial operation. Reanastomosis is feasible in many pa-
tients and should be accompanied by a protective proximal
stoma in most cases. If the patient has generalized peritonitis,
colectomy, colostomy formation, and oversewing of the distal
bowel or mucous fistula creation should be considered. In the
case of a perforation remote from the diseased segment, a subto-
tal colectomy should be considered as the therapy of choice.

Cancer Arising in a Colon Polyp

There is now a general consensus that most colon cancers
arise from preexisting polyps. The lifetime risk of an adenoma
transforming into a malignancy is estimated to be 5% to 10%,
and the time for transforming is estimated to be 5 to 15
years.235 Colonoscopy and complete polypectomy are curative
in 99% of the patients with carcinoma in situ, as these lesions
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TABLE 23.15.  
Results for Selected Series of Local Excision of Rectal Cancer and Postoperative Radiation or Chemoradiotherapy.

No. Negative Radiation Chemo- Local Salvage Survival Follow-up
Author patients margins (%) Stage (cGy) therapy recurrence (%) surgerya (%) (%) (months)

Rosenthal358 16 100 2 T1 2700–5700 No 12.50 100 94 33
9 T2 (3 years)
5 T3

Bailey359 53 100 35 T1 4500–5000b No 8 50 90 44
18 T2

Minsky360 22 95 4 T1 4500–7380 Variable 18 75 79 37
12 T2 (4 years)
6 T3

Fortunato361 21 66 2 T1 2700–6300 10% 19 75 58 56
15 T2
4 T3

Ota362 46 100 16 T1 5300 Variable 8 NS NS 35
15 T2
15 T3

Bleday363 21 100 21 T2 5400 Yes 0 — 100 43

Source: Reprinted with permission from Ambulatory Anorectal Surgery, edited by Bailey and Synder, ©2000, Springer-Verlag, New York.



appear to have no potential for metastases. On the other hand,
lymph node metastases can be demonstrated in approximately
12% of patients, with carcinoma invading into the submu-
cosa.236 In otherwise healthy patients with submucosal inva-
sive carcinoma arising in a polyp, formal colon resection is
recommended to remove any residual cancer. Discovery of
lymph node metastases justifies adjuvant chemotherapy.

Therapy for Metastatic Colorectal Cancer

Of 100 patients with colorectal cancer, 50 will be cured by
surgery, 15 will develop local recurrence, and 35 will develop
blood-borne distant metastases. The organs most frequently
involved are the liver in 75%, the lung in 15%, and the bone
and the brain in 5%.237 In patients who develop colorectal
liver metastases, the main cause of death is liver failure. Pa-
tients with untreated diffuse liver metastases have a median
survival of 7 to 10 months.238 By comparison, patients with
multiple metastases limited to one lobe have a mean survival
of 15 months, and those with only one lesion have a median
survival of 21 months without resection.

The mode of treatment of liver metastases from colorec-
tal carcinoma is still a matter of debate. Chemotherapeutic
regimens including systemic, intraarterial, and intraportal 
administration have only had moderate benefit. Systemic
chemotherapy has resulted in response rates of 18% to 28%,
but with the cost of considerable toxicity and anxiety.239 Thus,
the lack of effective therapeutic alternatives has made hepatic
resection or cryoablation a primary treatment consideration.

Pulmonary metastases alone are more common in patients
with rectal primaries. Only 1% to 4% of all patients develop
pulmonary metastases that are amenable for surgery. Ideally, in
determining resectability, the metastasis should be solitary, the
primary should be controlled, there should be no evidence of
other metastases, and the patient should be a good surgical can-
didate. A chest CT scan is essential to characterize the extent
and locations of pulmonary lesions. The median survival after
pulmonary resection of colorectal metastases is approximately
24 months. Operative mortality rates are 0% to 5%.240–242

Therapy for Local Recurrent Colorectal Cancer

Of all colorectal recurrences, 70% occur within 2 years of op-
eration.243 Local recurrences vary between 1% and 20% for
colon cancer and between 3% and 32% for rectal cancer.244–247

OPERATIVE TREATMENT

In selected circumstances, when technically possible the best
chance for cure is resection of the recurrent lesion. Radical
surgery may need to be considered in selected patients, and
the type of operation varies on the location. Debulking oper-
ations play only a minor role except for palliation of symp-
toms such as bleeding, bowel obstruction, and severe pain.

ENDOSCOPIC LASER THERAPY

For the recurrent unresectable tumor, relief of obstruction and
control of bleeding may be obtained by the user of a laser.
This procedure offers no relief of pain nor does it prolong sur-
vival.248 It can be performed as an outpatient procedure, and
only very little sedation is needed.

TUMOR STENTING

Relief of obstruction may also be obtained by the use of a
bowel stent. This procedure offers no relief of pain nor does

it prolong survival, but in select patients it may relieve ob-
struction, allowing for subsequent radiation therapy, and even
bowel preparation and attempted resection.

RADIOTHERAPY

External beam radiotherapy is the therapy most frequently
used to control local recurrences of rectal cancer. The aver-
age survival rate after palliative radiation therapy is about 20
months.249 External beam radiotherapy has proven of no ben-
efit for recurrent colon cancer, mainly because of the effects
of radiation on the remaining abdominal viscera. Intraopera-
tive radiotherapy or brachytherapy have shown promise in
the treatment of recurrent colon and rectal adenocarcinoma.

CHEMOTHERAPY

Systemic chemotherapy has not demonstrated dramatic or
long-term effects. Some palliation has been reported with the
use of intraarterial 5-FU and mitomycin.250

Adjuvant Therapy: Colon Cancer

CHEMOTHERAPY

The use of adjuvant chemotherapy is recommended by the
National Institutes of Health (NIH) as “standard” for patients
with stage 3 disease (any T, N1,2). The recommendation was
based on two studies that showed that the combination of 5-
FU and levamisole had a reduced risk of carcinoma recur-
rences of 43% in stage 3 patients and that the overall death
rate was reduced by 33%.251,252 A similar benefit was seen
with 5-FU and leucovorin with a 30% and 32% reduction in
recurrences and mortality, respectively.253 The benefit of
chemotherapy in the treatment of stage 2 disease remains un-
clear, and it is administered on an individualized basis be-
cause of contradictory evidence.254,255

RADIOTHERAPY

There is only a limited role for radiotherapy in the treatment
of colon cancer, although it plays a major role in the treat-
ment of rectal cancer. If the margins are grossly or micro-
scopically positive, improved palliation and survival have
been reported with radiation therapy.256–261

IMMUNOTHERAPY

There is no conclusive evidence that immunotherapy im-
proves either survival or recurrence rates.

ADJUVANT THERAPY: RECTAL CANCER

Radiation therapy may be delivered, with or without
chemotherapy, preoperatively, intraoperatively, or postop-
eratively, in the treatment of rectal cancer. The potential
benefits of preoperative radiation therapy (with or without
chemotherapy) are (1) large tumors may shrink, increasing
resectability of the tumor; (2) tumors cells within the lym-
phatics may be sterilized, decreasing seeding of viable tu-
mor cells at the time of surgery; (3) radiation therapy works
better in well-oxygenated tissues and the postoperative tis-
sue may be relatively hypoxic; (4) surgical complications
may lead to a long delay in therapy; and (5) preoperative ra-
diation minimizes the risk of radiating the same loop of
small bowel that may be fixed in the pelvis after surgery.
The reputed disadvantages are possible overtreatment of
stage 1 and 2 lesions assumed to be stage 3 lesions on pre-

COLON,  RECTUM, AND ANUS 3 0 5



TABLE 23.16.  
Results of Randomized Trials of Preoperative Radiotherapy (Level I Evidence).

Overall
Local Distant 5-year

No. of Dose Dukes’ stage C recurrence metastases survival
Trial (author(s)) patients (Gy/Fractions) (%) (%) (%) (%)

MRC 1364 (1984) 824 Control 46 No difference No difference 38
5/1 45 41
20/10 36* 40

VASOG 2365 (Higgins, Humphrey, 361 Control 41 42
and Dweight, 1986) 31.5/18 35 43

EORTC366 (Gerard et al., 1988) 466 Control 59 30 39 59
34.5/15 55 15* 39 69

Sao Paulo367 (Reis Neto, Guilic, 68 Control 47 47 32 34
and Reis Neto, 1989) 40/20 26* 15* 15* 80*

Norway368 (Dahl et al., 1990) 309 Control 28 21 21 58
31.5/18 18* 15 23 57

ICRF369 (Goldberg et al., 1994) 468 Control No difference 24 40
15/3 17* 39

Northwest Region370 (Marsh, 284 Control 37 36 70
James, and Schofield, 1994) 20/4 13* 43 70

Stockholm I371 849 Control 28 28 37 36
(Cedermark et al., 1995) 25/5-7 28 14* 30 36

Stockholm II372 557 Control 21 26 56
(Cedermark et al., 1996) 25/5 10* 19* 70*

SRCT373 (1997) 1168 Control 27 48
25/5 11 58*

MRC � Medical Research Council; VASOG � Veterans’ Administration Surgical Oncology Group Trial II; EORTC � European Organization for Research and
Treatment of Cancer; ICRF � Imperial Cancer Research Foundation; SRCT � Swedish Rectal Cancer Trial.

*Statistically significant.

Source: From Gordon and Nivatvongs,134 with permission.
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TABLE 23.17.  
Results of Randomized Trials of Postoperative Radiotherapy (Level I Evidence).

Overall
Local Distant 5-year

No. of Dose Dukes’ recurrence metastases survival
Trial (author(s)) patients (Gy/Fractions) stage (%) (%) (%)

GITSG262 (1985) 227 Operation alone B2 and C 24 34 43
CT 27 27 57
40–48 Gy/22–27 20 30 50
CT � 40-44 Gy/22–24 11 26 59

Denmark374 494 Operation alone B/C 18 14 Similar
(Balsev et al., 1986) 50 Gy/25 16 19

NSABP375 555 Operation alone B and C 25 27 43
(Fisher et al., 1988) CT 21 24 53*

46–47 Gy/26–27 16 31 50
Netherlands376 172 Operation alone B2/C 33 26 57

(Treurniet-Donker et al., 50 Gy/25 20 36 45
1991)

MRC3377 469 Operation alone B/C 34 35 38
(Gates et al., 1995) 40 Gy/20 21* 31 41

CT � Chemotherapy; GITSIG � Gastrointestinal Tumor Study Group; MRC � Medical Research Council; NSABP � National Surgical Adjuvant Breast and
Bowel Project.

*Statistically significant.

Source: From Gordon and Nivatvongs,134 with permission.

operative evaluation, loss of accurate pathological staging
at the time of resection because of “downstaging,” delay in
“definitive resection,” and risk of increased operative com-
plications secondary to radiation injury. The results for ran-
domized trials suggest that regardless of whether it is de-

livered preoperatively or postoperatively, radiation therapy
appears to have a significant impact on local recurrence but
does not appear to improve survival. (Tables 23.16 and
23.17)

The addition of chemotherapy to radiation may improve



local control and survival. A four-arm study compared
surgery alone, postoperative chemotherapy, postoperative
radiation, and postoperative radiation plus chemotherapy.
The best results were achieved with the combination of
postoperative chemoradiation, with a local recurrence rate
of 11%, a distant metastases rate of 26%, and a 5-year over-
all survival of 59%. In comparison, the local recurrence rate
for surgery alone was 24%, the distant metastases rate was
34%, and the 5-year survival rate was 43%.262 In a study of
660 patients treated with postoperative radiation therapy
with either bolus or continuous intravenous chemotherapy,
local recurrence rates of 8% (bolus) to 11% (continuous)
with an overall survival rate of 60% (bolus) to 70% (con-
tinuous) were reported. The distant metastases rate varied
between 40% (bolus) and 31% (continuous).263 Results of
randomized trials of combined chemoradiation are pre-
sented in Table 23.18.

Intraoperative radiation is used in selected cases such as
primary carcinomas and local recurrences considered unre-
sectable for cure. A local control rate of 80% to 82% versus
24% to 67% without intraoperative radiation264 and im-
proved survival rates of 20% compared to the expected 5%
are reported134 when there is no evidence of tumor outside
the pelvis.

Our preference is to deliver preoperative chemoradiation
to large bulky lesions, to those tumors with obvious nodal or
full-thickness disease where postoperative therapy seems cer-
tain. This decision is made after lengthy and frank discus-
sions with the patient and family members about the risks
and benefits of the various protocols. Intraoperative radiation
is recommended for carefully selected patients with primary
or recurrent disease that appears close to but not invading un-
resectable structures in the pelvis (nerves and bone).

POLYPOSIS COLI SYNDROMES

FAMILIAL ADENOMATOUS POLYPOSIS

Familial adenomatous polyposis (FAP) is an inherited, non-sex-
linked, dominant disease characterized by the progressive de-
velopment of hundreds of polyps. The mutated gene is found
on the long arm of chromosome 5 and is called the APC gene.
Polyps occur at a mean age of 16 years and almost all affected
persons exhibit adenomas by age 35 years. Seven percent of un-
treated individuals have cancer by age 21, 50% by age 39, and
90% by the age of 45 years. Large-bowel cancer is virtually in-
evitable if the colon is not removed.

Upper gastrointestinal manifestations of FAP include gas-
tric polyps in 50% to 100% of affected persons and duodenal
polyps in 90% to 100%. Duodenal polyps are adenomatous
polyps that also bear some malignant risk because a 10% to
12% lifetime occurrence of periampullary duodenal cancer
has been reported.

Extraintestinal manifestations of FAP include osteomas,
soft tissue tumors of the skin, supernumerary teeth, desmoid
tumors, and congenital hypertrophy of the retinal pigment
epithelium.

All first-degree relatives of an individual with newly di-
agnosed FAP should undergo colonoscopy to screen for the
disease. In a family already known to have FAP, sigmoi-
doscopy screening in younger at-risk patients should begin
between ages 10 to 12 years and be repeated every 1 to 2 years.

For a colon without polyps, it takes about 5 years to de-
velop an adenoma and about another 5 years to develop in-
vasive cancer.265 Thus, removal of polyps is prophylactic
against colon cancer. Timing of operation depends on the
number of polyps found in the colon and rectum. Most cen-
ters recommend total colectomy with ileorectal anastamo-
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TABLE 23.18.  
Results of Randomized Trials of Combined Chemoradiation (Level I Evidence).

Overall
Local Distant 5-year

No. of recurrence metastases survival
Trial (author(s)) patients Dose (Gy/Fraction) (%) (%) (%)

EORTC378 (Boulis-Wassif 247 Preop 34.5 Gy/15.0 15 30 59
et al., 1984) Preop 34.5 Gy/15.0 � 5-FU 15 30 46

GITSG262 (1985) 227 Operation alone 24 34 43
CT 27 27 57
Postop 40-48 Gy/22–27 20 30 50
CT � 40-44 Gy/22–21 11 26 59

NCCTG379 209 Postop 45 Gy/25 � 5.4 Gy boost 23 46 38
(Krook et al.,1991) Postop 45 Gy/25 � 5-FU 14* 29* 53*

GITSG380 (1992) 210 Postop 44.4 Gy/23 � 5-FU 15 25 44
Postop 41.4 Gy/23 � 5-FU � Semustine 11 33 46

Intergroup263 660 50.4/28 Gy � CT bolus 11 40 60
(O’Connell et al., 1994) 54 Gy/30 � CT continuous 8 31 70*

NSABP381 741 MOF 14 66
(Hyams et al., 1996) 5-FU-leucovorin

5-FU � postop 46 Gy (26.5) 9* 68
5-FU-leucovorin � postop 46 Gy

CT � Chemotherapy; EORTC � European Organization for Research and Treatment of Cancer; GITSG � Gastrointestinal Tumor Study Group; MOF � methyl
CCNU, vincristine sulfate (Oncovin), 5-FU; NCCTG � North Central Cancer Treatment Group; NSABP � National Surgical Adjuvant Breast and Bowel 
Project.

*Statistically significant.

Source: From Gordon and Nivatvongs,134 with permission.



sis or restorative proctocolectomy with ileoanal pouch by the
age of 25 years.

FAP families that exhibit frequent and prominent benign
extraintestinal lesions, particularly osteomas and soft tissue
tumors, are said to have Gardner’s syndrome.

When central nervous system malignancies occur to-
gether with colonic polyposis, it is called Turcot’s syndrome.

Hundreds or even thousands of polyps may be distributed
throughout the entire colon and rectum, and the disease,
called juvenile polyposis, may also involve the stomach and
small bowel. This type of polyp is a hamartoma, however,
and is not premalignant.

HEREDITARY NONPOLYPOSIS COLI SYNDROMES (HNPCC)

HNPCC is an autosomal dominant inherited disease with a
high risk of colon cancer. The average age of colon cancer di-
agnosis is 45 years, and the lifetime risk of colon cancer is
80% in gene carriers. Despite its name, polyps are features of
HNPCC as well in 8% to 17% of first-degree relatives.266

HNPCC has four major subtypes: Lynch 1, Lynch 2, Muir-
Torr syndrome, and a variant of Turcot’s syndrome. The Am-
sterdam criteria are clinical criteria developed to confirm the
diagnosis of HNPCC: (1) at least three relatives with histo-
logically verified colorectal carcinoma, one of whom should
be first degree relative of the other two; (2) at least two suc-
cessive generations should be affected; (3) in one of the rela-
tives, colorectal carcinoma should have been diagnosed when
the patient was younger than 50 years of age.

All patients with HNPCC need to be entered in a sur-
veillance program by the age of 20 to 25 years. Screening
should not only be directed to the colon but also to the pan-
creas, breast, cervix, and bladder.463 Colonoscopic surveil-
lance should be performed every other year until 30 years of
age and annually thereafter. Some experts recommend pro-
phylactic subtotal colectomy if no colorectal cancer is pre-
sent at age 25, but others cite an extracolonic carcinoma 
incidence of 30% as reason for performing a standard hemi-
colectomy for malignancy should it develop.267

Anus: Benign Diseases and Neoplasms

Benign Diseases

ANORECTAL ABSCESS AND FISTULA

Perirectal abscess fistulous disease not associated with a spe-
cific systemic disease is most commonly cryptoglandular in
origin.237,268–270 The anal canal has 6 to 14 glands that lie in
or near the intersphincteric plane between the internal and
external sphincters. Projections from the glands pass through
the internal sphincters and drain into the crypts at the den-
tate line. Glands may become infected when a crypt is oc-
cluded, trapping stool and bacteria within the gland. If the
crypt does not decompress into the anal canal, an abscess may
develop in the intersphincteric plane. Abscesses are classified
by the space they invade (Fig. 23.12). Regardless of abscess lo-
cation, the extent of disease is often difficult to determine
without examination under anesthesia.

Antibiotics given while allowing the abscess to “mature”
are not helpful. Early surgical consultation and operative

drainage are the best measures to avoid the disastrous compli-
cations associated with undrained perineal sepsis. When
drained, either surgically or spontaneously, 50% will have per-
sistent communication with the crypt, creating a fistula from
the anus to the perianal skin or fistula in ano. A fistula in ano
is not a surgical emergency because the septic focus has drained.

An abscess typically causes severe continuous throbbing
anal pain that may worsen with ambulation and straining.271

Swelling and discharge are noted less frequently. A patient
with fistula in ano may report a history of severe pain, bloody
purulent drainage associated with resolution of the pain, and
subsequent chronic mucopurulent discharge.

Physical examination of the patient with an abscess re-
veals a tender perianal or perirectal mass. A fistula is present
when an internal and external opening are identified. A firm
connecting tract is often palpable.

No imaging studies are necessary in uncomplicated ab-
scess fistulous disease, but imaging studies such as sinograms,
transrectal ultrasound, CT, and MRI may be useful in the
evaluation of complex or recurrent disease.

Abscess fistula disease of cryptoglandular origin must be 
differentiated from complications of Crohn’s disease, pi-
lonidal disease, hidradenitis suppurativa, tuberculosis, acti-
nomycosis, trauma, fissures, carcinoma, radiation, chlamydia,
local dermal processes, retrorectal tumors, diverticulitis, and
uretheral injuries.

The complications of an undrained anorectal abscess may
be severe. If the abscess is not drained surgically or sponta-
neously, the infection may spread rapidly, which may result
in extensive tissue loss, sphincter injury, and even death. In
contrast, a fistula in ano, which may develop when the ab-
scess is drained, is not a surgical emergency. A chronic fis-
tula may be associated with recurring perianal abscesses and,
rarely, with cancer of the fistulous tract.

Abscesses should be drained surgically. Patients often re-
quire drainage in the operating room where anesthesia allows
for adequate evaluation of the extent of the disease. Inter-
sphincteric abscesses are treated by internal sphincterotomy,

3 0 8 CHAPTER 23

FIGURE 23.12.  Abscesses are classified by location. (Reprinted with
permission from Vasilevsky CA. Fistula-in-ano and abscess. In: Beck
DE, Wexner SD (eds.), Fundamentals of Anorectal Surgery, ©1992,
McGraw-Hill.)



which drains the abscess and destroys the crypt. Perirectal
and ischiorectal abscesses should be drained by a catheter or
with adequate excision of skin to prevent premature closure
and reaccumulation of the abscess (Fig. 23.13).

Patients with a chronic or recurring abscess after appar-
ent adequate surgical drainage often have an undrained deep
postanal space abscess that communicates with the is-
chiorectal fossa via a “horseshoe fistula.” Treatment involves
opening the deep postanal space and counterdraining the tract
through the ischiorectal external opening. Once the postanal
space heals, the counterdrain may be removed.

Immunocompromised patients are a particular challenge.
In the moderately compromised host, such as the diabetic 
patient, urgent drainage in the operating room is required be-
cause these patients are more prone to necrotizing anorectal
infections. In the severely compromised host, patients receiv-
ing chemotherapy, an infection may be present without an “ab-
scess” due to neutropenia. In these patients, it is important to
attempt to localize the process, establish “drainage,” localize
the internal opening, and biopsy the tissue for pathology and
culture (to rule out leukemia and select antibiotics).

The treatment of fistulas is dictated by the course of the
fistula. If the tract passes superficially and does not involve
sphincter muscle, then a simple incision of the tract with ab-
lation of the gland and “saucerization” of the skin at the ex-
ternal opening is all that is necessary. A fistula that involves
a small amount of sphincter (except anterior midline in
women) may be treated similarly. A tract that passes deep, or
that involves an undetermined amount of muscle, is best
treated with a mucosal advancement flap. Immediate or de-
layed muscle division with a cutting Seton is associated with
a high rate of incontinence, but a noncutting Seton may be
used to control sepsis while preparing for definitive therapy
of a complex fistula (Fig. 23.14). Anterior midline fistulas in
women are best treated with advancement flap repair because

the external sphincter is a particularly thin band of muscle
in this location and the risk of sphincter injury resulting in
significant incontinence is increased.

Goodsall’s rule is of particular assistance in identifying the
direction of the tract (Fig. 23.15) in fistulas with posterior ex-
ternal openings,272 but reliability is decreased anteriorly and in
particular as distance from the verge is increased.273

The prognosis for cryptoglandular abscess fistula disease
is excellent once the source of infection is identified. Fistu-
las persist when the source has not been identified or ade-
quately drained, when the diagnosis is incorrect, or when
postoperative care is insufficient.
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FIGURE 23.13.  Catheter drainage of an ischiorectal abscess. The
catheter is sewn to the skin with a 2-0 nylon that is cut after 1 week,
and the “mushroom” anchors the tube in place. (Reprinted with per-
mission from Ambulatory Anorectal Surgery, edited by Bailey and
Synder, ©2000, Springer-Verlag, New York.)

FIGURE 23.14.  Control of perianal sepsis with a Seton and mush-
room catheter for complex abscess fistulous disease or Crohn’s dis-
ease. (Reprinted with permission from Ambulatory Anorectal Surgery,
edited by Bailey and Synder, ©2000, Springer-Verlag, New York.)

FIGURE 23.15.  Goodsall’s rule: External openings anterior to a line
drawn between 3 and 9 o’clock will communicate with an internal
opening along a straight line drawn toward the dentate line. Posterior
external openings will communicate with the posterior midline in a
nonlinear fashion. The exception may be an anterior opening that is
greater than 3 cm from the dentate line. (Reprinted with permission
from Surgical Management of Anorectal and Colonic Diseases, 2nd
Ed., edited by Marti and Givel, ©1999, Springer-Verlag, Heidelberg.)



FISSURES

An anal fissure is a split in the anoderm. An ulcer is a chronic
fissure. When mature, an ulcer is associated with a skin tag
(sentinel pile), and a hypertrophied anal papilla. Fissures oc-
cur in the midline just distal to the dentate line, and the ma-
jority are in the posterior position.

Fissures result from forceful dilation of the anal canal, most
commonly during defecation. The anoderm is disrupted, expos-
ing the underlying internal sphincter muscle. This results in
muscle spasm that fails to relax with the next dilatation.274–280

This leads to further tearing, deepening of the fissure, and in-
creased muscle irritation and spasm.278 The persistent muscle
spasm leads to relative ischemia of the overlying anoderm and
inhibits healing.38,281,282

Classically, the initial insult is believed to be a firm bowel
movement. The pain associated with the initial bowel move-
ment is great, and the patient therefore ignores the urge to
defecate for fear of experiencing the pain again. This delay al-
lows a harder stool to form, which tears the anoderm more
as it passes because of its size and the poor relaxation of the
sphincter. A self-perpetuating cycle of pain, poor relaxation,
and reinjury results.

Fissures cause pain and bleeding with defecation. The pain
is often tearing or burning, worst during defecation, and sub-
sides over a few hours. Blood is noted on tissue and on the
stool but is not mixed in the stool or toilet water.

Physical examination by simple gentle traction on the but-
tocks will evert the anus sufficiently to reveal a disruption of
the anoderm in the midline at the mucocutaneous junction. In
the acute fissure, this may be all that is present. In the chronic
fissure, a sentinel pile may be visualized at the inferior margin
of the ulcer. Gentle, limited, digital examination will confirm
internal sphincter spasm. Anoscopy and proctosigmoidoscopy
should be deferred until healing occurs or the procedure can be
performed under anesthesia. Under anesthesia, the classic triad
of a proximal hypertrophied anal papilla above a fissure with
the sentinel pile at the anal verge may be identified. If a mid-
line fissure fails to heal, it must be biopsied to exclude
Crohn’s disease or malignancy. 

Stool softeners, bulk agents, and sitz baths are successful
in healing 90% of anal fissures. A second episode has a 60%
to 80% chance of healing with this regimen. Sitz baths after
painful bowel movements soothe the muscle spasm. Stool soft-
eners and bulk agents make the stool more malleable, de-
creasing the trauma of each successive bowel movement.
Chronic (1-month history) or chronic recurrent ulcers should
be considered for surgery, botulinum toxin (Botox) injection to
paralyze the internal sphincter spasm, or nitroglycerin oint-
ment to relax the internal sphincter and improve blood flow.
If a patient requires surgery, lateral internal anal sphincter-
otomy is the procedure of choice.283 Fewer than 10% of pa-
tients so treated are incontinent to mucous and gas. Recur-
rence is less than 10%.

HEMORRHOIDS

Hemorrhoidal tissues are part of the normal anatomy of the
distal rectum and anal canal.

The disease state of “hemorrhoids” exists when the in-
ternal complex becomes chronically engorged or the tissue
prolapses into the anal canal as the result of laxity of the sur-
rounding connective tissue and dilatation of the veins.36 Ex-
ternal hemorrhoids may thrombose, leading to acute onset of

severe perianal pain. When the thrombosis resolves, the over-
lying skin may remain enlarged, creating a skin tag.

Internal hemorrhoids are traditionally classified by the fol-
lowing scheme: first-degree hemorrhoids bleed; second-degree
hemorrhoids bleed and prolapse, but reduce spontaneously;
third-degree hemorrhoids bleed, prolapse, and require manual
reduction; and fourth-degree hemorrhoids bleed, and cannot
be reduced.

Internal hemorrhoids typically do NOT cause pain but
rather bright-red bleeding per rectum, mucous discharge,
and a sense of rectal fullness or discomfort. Infrequently,
internal hemorrhoids will prolapse into the anal canal, in-
carcerate, thrombose, and necrose. In this instance, pa-
tients may complain of pain. Anoscopy may reveal tissue
with evidence of chronic venous dilatation, friability, mo-
bility, and squamous metaplasia. Rigid sigmoidoscopy
should be performed to rule out other disease of the distal
colon and rectum.

External hemorrhoids may develop an acute intravascular
thrombus, which is associated with acute onset of extreme 
perianal pain. No precipitating causes have been identified.
The thrombus occasionally may cause ischemia and necrosis
of the overlying anoderm, resulting in bleeding. The pain usu-
ally peaks within 48 h. The acutely thrombosed external hem-
orrhoid is seen as a purplish, edematous, tense subcutaneous
perianal mass that is quite tender.

Chronic bleeding from internal hemorrhoids may cause
anemia. However, until all other sources of blood loss have
been ruled out, anemia must not be attributed to hemorrhoids
regardless of the patient’s age. Barium enema or colonoscopy
are necessary to rule out malignancy and inflammatory bowel
disease. Defecography is helpful when obstructed defecation
or rectal prolapse are suspected.

The complications of internal or external hemorrhoids are
the indications for medical or surgical intervention: these are
bleeding, pain, necrosis, mucous discharge, moisture, and,
rarely, perianal sepsis. Initial medical management for all but
the most advanced cases is recommended. Dietary alterations,
including elimination of constipating foods (e.g., cheeses), ad-
dition of bulking agents, stool softeners, and increased intake
of liquids are advised. Changing daily routines by adding ex-
ercise and decreasing time spent on the commode is often
beneficial.

First- and second-degree hemorrhoids generally respond to
medical management.284,285 Hemorrhoids that fail to respond
to medical management may be treated with elastic band 
ligation, sclerosis, photocoagulation, cryosurgery, excisional
hemorrhoidectomy, and many other local techniques that in-
duce scarring and fixation of the hemorrhoids to the under-
lying tissues.

The acutely thrombosed external hemorrhoid may be
treated with excision of the hemorrhoid or clot evacuation if
the patient presents within 48 h of onset of symptoms. Ex-
cision removes the clot and hemorrhoidal tissues, thereby de-
creasing the incidence of recurrence. However, many sur-
geons simply evacuate the thrombus, relieving the pressure
and pain. If the patient presents more than 48 h after onset
of symptoms, conservative management with warm sitz
baths, high-fiber diet, stool softeners, and reassurance is ad-
vised. The thrombus has begun to organize, evacuation will
not be successful, and excision will not reduce the amount
or duration of anal pain.

The prognosis for recurrence of hemorrhoidal disease is
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related most to success in changing the patient’s bowel habits.
Increasing dietary fiber, decreasing constipating foods, intro-
ducing exercise, and decreasing time spent on the toilet all
decrease the amount of time spent straining in the squatting
position. These behavioral modifications are the most im-
portant steps in preventing recurrence.

PILONIDAL DISEASE

The incidence of pilonidal disease is highest in Caucasian
males (3:1 male/female ratio) between ages 15 and 40 with a
peak incidence between 16 and 20 years of age.286

Patients with pilonidal disease may present with small
midline pits or an abscess(es) off the midline near the coccyx
or sacrum. The patients are generally heavy, hirsute males.
The workup is limited to a physical exam unless one suspects
Crohn’s disease, where a more extensive evaluation may be
necessary. The differential diagnosis includes abscess/fistu-
lous disease of the anus, hidradenitis suppurativa, furuncle,
and actinomycosis.

Pilonidal abscesses may be drained under local anesthe-
sia. A probe may be inserted into the primary opening and
the abscess unroofed. Granulation tissue and inspissated hair
are curetted out, but definitive therapy is not required at the
first procedure. Cure rates of 60% to 80% have been reported
after primary unroofing.287 For those who fail to heal after 3
months or develop a chronic draining sinus, definitive ther-
apy is recommended. Nonoperative therapy with meticulous
skin care (shaving of the natal cleft, perineal hygiene) and
drainage of abscesses may significantly reduce the need for
surgery.288

Conservative excision of midline pits with removal of
hair from lateral tracts and postoperative weekly shaving has
an 89% success rate.289 Excision with open packing, marsu-
pialization, or primary closure with or without flaps have all
been advocated.286 Open packing and marsupialization both
leave the patient with painful wounds that are slow to heal,
and marsupialization has a reported recurrence rate of 6% to
10%.290 Our preference is to excise the pilonidal disease and
primarily close the defect with rotational flaps over closed
suction drainage. Simple primary closure has an unaccept-
ably high dehiscence rate.

PELVIC FLOOR DYSFUNCTION

INCONTINENCE

Continence is maintained through a complex integrated path-
way that involves rectal compliance, anorectal sensation,
anorectal reflexes, and anal sphincter function.34 The inci-
dence of fecal incontinence is difficult to assess because of
underreporting and lack of standardization of what represents
incontinence. Incontinence in one patient may be acceptable
normal staining in another.

Obstetrical trauma during delivery is the major cause of
mechanical injury to the external sphincter and potentially a
cause of neurological injury.291,292 There is an increased in-
cidence of incontinence after third-degree perineal tears, mul-
tiple vaginal deliveries, and infection of an episiotomy re-
pair.134 The injury after prolonged labor may be twofold, with
mechanical disruption of the sphincter and stretch of the pu-
dendal nerve.293

Incontinence may result from the treatment of crypto-
genic abscess/fistula disease, or perianal Crohn’s disease,
where the external sphincter may be divided during a fistu-

lotomy. If it is surgically disrupted, or destroyed by chronic
inflammation, continence is lost.

Neurogenic causes of incontinence include pudendal
nerve stretch secondary to prolonged labor or multiple births,
or chronic history of straining to defecate.292,294,295 Vaginal
deliveries are associated with reversible pudendal nerve in-
jury in 80% of primagravida births.296

Other causes of incontinence include iatrogenic muscle
disruption (anal dilatation, internal sphincterotomy, hemor-
rhoidectomy), systemic diseases effecting either the muscu-
lar or neurological systems (i.e., scleroderma, multiple scle-
rosis, dermatomyositis diabetes), and causes unrelated to the
function of the sphincter itself (severe diarrhea, fecal im-
paction with overflow incontinence, radiation proctitis with
fibrosis, tumors of the distal colon and rectum, low pelvic
colorectal anastomoses).

Complete incontinence is lack of control of gas, liquid,
and solid stool. Inability to control liquid and gas or gas alone
is partial incontinence. Elicitation of these symptoms is im-
portant in localizing the deficit. Patients who complain of
soiling with urgency may have poor rectal compliance and
normal sphincters, whereas those patients complaining of in-
ability to sense stool until it has passed may have a neuro-
logical injury. The physical signs of incontinence may include
a patulous anus, focal loss of corrugation of the anal verge,
flattening and maceration of the perineum, exaggerated de-
scent of the perineum with straining, decreased sphincter
tone, diminished voluntary squeeze pressures, and loss of anal
sensation.

Evaluation with anorectal manometry, transanal ultra-
sound, pudendal nerve latency studies, EMG, and defecogra-
phy may all be part of the evaluation of the incontinent pa-
tient. No particular study is diagnostic in all patients, and
appropriate tests must be chosen based on history and phys-
ical examination.

The decision tree for the diagnosis and treatment of in-
continence is summarized in Fig. 23.16. If a muscular defect
is limited and there is no neurological injury, surgical cor-
rection with an overlapping sphincter reconstruction restores
continence by reestablishing a complete ring of muscle. How-
ever, if there is extensive loss of sphincter muscle or severe
neurological injury, simple overlapping repair is not as 
successful and consideration must be given to muscle flap
procedures or encirclement procedures. Incontinence from
muscular weakness or decreased sensation secondary to in-
complete neurologic injury may respond to retraining with
biofeedback.297

OBSTRUCTED DEFECATION

Obstructed defecation may result from anal stenosis, pelvic
floor dysfunction, or abnormal rectal fixation. The most com-
mon cause of anal stenosis is scarring after anal surgery. Other
causes include anal tumors, Crohn’s disease, radiation injury,
recurrent anal ulcers, infection, and trauma.

Patients with anal stenosis present with increasing diffi-
culty and straining at defecation, thin and sometimes painful
bowel movements, and bloating. Examination may reveal
postsurgical changes and a stenotic anal canal. Digital exam
may be quite painful or impossible.

Causes of anal pain that must be distinguished from anal
stenosis include fissure, external hemorrhoids, perirectal ab-
scess, malignancy, foreign body, and proctalgia fugax. Proc-
talgia fugax (levator syndrome), a diagnosis of exclusion, is
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FIGURE 23.16.  Algorithm for the workup
and treatment of fecal incontinence. 
(From Shelton AA, Weltop ML. The pelvic
floor. W J Med 1997;167(2):90–98.)

suggested when a patient complains of pain that awakens
them from sleep. The pain is generally left sided, short lived,
and relieved by heat, dilatation, or muscle relaxants. The pa-
tient often has a history of migraines and may report the oc-
currence of pain in relation to stressful events.

Mild anal stenosis may be treated successfully with gen-
tle dilatation and bulk agents. Severe anal stenosis is treated
surgically if there is no evidence of active disease (i.e., Crohn’s
disease) and healthy tissue is available to perform the
anoplasty. The prognosis for anal stenosis is excellent if there
is no evidence of active disease.

Pelvic floor dysfunction alternatively referred to as non-
relaxing puborectalis syndrome, anismus, or paradoxical
pelvic floor contraction, is a functional disorder in that the
muscle is normal but control is dysfunctional. In health, the
puborectalis is contracted “at rest,” maintaining the anorec-
tal angle. During defecation, the muscle relaxes and evacua-
tion occurs. In nonrelaxing puborectalis syndrome the mus-
cle does not relax and maintains or increases the anorectal

angle. The patient therefore performs a Valsalva maneuver
against an obstructed outlet, and elimination either does not
occur or is significantly diminished. Patients may complain
of straining and anal or pelvic pain, constipation, incomplete
evacuation, or a need to perform digital maneuvers to evac-
uate rectal contents. Those who have developed internal in-
tussusception complain of such but may also note mucous
discharge, rectal bleeding, or tenesmus.

Digital examination of the patient with nonrelaxing pub-
orectalis syndrome may reveal a tender pelvic muscular di-
aphragm but it is otherwise unremarkable. Sigmoidoscopic
examination may reveal a solitary rectal ulcer if intussus-
ception has occurred chronically. The ulcer develops 4 to 12
cm from the anal verge, is anterior, and is the ischemic trau-
matized lead point of the internal intussusception.

Nonrelaxing puborectalis syndrome is best treated with
biofeedback. The puborectalis is retrained to relax during
the act of defecation, allowing the act to proceed without
obstruction. Biofeedback results are excellent,297 but pa-
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tients may require occasional retraining before education is
complete.

Mild to moderate intusssception is treated with bulk
agents, modification of bowel habits, and reassurance. Severe
intussusception with impending pudendal nerve damage is
treated surgically.

Patients with rectal procidentia complain of mucous dis-
charge, progressive incontinence, pain, and bleeding; on di-
rect questioning, they may report their rectum “falls out.”
Physical examination of the patient who presents with an
acute episode of rectal prolapse is not difficult. A large mass
of prolapsed tissue with concentric mucosal rings will be ap-
parent (Fig. 23.17). This finding is in contrast to the patient
with prolapsed hemorrhoids where physical exam reveals pro-
lapsing tissue with deep radial grooves between areas of ede-
matous tissue.

Patients with rectal prolapse may need anorectal manom-
etry, electromyography, pudendal nerve latency studies, de-
fecography, and barium enema or colonoscopy. Defecography
may document the prolapse if not clinically apparent. Evalu-
ation of the entire colon with either barium enema or
colonoscopy is necessary to rule out a malignancy. The sur-
gical approach may be chosen based on the pudendal nerve
latency studies and EMG.

There are two classes of operations for rectal prolapse, ab-
dominal and perineal. The abdominal procedures have a lower
recurrence rate and preserve the reservoir capacity of the rec-
tum but submit the patients to a higher-risk intraabdominal
procedure. The perineal procedures do not require an ab-
dominal incision and do not have an intraabdominal anasto-
mosis, but do remove the rectum, eliminating the rectal reser-
voir. Thus, the abdominal procedures may be preferred over
the perineal procedures in low-risk active patients less than
50 years of age and in patients who otherwise require an ab-
dominal procedure.

The abdominal procedures for patients with severe intus-
susception or rectal prolapse with normal sphincter function
are sigmoid resection, with or without rectopexy, and recto-
pexy alone. The perineal approaches to rectal prolapse include
anal encirclement and the transanal Delorme procedure and
Altemeier procedures. For those patients with prolapse who
either have prohibitively high operative risk or who are 

elderly with limited life expectancy, an anal encirclement
procedure may be performed, where an outlet obstruction is
created and laxatives or enemas are required for rectal evac-
uation. The encirclement procedures are complicated by ero-
sion of the foreign material into the rectum and infection.
The Delorme procedure is essentially a mucosal proctectomy
with imbrication of the prolapsing rectal wall, resulting in
functional success 74–93% of the time. The Altemeier pro-
cedure is a complete proctectomy and often partial sig-
moidectomy, with resection of the redundant bowel and pri-
mary reanastamosis. Recurvence rates for the Altemeier
procedure range from 3–11% at a mean follow-up of up to
2 years.

SEXUALLY TRANSMITTED DISEASES

Sexually transmitted diseases of the anorectum are found fre-
quently in urban men who have sex with men,298–300 but
these diseases are not limited to this population. The anorec-
tum appears more susceptible to certain infections and it is
therefore important to inquire into sexual practices, regard-
less of sex or sexual preference. The external genitalia, oral
cavity, and anorectum should be examined for evidence of in-
fection. It should be remembered that the infections are of-
ten multiple and the exact location, whether anus, perineum,
or rectum, is helpful in making the pathological diagnosis.
Herpes simplex virus type 2, Treponema pallidum, Neisseria
gonorrhoeae, and Chlamydia trachomatis often cause proc-
titis. Anusitis or perineal infections suggest syphilis, chan-
croid, herpes, or lymphogranuloma verereum (LGV). Once a
diagnosis is made, the patient should be counseled on safe
sex practices, and the partner or partners evaluated. Suggested
treatments are listed in Table 23.19.

CONDYLOMATA ACUMINATA

Human papilloma virus (HPV) is the cause of condylomata
acuminatum. Multiple types have been identified. Types
HPV-6 and HPV-11 are associated with the common “benign”
genital wart,301–303 whereas HPV-16 and HPV-18 are associ-
ated with the development of high-grade dysplasia and anal
cancer.304 In the United States, condylomata acuminatum is
the most common sexually transmitted viral disease, with 1
million new cases reported each year.305 It is the most com-
mon anorectal infection within homosexual men306 and is
particularly prominent in HIV(�) patients.307 However, the
disease is not limited to men or women who practice anore-
ceptive intercourse. In women, the virus may pull and track
down from the vagina, and in men, it may pool and tract from
the base of the scrotum. Immunosuppression, either with
drugs after kidney transplant or from HIV, significantly im-
pact the incidence of condylomatous disease, with rates up
to 4% and 86%, respectively.307,308

The most frequent complaint is that of a perianal growth.
Pruritus, discharge, bleeding odor, and anal pain are present
to a lesser degree. Physical exam reveals the classic cauli-
flower-like lesion that may be isolated, clustered, or coales-
cent. The warts tend to run in radial rows out from the anus.
The lesions may be surprisingly large at the time of presen-
tation.

Anoscopy and proctosigmoidoscopy are essential because
the disease extends internally in more than three-fourths of
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FIGURE 23.17.  Rectal prolapse with concentric rings of mucosa, not
masses of tissue with deep radial grooves as is seen with prolapsed
internal hemorrhoids.



patients, and 94% of homosexual men have intraanal dis-
ease.306,309 Cultures and serologies for other venereal diseases
may be taken from the penis, anus, mouth, and vagina.

These lesions must be distinguished from condylomata
lata and anal squamous cell carcinoma. Condylomata lata are
the lesions of secondary syphilis. They are flatter, paler, and
smoother than condylomata acuminata. Anal squamous cell
carcinoma is generally painful and may be tender and ulcer-
ated, whereas condylomata are not tender or ulcerated.

The extent of the disease or the risk of malignancy (dys-
plasia treatment is discussed later) determines the treatment.
Minimal disease is treated in the office with topical agents
such as bichloracetic acid310 or 25% podophyllin in tincture
of benzoin.311 Patients should be seen again at regular inter-
vals until the treatment is complete. More extensive disease
may require initial treatment under anesthesia in which ran-
dom lesions may be excised for pathological evaluation to
rule out dysplasia and the remainder coagulated. Refractory
disease may respond to excision or destruction followed by
intralesional interferon or autogenous vaccine created from
excisional biopsies of the lesions.312–317 Recurrence rates of
only 4.6% have been reported for destruction and vaccina-
tion combined, but the preparation of the vaccine is tedious
and therefore this technique has not gained wide accep-
tance.314,317

Other sexually transmitted diseases of the anorectum and
their treatments are listed in Table 23.19.

Anal Neoplasms

Prediction of the biology and planning for treatment of tu-
mors of the perianal region is dependent on precise localiza-
tion of the tumor with respect to anal landmarks such as the
dentate line, the anal verge, and the anal sphincters. These
landmarks define two classes of perianal neoplasms: tumors
of the anal margin and tumors of the anal canal. Historically,
the anal canal has been defined as the region above the anal
verge and the anal margin as the area below the anal
verge.318–321 Squamous cell tumors of the anal margin are
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TABLE 23.19.  Sexually Transmitted Diseases of the Anorectum and Their Treatments.

Suggested treatment for STDs

Organism Treatment

Neisseria gonorrhoeae Ceftriaxone, 250 mg, IM once plus doxycycline, 100 mg, PO bid for 7 days
Chlamydia trachomatis Doxycycline, 100 mg, bid for 21 days, or azithromycin, 1 g, PO as a single

dose
Campylobacter sp. Erythromycin, 500 mg, qid for 7 days, or ciprofloxacin, 500 mg, q 12 h for

7 days
Shigella sp. Trimethoprim-sulfamethoxazole double strength PO bid for 5 days
Haemophilus ducreyi Azithromycin, 1 g, PO as a single dose, or ceftriaxone, 250 mg, IM one

time
Donovania sp. Tetracycline, 500 mg, qid for 10 days
Treponema pallidum Benzathine penicillin G, 2.4 million U, IM, or tetracycline, 500 mg, qid

for 30 days
Herpes virus Acyclovir, 200 mg, 5 times a day for 5 days
Hepatitis virus Symptomatic
Entamoeba histolytica Metronidazole, 750 mg, tid for 10 days, plus diloxanide furoate, 500 mg,

tid for 10 days
Giardia lamblia Metronidazole, 250 mg, PO tid for 7 days

Source: From Gordon and Nivatvongs,134 with permission.

TABLE 23.20.  AJCC Definition of TNM and Stage Groupings for
Anal Cancer. 

Primary Tumor (T)
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor 2 cm or less in greatest dimension
T2 Tumor more than 2 cm but not more than 5 cm in great-

est dimension
T3 Tumor more than 5 cm in greatest dimension
T4 Tumor of any size invades adjacent organ(s), e.g., vagina,

urethra, bladder*

*Note: Direct invasion of the rectal wall, perirectal skin, subcuta-
neous tissue, or the sphincter muscle(s) is not classified as T4.

Regional Lymph Nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in perirectal lymph node(s)
N2 Metastasis in unilateral internal iliac and/or inguinal

lymph node(s)
N3 Metastasis in perirectal and inguinal lymph nodes and/or

bilateral internal iliac and/or inguinal lymph nodes

Distant Metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Stage Grouping
Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage II T2 N0 M0

T3 N0 M0
Stage IIIA T1 N1 M0

T2 N1 M0
T3 N1 M0
T4 N0 M0

Stage IIIB T4 N1 M0
Any T N2 M0
Any T N3 M0

Stage IV Any T Any N M1

Source: Used with permission of the American Joint Committee on Cancer
(AJCC), Chicago, IL. The original source for this material is the AJCC Cancer
Staging Manual, Sixth Ed. (2002) published by Springer-Verlag New York,
www.springer-ny.com



PAGET’S DISEASE

In contrast to the three diseases just discussed, this disease
occurs predominantly in women. Patients are usually in the
seventh or eighth decade. Severe intractable pruritus is char-
acteristic. On physical examination, an erythematous, eczem-
atoid rash is apparent. As before, biopsy of any nonhealing le-
sion should be taken to rule out this diagnosis. If Paget’s
disease is diagnosed, a thorough workup for an occult malig-
nancy is indicated because 50% of patients have a coexistent
carcinoma.332

Wide local excision with multiple perianal biopsies is the
treatment of choice. An abdominal perineal resection may be
indicated for advanced disease. Lymph node dissection should
only be for palpable adenopathy. The role for chemoradio-
therapy is less clear.335,336 The prognosis is good unless there
is metastatic disease or an underlying neoplasm, in which
case patients do poorly.

Tumors of the Anal Canal

EPIDERMOID (SQUAMOUS, BASALOID, 
MUCOEPIDERMOID) CARCINOMA

Generally there is a long history of minor perianal complaints
such as bleeding, itching, or perianal discomfort.337,338 A mass
may or may not be associated with these symptoms. These
cancers are more common in women, which may reflect an
HPV effect. Digital rectal and anoscopy are useful in deter-
mining depth of invasion, size, presence of pararectal nodes,
and proximal extent of disease. The mass is biopsied under
anesthesia to confirm the diagnosis. Both groins should be
palpated for gross disease. Abdominal CT and chest radi-
ographs evaluate the liver and chest for distant disease. En-
dorectal ultrasound can determine the depth of invasion and
may identify pararectal nodes.

Early lesions that are small, mobile, confined to the sub-
mucosa, and well differentiated may be treated with local ex-
cision. Overall reported recurrence rates with local excision
alone are high, with survival of 45% to 85% at 5 years.339,340

Radiation therapy or chemoradiotherapy are the preferred
treatment options for larger lesions of the anal canal.341–343

There are reports of excellent 5- and 10-year survivals for
T1–T3 node-negative disease of 88% and T1–T3 non-positive
disease of 52%.344 Metastatic disease is more likely with in-
creasing depth of invasion, size, and worsening histological
grade.336,345,346 Distant disease is uncommon at the time 
of diagnosis but most commonly involves the liver when 
present. Subsequent metastasis out of the pelvis is not un-
common, and 40% of patients die of disease outside the
pelvis.336 The presence of lymph nodes at the time of pre-
sentation is a bad prognostic sign.337
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well-differentiated, keratinizing tumors that behave similarly
to squamous cell tumors of the skin elsewhere. Tumors of
the anal canal are aggressive high-grade tumors with signifi-
cant risk for metastasis. The staging system for anal tumors
is shown in Table 23.20.

Overall, anal cancers occur in 7 of 1,000,000 men and 9
of 1,000,000 women. In the immunocompromised patient
(transplant, HIV�) the rate is increased. At particular risk are
men who have sex with men where the estimated rates are
35 of 100,000 and 70 of 100,000 for HIV� and HIV� men, re-
spectively. There is a high incidence of anal dysplasias, 15%,
in the HIV(�) patients, and the rate of anal cancers may in-
crease as lives are prolonged with highly active retroviral ther-
apies.324 Screening analagous to Pap smears in this hig-risk
population may help to identify areas of dysplasia that may
then be excised or destroyed prior to development of malig-
nant lesions.

Tumors of the Anal Margin

SQUAMOUS CELL CARCINOMA

Patients frequently complain of a lump, bleeding, itching,
pain, or tenesmus (complaints common to most lesions of
this region). Typically the lesions are large, centrally ulcer-
ated with rolled everted edges, and have been present for more
than 2 years before detection.325–327

All chronic or nonhealing ulcers of the perineum should
be biopsied to rule out squamous cell carcinoma. Small well-
differentiated lesions of 4 cm or less are treated by wide lo-
cal excision.328 Deep lesions that involve the sphincters 
require an abdominoperineal resection of the rectum.
Chemoradiation is used for less favorable lesions.329,330

Spread is to the inguinal lymph nodes, which are generally
included in the radiation fields. T stage determines survival
with reports of 5- and 10-year survival of 100% for T1 le-
sions compared to 60% and 40% for T2 lesions at 5 and 10
years, respectively.330

BASAL CELL CARCINOMA

Bleeding, itching, and pain are presenting symptoms. The le-
sions appear with raised edges and central ulceration. They
are more frequent in men.

As with squamous cell carcinoma of the margin, treat-
ment is wide local excision when possible. Deeply invasive
lesions may require abdominal perineal resection. Metastasis
is rare, but local recurrence rates are 29%.331 Local recur-
rences are treated with reexcision.

BOWEN’S DISEASE

As with the previous lesions, patients often complain of pe-
rianal burning, itching, or pain. Lesions are often found on
routine histological evaluation of specimen acquired at un-
related procedures.332 When grossly apparent, the lesions
appear scaly, discrete, erythematous, and sometimes pig-
mented. Wide local excision with four quadrant biopsies to
establish that no residual disease persists has been the treat-
ment of choice.332 Less than 10% of the patients with
Bowen’s develop invasive squamous cell carcinoma of the
anus.333,334
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Spleen
Alan T. Lefor and Edward H. Phillips

Embryology and Anatomy

The splenic primordium becomes evident during the fifth
week of gestation as an outgrowth of the dorsal mesogas-
trium, which migrates to the left upper quadrant. The gross
appearance of the spleen is the result of its development from
multiple anlage, resulting in an organ with multiple clefts.
The normal spleen weighs 150 to 250 g and is located in the
left upper quadrant, beneath the ninth, tenth, and eleventh
ribs. This location offers some protection to this fragile or-
gan, but also explains why the spleen is the organ most com-
monly injured in blunt abdominal trauma. The parietal sur-
face of the spleen is related to the diaphragm and the visceral
surface is related to the left colon, left kidney, tail of the pan-
creas, and stomach.1 The capsule of the spleen is thin and
consists of mesothelial cells.

The spleen receives its arterial supply from the splenic
artery, which originates in the celiac axis. It is easy to iden-
tify on angiographic studies by its characteristic tortuous ap-
pearance. After its origin, the splenic artery courses along the
superior edge of the pancreas, with multiple branches into
the pancreatic parenchyma. The artery then gives off several
branches into the spleen, the first being the superior polar
artery. There are other arterial vessels to the spleen from the
left gastroepiploic artery and the short gastric artery. The
splenic veins follow the arterial distribution closely, and the
main splenic vein emerges from the spleen following a course
to join the superior mesenteric vein, forming the portal vein.

The spleen is held in place by a number of peritoneal at-
tachments, which are commonly referred to as “ligaments”:

Splenogastric ligament: also called the gastrosplenic omen-
tum, contains the short gastric vessels
Splenocolic ligament: a fold of peritoneum from the splenic
flexure of the colon to the lower pole of the spleen
Splenorenal ligament: posterior peritoneum that splits an-
terior to the underlying kidney to envelop the hilar vessels
and tail of the pancreas

Splenophrenic ligament: usually very attenuated, from the
superior pole of the spleen to the diaphragm
Splenoomental ligament: a constant fold of peritoneum
connecting the lower pole of the spleen to the omentum
near the splenic flexure of the colon. Intraoperative traction
on this structure is most commonly responsible for iatro-
genic injuries to the lower pole.

There are occasionally other folds of peritoneum attached to
the spleen, but those listed remain the most constant, and
are those with which the surgeon must be familiar at the time
of splenic surgery.

Functions and Pathological 
Conditions of the Spleen

Circulation through the spleen is about 150 to 200 ml/min,
or about 5% of the cardiac output.2 The spleen has tradi-
tionally been ascribed four functions: (1) filtration, (2) im-
munological, (3) reservoir, and (4) hematopoietic.3 The filtra-
tion function is the most dominant splenic function in
humans and refers to the removal of abnormal or senescent
red blood cells from the circulation. Other particles removed
include particulate antigens such as microorganisms or
antigen–antibody complexes. The immunological functions
of the spleen include trapping of antigens, homing of lym-
phocytes, antibody and lymphokine production, and macro-
phage activation. The spleen is the main site for immuno-
globulin and antibody synthesis in the body, and affects the
capability of cellular populations in other lymphoid organs
through largely unknown mechanisms.2 The reservoir func-
tion refers to the fact that the spleen harbors about one-third
of the total platelet mass and a large number of granulocytes.
The hematopoietic functions are minimal in humans and
much more prominent in other species. It is clear that a ma-
jority of pathological processes in the spleen are related to the
filtration and immunological functions of the spleen.

3 2 5

24



Conditions associated with defective or absent splenic
function are grouped together as being conditions of hypo-
splenism. These conditions are characterized by the presence
of Howell–Jolly bodies in the peripheral circulation. Condi-
tions associated with hypersplenism remain the most fre-
quent indication for elective splenectomy; these can be di-
vided into those conditions in which the spleen is normal but
increased destruction of abnormal blood elements causes hy-
persplenism, and those in which there is a primary disorder
of the spleen that results in increased destruction of normal
blood cells (Table 24.1).3

SPLENIC RUPTURE

The spleen can rupture from three underlying causes: trauma,
spontaneous rupture, and pathological rupture. Traumatic
rupture of the spleen remains the most frequent indication
for splenectomy. Pathological causes of splenic rupture in-
clude infiltration of the spleen by reactive lymphoid cells or
by neoplastic cells. Most cases attributed to spontaneous rup-
ture of the spleen are actually due to an undiagnosed patho-
logical process.3

Benign Lesions of the Spleen

HEMANGIOMA

This is the most common benign primary neoplasm of the
spleen, and is frequently an incidental finding after splenec-
tomy for other causes. Lesions can be solitary or multiple,
and are usually blue-red, well-circumscribed nodules. Micro-
scopically, they usually appear as endothelium-lined spaces,
and are known as cavernous hemangiomas. The process can
affect the entire spleen as a diffuse hemangiomatosis that can
present with splenomegaly. Treatment of these lesions is usu-
ally splenectomy, although partial splenectomy may be indi-
cated for isolated lesions.

LYMPHANGIOMA

These lesions are less common than hemangiomas, and are
usually subcapsular, appearing as soft, compressible, multi-
cystic lesions on the splenic surface. When located within the
parenchyma, they may be solitary or multiple. When large,
they present with splenomegaly as an indication for resec-
tion. There are case reports of patients presenting with hy-
persplenic syndromes, consumptive coagulopathy, and even
portal hypertension with these lesions.4

PELIOSIS

These rare lesions bear a superficial resemblance to vascular
neoplasms of the spleen. They consist of blood-filled cysts
distributed in patches or diffusely, and can result in spleno-
megaly.4 Intraperitoneal hemorrhage can result from the rup-
ture of these lesions.5

HEMANGIOENDOTHELIOMA

This rare lesion is thought to be intermediate between he-
mangioma and angiosarcoma. They usually contain cellular
atypia, differentiating them from hemangiomas. These le-
sions may present with splenomegaly or rupture, and should
suggest the possibility of a malignant vascular neoplasm.4

HAMARTOMAS

These are focal developmental abnormalities within the nor-
mal spleen, rather than being true neoplasms. They consist
of normal cellular elements in disarray, and are usually found
incidentally.

OTHER BENIGN LESIONS

There are a number of other benign neoplasms, including
hemangipericytoma, bacillary angiomatosis, inflammatory
pseudotumors, and mycobacterial spindle cell pseudotu-
mors. These are all extremely rare lesions and are rarely
found except as incidental findings when the spleen is re-
moved for other reasons.

NONPARASITIC CYSTS

Nonparasitic cysts have been reported in patients of all ages,
and are probably the result of a development anomaly. Pa-
tients with these benign lesions usually present with left up-
per quadrant pain. Evaluation of these patients usually reveals
splenomegaly. These lesions are round and well circum-
scribed on imaging studies. In general, cysts that are less than
4 cm in size and asymptomatic can be observed; those that
are greater than 4 cm or are symptomatic should be resected.4

Partial splenectomy is the preferred method of resection when
possible.6

PARASITIC CYSTS

The only parasitic cyst of importance is the echinococcal cyst.
This condition is endemic in the Near East, New Zealand,
Australia, and the western United States. The complement
fixation test is used for diagnosis. The treatment of this con-
dition is splenectomy.4
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TABLE 24.1. Disorders Associated with Hypersplenism.

1. Disorders associated with sequestration of abnormal blood cells
in an intrinsically normal spleen.
A. Congenital disorders of erythrocytes

1. Hereditary spherocytosis
2. Hereditary elliptocytosis
3. Hemoglobinopathies

B. Acquired disorders of erythrocytes
1. Autoimmune hemolytic anemia
2. Parasitie diseases (e.g., malaria, babesiosis)

C. Autoimmune thrombocytopenia
D. Autoimmune neutropenia

2. Disorders of the spleen resulting in sequestration of normal
blood cells
A. Disorders of cordal macrophages: Banti’s syndrome, storage

diseases, parasitic diseases (e.g., kala-azar), Langerhan’s cell
histiocytosis, malignant histiocytosis

B. Infiltrative disorders: leukemias, lymphomas, plasma cell
dyscrasias, myeloid metaplasia, metastatic carcinoma

C. Vascular abnormalities
D. Splenic cysts
E. Hamartomas

3. Miscellaneous conditions
A. Hyperthyroidism
B. Hypogammaglobulinemia
C. Progressive multifocal leukoencephalopathy

Source: Reiman (1997).3



Malignant Lesions of the Spleen

There are many malignancies that affect the spleen. A list of
these conditions is given in Table 24.2.7

NON-HODGKIN’S LYMPHOMA

Non-Hodgkin’s lymphoma is a diverse group of diseases with
a wide range of biological behaviors. They may be very ag-
gressive and rapidly fatal, or may behave as one of the most
indolent and well-tolerated malignancies afflicting man.8 The
therapy for these patients is still evolving, and surgical stag-
ing is generally reserved for the very small minority of pa-
tients who will receive radiation therapy alone if the disease
is localized.

The role of the surgeon in the care of patients with non-
Hodgkin’s lymphoma is, therefore, usually limited to the
biopsy of a single peripheral lymph node to establish a tissue
diagnosis. Abdominal surgery is rarely required except in the
absence of peripheral lymphadenopathy, when laparotomy or
laparoscopy may be necessary to obtain adequate tissue for
diagnosis of intraabdominal disease. In non-Hodgkin’s lym-
phoma, the precise definition of disease location, unlike
Hodgkin’s lymphoma, has less impact on therapeutic deci-
sion making.9 In general, non-Hodgkin’s lymphomas are sys-
temic diseases at the time of diagnosis, and require the use
of systemic therapy (e.g., chemotherapy) rather than regional
therapy (e.g., radiation) for treatment. This fact coupled with
increasingly more sensitive and specific diagnostic tests has
limited the number of operative staging procedures needed to
assist in treatment planning.

HODGKIN’S DISEASE

Hodgkin’s lymphoma usually originates in a single nodal
group and predictably proceeds in a stepwise progression from
one contiguous node group to the next.10 The disease origi-
nates above the diaphragm in 80% to 90% of patients11 and
is limited to the lymph nodes in 85% of cases.12 Below the
diaphragm, the spleen becomes involved by Hodgkin’s lym-
phoma before proceeding along the periaortic lymph nodes to
the iliac and inguinal nodal basins.11 Rarely, the disease orig-

inates below the diaphragm and proceeds cephalad in reverse
sequence.11 The need for surgical staging is, therefore, more
clearly defined for Hodgkin’s than non-Hodgkin’s lymphoma.
The rationale is that the staging will more reliably predict
disseminated disease in Hodgkin’s because an orderly pro-
gression is the norm and abdominal involvement will alter
the type of therapy.

It is critical to understand the role of stage of disease in
determining therapy as staging operations are only performed
when the outcomes from the procedures will directly impact
the plan of treatment. Clearly, if chemotherapy is to be used
no matter what result the staging procedure yields, then it is
doubtful that the procedure should be performed at all. The
staging of Hodgkin’s lymphoma takes into account the lymph
node involvement above and below the diaphragm as well as
the presence or absence of constitutional symptoms with the
designations “A” or “B.”

Patients with pathological stage I and IIA disease are usu-
ally successfully treated with radiation therapy alone.13,14 Ex-
ceptions to this paradigm are the subgroup of patients who
present with bulky mediastinal disease [greater than one-third
the greatest transverse diameter of the chest on posteroante-
rior (PA) chest X-ray]. This group will receive chemotherapy
as either primary or adjuvant therapy. Surgical staging, there-
fore, will only benefit this group of patients if it has a sig-
nificant likelihood of upstaging the groups who are intended
to receive radiation therapy alone. Should the disease relapse
after radiation therapy, patients can be salvaged with chemo-
therapy without jeopardizing their long-term survival.15

Patients with stage IIB disease can be approached in two
different ways. In institutions that would primarily treat this
group with chemotherapy, surgical staging is unnecessary and
clinical staging suffices. If radiation is to be the sole mode of
treatment, then these patients need to be staged surgically,
then treated with subtotal lymph node radiotherapy. Should
the disease recur they then can be salvaged with chemother-
apy. Clearly, the type of staging used for this group is de-
pendent on the treatment philosophy of the individual on-
cologists caring for a specific patient.

In the early 1980s, staging laparotomy was recommended
for all patients with clinical stage III disease. By the addition
of surgical staging to the evaluation, many patients could be
“downstaged” and therefore needed less chemotherapy.
Nonetheless, many patients with pathological stage III dis-
ease were still treated with radiation therapy alone to avoid
the side effects of chemotherapy.16 Currently, there is enough
evidence that radiotherapy can only be used in a small sub-
set of stage III patients designated as stage III1 (upper ab-
dominal lymph nodes involvement) while those with patho-
logical stage III2 (lower abdominal lymph nodes involvement)
require chemotherapy.13 Patients with pathological stage IIIB
and stage IV disease require a combination of radiotherapy
and chemotherapy, negating the need for surgical staging. 

Staging laparotomy is now performed in only 30% of pa-
tients.18 With refinement of noninvasive imaging techniques,
as well as changes in the medical management of the disease,
the value of surgical staging of lymphoma has been reevalu-
ated. This has resulted in significant decreases in the pro-
portion of splenectomies performed for staging lymphoma.
The role of splenectomy, however, is still in evolution. There
is growing evidence that combined chemo–radiation therapy
for Hodgkin’s lymphoma may be associated with a signifi-
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TABLE 24.2. Malignant Lesions of the Spleen.

I. Lymphoproliferative disorders
a. Non-Hodgkin’s lymphoma
b. Hodgkin’s disease
c. Chronic lymphocytic leukemia
d. Hairy cell leukemia
e. Plasmacytoma
f. Waldenström’s macroglobulinemia

II. Myeloproliferative disorders
a. Chronic myelogenous leukemia
b. Polycythemia vera
c. Myelofibrosis (agnogenic myeloid metaplasia)
d. Essential thrombocythemia

III. Vascular tumors
a. Hemangiosarcoma
b. Lymphangiosarcoma

IV. Metastatic tumors: breast, lung, melanoma, etc.
V. Other lesions

a. Sarcoma: fibrosarcoma, leiomyosarcoma, Kaposi’s sarcoma

Source: Adapted from Giles and Lim (1997).7



cantly increased risk of developing a second malignant dis-
ease.12 If this risk proves to hold true, it follows that surgi-
cal staging may again provide significant benefits for patients
with Hodgkin’s lymphoma by reducing their need for com-
bination therapy. Further study is obviously needed.

Thus, at the present time, the role of the surgeon in pa-
tients with Hodgkin’s lymphoma includes lymph node biopsy
to establish a diagnosis, and staging laparotomy in a very se-
lect group of patients, usually limited to those patients with
stage IIB disease after imaging evaluation. Patients with ob-
vious stage III or stage IV disease should rarely be subjected
to staging laparotomy because they will be treated with
chemotherapy, and patients with stage I disease are usually
treated with radiation alone, obviating the need for staging
laparotomy. When indicated, laparoscopic approaches have
been successfully employed.

CHRONIC LYMPHOCYTIC LEUKEMIA (CLL)

This is the most common of the chronic leukemias, usually
found in patients over 60 years of age. It is usually of B-cell
lineage and is characterized by an accumulation of incompe-
tent lymphocytes.17 CLL is incurable, but it is managed with
a variety of chemotherapeutic agents and sometimes splenec-
tomy. Splenectomy is indicated in those patients who progress
despite chemotherapy, often with massive splenomegaly.

HAIRY CELL LEUKEMIA

This is a rare lymphoproliferative disorder that affects mid-
dle-aged men; it presents with pancytopenia and splenomeg-
aly and is characterized by the identification of “hairy cells”
in the peripheral circulation. Splenectomy has long been the
therapy of choice for this disease. However, more recently,
systemic chemotherapy employing 2-chloro-deoxyadenosine
has been shown to induce remission in 80% to 90% of pa-
tients.18 Splenectomy is thus reserved for patients who fail
to respond to systemic chemotherapy or who have massive
symptomatic splenomegaly.

MYELOPROLIFERATIVE DISORDERS

These diseases include chronic myelogenous leukemia
(CML), myelofibrosis (also called agnogenic myeloid meta-
plasia), polycythemia vera, and essential thrombocythemia.
These diseases are often considered as being along a spectrum
with considerable overlap in clinical and laboratory findings.
Early splenectomy has not been shown to delay the onset of
blast transformation or prolong survival, and so the role of
splenectomy remains controversial.

PRIMARY LYMPHOMA OF THE SPLEEN

This is a subset of non-Hodgkin’s lymphoma (NHL) in which
the disease begins in the spleen, and the bulk of disease is
concentrated in the spleen with additional involvement of hi-
lar lymph nodes.19 Splenomegaly is a prominent feature of
this disease, but peripheral adenopathy is absent. In a single
institutional series, data suggest that patients with localized
splenic and splenic hilar disease have the same prognosis as
other patients with stage I NHL and that those patients with
other sites of involvement have a similar prognosis to patients
with similarly staged forms of NHL.19

HEMANGIOSARCOMA

This is a rare primary tumor of the spleen in humans. Treat-
ment is surgical, and no effective adjuvant therapies have
been identified.

Indications for Splenectomy

There are two surgical procedures performed in reference to
the spleen: partial splenectomy and splenectomy. A splenec-
tomy can be conducted by conventional open technique (OS)
or by laparoscopic means (LS). The indications for splenec-
tomy are unrelated to the technique that will be used to re-
move the spleen.

Splenectomy for Trauma

The spleen is the organ most commonly injured in blunt ab-
dominal trauma, and thus the majority of splenectomies in
the United States are performed for trauma. At this time, it
appears prudent that splenic surgery for trauma is conducted
by OS techniques, although it is conceivable that there may
be rare instances in which LS is a reasonable alternative.

Splenic injury is often suspected in the injured patient on
the basis of mechanism of injury and the presence of associ-
ated injuries such as left lower rib fractures. Some patients
undergo CT scan of the abdomen and reveal injuries such as
those seen in Figure 24.1. Once splenic injury is identified, there
are three options: nonoperative management, splenic salvage
(repair of the injury or partial splenectomy), or splenectomy.
There is no role for splenic salvage in the critically injured
trauma patient with multiple intraabdominal injuries. In these
patients, splenectomy is the only procedure to be considered.

Splenic autotransplantation is easy to carry out, but its
efficacy is not really known. The concept is to preserve
splenic function by transplanting fragments of the excised
spleen elsewhere in the abdomen, usually within an omental
pouch. There is no consensus about the number, mass, or size
of implants used. The only proven immunological result of
replantation is the normal IgM levels. It is unclear whether
lymphocyte function is normal.

The specific management of a patient with a splenic in-
jury is guided by the overall stability of the injured patient,

3 2 8 CHAPTER 24

FIGURE 24.1. Splenic fracture (arrows). There is a small amount of
fluid adjacent to the spleen posteriorly.



mechanism of injury, age, interval from time of injury, asso-
ciated injuries, and preexisting medical conditions. Splenic
injuries are graded by severity (Table 24.3). In a recent series
of adults with splenic injuries, 18% were treated nonopera-
tively, 22% underwent splenorrhaphy, and 60% underwent
splenectomy.20

MANAGEMENT OF SPLENIC INJURIES IN CHILDREN

The nonoperative management of splenic injury has been ap-
plied primarily (and most uniformly) in children. Hemody-
namic stability and transfusion requirement less than 50% of
the blood volume is essential to manage these injuries with-
out surgery. Obviously, nonoperative management assumes
no other intraabdominal injuries requiring exploration. Three
factors form the basis for this approach: bleeding from splenic
lacerations often ceases by the time of laparotomy; the spleen
is immunologically important; and CT scanning permits ac-
curate localization of intraabdominal solid organ injury. De-
layed splenic rupture remains a possibility in patients man-
aged nonoperatively.

Guidelines for the nonoperative management of splenic
injuries in children include documentation of splenic injury
by imaging studies, admission to the ICU with close obser-
vation, hemodynamic stability, serial hematocrit determina-
tion, absence of other intraabdominal injuries, transfusion re-
quirements less than 50% of total blood volume, and absence
of neurotrauma permitting patient cooperation with serial
history and physical examination.

MANAGEMENT OF SPLENIC INJURIES IN ADULTS

The nonoperative management of splenic injuries in adults is
less established as a standard than in children. It is an evolv-
ing practice with success rates reported from 27% to 100%.
Patients are considered candidates for nonoperative manage-
ment by meeting criteria such as hemodynamic stability,
minimum transfusion requirement, absence of associated in-
traabdominal injury, and an ability to perform reliable serial
abdominal examinations.21 A stable defect on repeat imaging
also supports this approach. Patients treated without explo-
ration should be carefully observed and undergo repeat CT
scan at 3 weeks to assess stability of the defect.

The decision to embark on splenorrhaphy in the adult
with a splenic injury is based on hemodynamic stability, pres-

ence of other injuries, and extent of splenic injury.22 Adequate
mobilization is essential. Grade I and II injuries (capsular avul-
sions and superficial parenchymal fractures) are managed by
topical hemostatic agents. The argon beam coagulator may
be helpful in the management of these lesions. Mattress su-
tures over Teflon pledgets may be useful to close deeper
wounds. Grade III and IV splenic injury requires complete
mobilization of the spleen to expose the hilum. Division of
the short gastric vessels is required. Partial splenectomy may
be indicated. Most authors report low incidence of reoperation
(0%–2%) following splenic preservation. Not surprisingly, the
laparoscopic control of splenic injury with splenic preserva-
tion has also been reported.23

Splenectomy for Hematological Disorders

Common indications for elective splenectomy are listed in
Table 24.4.

HEREDITARY SPHEROCYTOSIS

This clinically heterogeneous condition is characterized by a
deficiency in spectrin, resulting in a defective erythrocyte mem-
brane that causes the cell to be less deformable and thus more
susceptible to trapping within the spleen.24 It is a congenital
condition, transmitted in an autosomal dominant fashion, and
is the most common hemolytic anemia for which splenectomy
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TABLE 24.3. Grading of Traumatic Splenic Injuries.

I Hematoma Subcapsular, nonexpanding, �10% surface
Laceration Capsular tear, nonbleeding, �1 cm parenchymal depth

II Hematoma Subcapsular, nonexpanding, 10%–50% surface area
Laceration Capsular tear, active bleeding, 1–3 cm, not involving a

trabecular vessel
III Hematoma Subcapsular, �50% surface area or expanding,

ruptured subcapsular hematoma with active bleeding,
intraparenchymal hematoma, �2 cm or expanding

Laceration �3 cm parenchymal depth or involving trabecular
vessels

IV Hematoma Ruptured intraparenchymal hematoma with active bleeding
Laceration Laceration involving segmental or hilar vessel with

major devascularization (�25%)
V Laceration Completely shattered spleen

Vascular Hilar vascular injury with devascularized spleen

Source: Adapted from Lipshy et al. (1996).20

TABLE 24.4. Indications for Elective Splenectomy.

ITP (idiopathic thrombocytopenia purpura)
Hereditary spherocytosis
Autoimmune hemolytic anemia
Staging for Hodgkin’s disease
Lymphoma
Thrombocytopenic thrombotic purpura
AIDS-related thrombocytopenia
Leukemia
Splenic abscess
Gaucher’s disease
Myelofibrosis
Splenic infarct



is performed. Patients with this condition present with ane-
mia, splenomegaly, and jaundice. The diagnosis is established
by examination of the peripheral blood smear. Therapy of this
disease is splenectomy, with a nearly 100% response rate.

THALASSEMIA

This is a disease of hemoglobin synthesis, transmitted in a
dominant fashion, and common in people of Mediterranean
descent. The diagnosis is established by examining the pe-
ripheral blood smear, which demonstrates target cells.
Splenectomy is reserved for patients with symptomatic
splenomegaly or pain from splenic infarcts.

SICKLE CELL ANEMIA

This hereditary condition is predominantly seen in African-
Americans. The peripheral blood smear demonstrates sickle-
shaped erythrocytes, caused by abnormal Hb-S, which has re-
placed the normal Hb-A. Splenectomy may benefit some
patients in whom acute splenic sequestration of red blood
cells is demonstrated.25

IDIOPATHIC AUTOIMMUNE HEMOLYTIC ANEMIA

This disease is characterized by hemolysis of normal eryth-
rocytes after exposure to circulating antibodies. It is believed
that the spleen serves as a source of antibody in this process.
The initial therapy is steroid administration, reserving
splenectomy for patients in whom steroids are ineffective or
contraindicated.

IDIOPATHIC THROMBOCYTOPENIA PURPURA (ITP)

The most common indication for elective splenectomy in
most series, this is an acquired disorder caused by the de-
struction of platelets exposed to IgG antiplatelet factors.25

These factors are produced in the spleen, and the spleen also
serves as the location for platelet sequestration and destruc-
tion. Imaging studies demonstrate that these patients have
normal-sized spleens. Laboratory studies usually demonstrate
a platelet count under 50,000/mm3 or even lower.

Therapy of this disease is usually begun with steroid ad-
ministration. This protocol is often supplemented with in-
travenous immunoglobulin (IVIG), and these measures result
in cure in about 15% to 20% of patients.26 Failure of nonop-
erative therapy is usually followed by splenectomy, which re-
sults in a cure in about 85% of patients. Patients who do not
respond with normalization of platelet counts usually have
no recurrences of petechiae and ecchymoses. Patients who do
not respond to splenectomy or who relapse at a later date may
have accessory splenic tissue that was not identified at the
time of surgery.

THROMBOTIC THROMBOCYTOPENIA PURPURA (TTP)

TTP is characterized by a pentad of clinical findings: mi-
croangiopathic hemolytic anemia, consumptive thrombocy-
topenia, CNS abnormalities, renal failure, and fever. Damage
to the endothelium resulting in platelet aggregation and mi-
crovascular occlusion is central to the pathophysiology.27

Therapy for this illness includes plasmapheresis, steroids,
splenectomy, dextran, antiplatelet agents, and vinca alka-
loids.28 Splenectomy is reserved for patients who relapse after

plasmapheresis and plasma exchange. Splenectomy has a clear
role in the treatment of this complex illness, but first-line ther-
apy remains medical.

FELTY’S SYNDROME

This syndrome consists of rheumatoid arthritis, splenomegaly,
and neutropenia. Patients are usually treated with steroids, but
failure to respond to steroids may be an indication for splenec-
tomy.

OTHER CONDITIONS

Splenectomy may be indicated for some patients with a va-
riety of diseases that result in hypersplenism or splenomegaly,
including sarcoidosis, Gaucher’s disease, porphyria erythro-
poietica, and systemic mast cell disease.

Operative Approach to the Spleen

Patient Preparation

In preparation for splenectomy, patients should be immu-
nized against Pneumococcus, Haemophilus influenza B, and
Meningococcus at least 2 weeks before operation, if possible.
Preoperative splenic artery embolization, used only in se-
lected patients with splenomegaly or AIDS or in obese pa-
tients, should be performed on the day of surgery because pa-
tients may experience considerable pain after infarction of the
spleen. Platelets are not administered in the preoperative pe-
riod for patients with ITP, regardless of the level of throm-
bocytopenia.25 Platelet transfusions are withheld for patients
with significant intraoperative bleeding after removal of the
spleen. Patients must be given a thorough discussion of over-
whelming postsplenectomy infection before the procedure.

Open Splenectomy

The technique of open splenectomy has remained largely 
unchanged for many years. The patient is placed on the 
operating table in the supine position. The incision used is
dependent on the preference of the operating surgeon, as
splenectomy can be performed with facility through a mid-
line incision or a left subcostal incision.

The splenic artery can be managed in several ways. Some
have suggested ligation of the artery in the lesser sac at the
beginning of the procedure for patients with massive
splenomegaly.29 Others have suggested that patients should
undergo preoperative splenic artery occlusion using radiologic
techniques.30 However, even in cases of splenomegaly, not
all surgeons believe that it is necessary to approach the splenic
artery before a routine splenectomy.

After removal of the spleen, drains are not usually re-
quired, but when desired, closed suction drains are employed.
In those patients for whom splenectomy is performed for
hematological diseases, a search for accessory splenic tissue is
conducted.

Laparoscopic Splenectomy

The technique of laparoscopic splenectomy was first described
in 199231,32 and has become a well-accepted procedure. Ini-
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tially, there was concern that the procedure would result in
excessive blood loss, splenosis, and inaccurate pathological ex-
amination of the specimen. For the most part, these fears have
been proven unwarranted. While splenomegaly remains a
technical challenge, LS has become the preferred surgical tech-
nique for ITP and other diseases with normal spleen size.

To begin, the patient is placed in supine, lithotomy, lat-
eral, or semilateral position. The supine position is preferred
for initiating pneumoperitoneum, inserting trocars, exploring
for accessory spleens, and ligating the splenic artery in the
lesser sac, while the lateral position offers excellent exposure
of the hilum to facilitate dissection and vessel ligation.33 At
present, preoperative embolization is used infrequently by most
surgeons, and the methods of hilar dissection and vessel liga-
tion vary according to the surgeon’s preference.

Increasing operative experience and technical refinements
have produced good results relative to open splenectomy (OS)
in terms of outcome, patient discomfort, length of hospital-
ization, and costs. It is anticipated that the procedure may
have greatest benefit in patients at greatest risk of complica-
tions of laparotomy, including those with hypersplenism who
are treated with steroids and other immunosuppressive regi-
mens. Wound problems, infections, and pulmonary compli-
cations, which are particularly troublesome with conven-
tional splenectomy techniques, may be avoided with LS.

COLLECTED EXPERIENCE

Approximately 900 laparoscopic splenectomies have been re-
ported. There are no prospective randomized trials recorded
in the literature because for the most part the results are
strongly in support of the laparoscopic approach. Overall suc-
cess rates for the procedures are better than 90%, with bleed-
ing by far the most common reason for conversion. Compar-
ing LS with OS, most authors have reported significantly
shorter postoperative hospital stay, no difference in blood
loss, earlier recovery of bowel function, but significantly
greater operative times for laparoscopic splenectomy.

It is inaccurate, however, to compare the results of LS to
OS in a heterogenous population. Most LS series contain pa-
tients with ITP primarily, while OS series include patients
with trauma, splenectomy performed in conjunction with
other procedures, and a greater number of patients with dis-
eases other than ITP. It is therefore important to keep indi-
cation in mind when evaluating technique. Still, in the few
series where OS and LS are compared according to similar in-
dication, LS appears to be the more favorable approach. 

Partial Splenectomy

The principal indication for partial splenectomy is trauma,
where one desires to maintain the splenic immune function
to decrease the incidence of postoperative infectious compli-
cations. It is clear that this procedure is much more techni-
cally demanding than splenectomy. It is a particularly useful
technique in children, for whom the risk of OPSI is greatest.
Laparoscopic partial splenectomy has been described and is
obviously technically feasible.34

Accessory Splenic Tissue

Accessory splenic tissue is identified in 10% to 20% of pa-
tients undergoing splenectomy and remains an important is-

sue in the operative management of these patients. The search
for accessory splenic tissue remains an integral part of the
procedure when performed for certain hematological condi-
tions such as ITP because residual splenic tissue can hyper-
trophy and cause relapse of the disease, sometimes years af-
ter splenectomy.35 Knowledge of the location of this tissue is
important. Most commonly, accessory splenic tissue is lo-
cated at or near the splenic hilum, but it has been reported
along the left gutter and even into the left scrotum.

A patient who presents with relapse of ITP should be as-
sumed to have retained accessory splenic tissue until proven
otherwise. The initial diagnostic test should be a technetium-
99–sulfur colloid liver–spleen scan. If a focus of uptake is iden-
tified, then CT scan may be useful to locate the residual tis-
sue. Long-term remission after excision of the accessory
splenic tissue has been reported.35 Both open and laparoscopic
techniques have been used.

Incidental Splenectomy

The spleen is easily injured during procedures in the upper
abdomen involving the stomach, esophageal hiatus, vagus
nerves, pancreas, left colon, and left kidney. Most commonly
this involves capsular tears, resulting in continuous bleeding.
When the splenic capsule is injured during the conduct of
other procedures, attempts should be made at splenic salvage
to minimize the necessity for incidental splenectomy.

Complications of Splenectomy

Published series of OS36–40 report morbidity rates that range
from 15% to as high as 61%. Series of LS33,41–45 report mor-
bidity rates of 0% to 14%. The mortality rates reported for
OS range from 6% to 13% and those for LS from 0% to 5%.
However, most series of OS include splenectomies performed
for trauma or iatrogenic operative injury, for which morbid-
ity and mortality rates may be higher (36% and 16%, re-
spectively).38 Factors predisposing to complications include
the underlying indication for the splenectomy, the patient’s
age, and associated diseases.

Operative Complications

CARDIOVASCULAR EFFECTS OF PNEUMOPERITONEUM

Cardiovascular effects of pneumoperitoneum are minimal
and rarely result in hypotension or arrhythmia.46 Hemody-
namic problems, usually during insufflation, occur in ap-
proximately 0.2% of patients and are associated with vaso-
vagal reflex or decreased venous return. Most often, the
problems are minor and can be corrected with administration
of fluids or atropine.

BOWEL INJURY

Injury to the bowel is rare and usually occurs during creation
of the pneumoperitoneum. Reported frequency, in the gyne-
cology literature, is 0.16% to 0.27%.47 Patients who have had
prior abdominal surgery are at increased risk of accidental en-
terotomy, regardless of the technique used. Prior abdominal
surgery is a relative contraindication to LS.
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VASCULAR INJURY

Injury to blood vessels may occur during Veress needle or tro-
car insertion. Use of the open technique eliminates the risk
of injury to major intraabdominal vessels as a blunt-tipped tro-
car is inserted. Major vascular injuries requiring further in-
tervention occur in 0.64% of laparoscopic procedures.47 Mi-
nor bleeding that causes abdominal wall hematomas may
occasionally occur from trocar injuries to abdominal wall ves-
sels. These areas should be identified by careful inspection of
the trocar sites before the conclusion of the operation; simple
ligation of the vessels usually contains the hemorrhage.

HEMORRHAGE

The most common intraoperative complication of splenec-
tomy is hemorrhage, which occurs in roughly 5% of cases. In
our series of LS, it occurred in 6%. Hemorrhage was respon-
sible for 75% of conversions to an open procedure. Defects of
clotting factors and platelets cause bleeding from raw surfaces
of the splenic bed, diaphragm, retroperitoneum, and less fre-
quently from the pancreatic surface. Meticulous hemostasis
and accurate dissection can avoid this problem.

INJURY TO ADJACENT ORGANS

Injuries to structures adjacent to the spleen (pancreas, stom-
ach, diaphragm), reported in 1% to 3% of OS, have been rare
during LS. The magnification of the laparoscopic technique
seems to afford a better view of the organs and will probably
decrease iatrogenic injuries.

Postoperative Complications

RESPIRATORY

Respiratory complications affect 10% to 48% of patients af-
ter OS (atelectasis, 15%; pleural effusion, 11%; pneumonia,
7%–13%).38 To avoid diaphragmatic irritation from blood and
irrigant, the subphrenic space should be aspirated dry at the
conclusion of the operation.

SUBPHRENIC ABSCESS

Subphrenic abscesses are reported to occur in 4% to 8% of
OS39,40 but to date have not been reported in the laparoscopic
literature. No laparoscopic cases were performed for trauma,
where associated bowel injuries increase the risk of sub-
phrenic infection.

WOUND PROBLEMS

Wound complications such as hematoma, seroma, and infec-
tion occur because of impaired wound healing, coagulation
abnormalities, steroid use, and immune defects. Wound in-
fections occur in 3% of OS performed for diagnostic indica-
tions and 6% performed for therapeutic indications, and in
11% of patients who require perioperative steroids.36,48

ILEUS AND SMALL-BOWEL OBSTRUCTION

Postoperative ileus and small-bowel obstruction have been
reported in 1% to 10% of OS for Hodgkin’s disease, with a
reoperation rate of 2% to 7%.48 In the laparoscopic series,
there is only one report of a prolonged postoperative ileus.49

FEVER

Postoperative fever unrelated to any of the common postop-
erative causes has been reported in the open splenectomy lit-
erature. It is believed to be secondary to circulating leukoag-
glutinizing antibodies and is self-limited.38 This complication
has not been reported in the laparoscopic literature.

THROMBOEMBOLISM

Thromboembolism complicates 2% to 11% of OS38,40 and is
more common in patients who have hypersplenism or myelo-
proliferative disorders. The presumed causes include eradica-
tion of splenic sequestration, removal of regulatory humoral
factors produced by the spleen, altered platelet function,
thrombocytosis, and thrombus extending from the splenic
vein remnant secondary to intimal injury and stasis. Treat-
ment with antiplatelet medication may be of some use if
platelets exceed 500,000/mm3, but no prospective studies
have been performed. In addition, thrombolytic agents and
anticoagulants may prove to be lifesaving.

SPLENOSIS

Splenosis is defined as the autotransplantation of splenic tis-
sue in an ectopic position and is usually seen following trau-
matic splenic rupture in children; the reported incidence is
48% to 66%.50 This is worrisome to the laparoscopic surgeon,
because the ideal grasper for the spleen has not been devel-
oped, and fracture of the spleen may occur. Nevertheless,
there have been no reports of splenosis following LS.

OVERWHELMING POSTSPLENECTOMY INFECTION

Overwhelming postsplenectomy infection (OPSI) follows 4%
of splenectomies, with a mortality rate of 1.7%. It is impor-
tant to apprise patients of their risks related to OPSI before
surgery when possible. Splenectomy reduces phagocytosis
and the clearance of microorganisms, the elaboration of spe-
cific immune responses, and the production of splenic op-
sonins.51 More than 66% of these cases and 80% of deaths
occur within the first 2 years of splenectomy. The incidence
of this complication following LS should be the same as 
after OS.

Most importantly, patients who are to undergo elective
splenectomy must be given appropriate vaccines as noted
above (see “Patient Preparation”). OPSI is a condition that oc-
curs most commonly in young children. Other preventive
measures include the use of prophylactic penicillin for all
children less than 2 years of age after splenectomy, and pro-
viding adults with a prescription for penicillin to be filled at
the first onset of symptoms. The role of prophylactic antibi-
otics appears somewhat controversial, especially in light of
low documented compliance rates. Patients who undergo
splenectomy after trauma should undergo vaccination im-
mediately after surgery. Some physicians advise patients to
wear a “Medic-Alert” bracelet.
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Hernias and Abdominal 
Wall Defects

Daniel J. Scott and Daniel B. Jones

Groin Hernias

Definitions

A hernia is a protrusion of visceral contents through the ab-
dominal wall. There are two key components of a hernia. The
first is the defect itself, namely the size and location of the
fascial opening, and the second component is the hernia sac,
which is a protrusion of peritoneum through the defect. The
hernia sac may contain abdominal contents such as small in-
testine, colon, or bladder, or the sac may be empty. A sliding
hernia exists when a retroperitoneal organ, usually the sig-
moid colon, cecum, bladder, or ureter, forms part of the wall
of the sac; these organs may be injured during hernia repair.
A Richter’s hernia exists when the antimesenteric portion of
intestine (not the complete circumference of bowel) protrudes
into the hernia sac. A Littre’s hernia exists when the sac con-
tains a Meckel’s diverticulum. If the sac and its contents can
be returned to the abdominal cavity, a hernia is termed re-
ducible. If it cannot be returned to the abdominal cavity, as
is sometimes the case with a small fascial defect and a large
hernia, the hernia is termed irreducible or incarcerated. If an
irreducible hernia contains intestine or other viscera whose
blood supply is compromised, the hernia is strangulated. This
condition can lead to a life-threatening situation in which the
hernia sac contains gangrenous bowel and requires emergent
exploration.

Anatomy

Successful repair of a groin hernia requires a thorough knowl-
edge of the anatomy of the abdominal wall, inguinal canal,
and femoral canal. The layers of the abdominal wall, from su-
perficial to deep, include skin, Camper’s fascia, Scarpa’s fas-
cia, the external oblique aponeurosis and muscle, the inter-
nal oblique aponeurosis and muscle, the transversus
abdominis aponeurosis and muscle, the transversalis fascia,
the preperitoneal fat, and the peritoneum. These layers con-

tinue in the region of the groin as they form their insertions
in the inguinal canal.

INGUINAL CANAL

Several structures course within the inguinal canal (Fig. 25.1)
and require familiarity to avoid iatrogenic injury during
herniorraphy. The canal contains the spermatic cord in males
and the round ligament of the uterus in females. The canal
lies obliquely between the internal or deep inguinal ring, de-
rived from transversalis fascia, and the external or superficial
inguinal ring, derived from external oblique aponeurosis.

The spermatic cord courses from the internal ring through
the inguinal canal and exits through the external ring to join
the testicle within the scrotum. The spermatic cord contains
multiple structures including the superficial spermatic fascia,
derived from Camper’s and Scarpa’s fascia; the external sper-
matic fascia, derived from external oblique muscle; a circum-
ferential layer of cremaster muscle, derived from internal
oblique muscle; the cremasteric or external spermatic artery;
the internal spermatic fascia, derived from transversalis fascia;
the vas deferens and arteries to the vas deferens; the testicular
or internal spermatic artery, which arises from the aorta just
inferior to the renal arteries; the pampiniform venous plexus,
which coalesces into the testicular veins and drains into the
inferior vena cava on the right and the renal vein on the left;
the ilioinguinal nerve; the genital branch of the genitofemoral
nerve; and sympathetic fibers from the hypogastric plexus.

The inguinal canal can be defined by its borders. The in-
guinal canal is bound anteriorly by the external oblique
aponeurosis, superiorly by internal oblique and transversus
abdominis muscles and aponeuroses, and inferiorly by the in-
guinal and lacunar ligaments. The posterior wall or floor is
formed by transversalis fascia. A defect in this layer may al-
low peritoneum and the contents of the abdominal cavity to
herniate. Hesselbach’s triangle is formed by the inguinal 
ligament laterally, the rectus sheath medially, and the infe-
rior epigastric vessels superiorly (Fig. 25.2). A direct hernia
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FIGURE 25.1.  The left inguinal canal with the external oblique aponeurosis incised and reflected.

protrudes through the floor of the inguinal canal within this
triangle (medial to the inferior epigastric vessels). Thus, a di-
rect hernia is a protrusion of peritoneum through the trans-
versalis fascia; it lies adjacent to (not within) the spermatic
cord. The hernia sac exits the canal with the cord through
the external ring into the scrotum. An indirect hernia forms
lateral to the inferior epigastric vessels. An indirect hernia
lies within the spermatic cord and with the cord it passes
through the internal ring. The hernia sac courses through the
inguinal canal and can exit with the cord through the exter-
nal ring into the scrotum. The sac of an indirect hernia is
usually found on the anteromedial aspect of the cord. Her-
nias with both a direct and an indirect component are called
pantaloon hernias because the two components drape over
the inferior epigastric vessels like the legs of a pair of trousers.

FEMORAL CANAL

A femoral hernia is a visceral protrusion through the femoral
ring, which is bounded laterally by the femoral vein, anteri-
orly by the inguinal ligament, medially by the lacunar liga-
ment, and posteriorly by Cooper’s ligament. The femoral canal
(see Fig. 25.2) represents an extension of the femoral ring for
approximately 2 cm inferiorly into the thigh. The femoral
sheath is derived from transversalis fascia and contains the
femoral artery, vein, and canal. The femoral triangle is
bounded by the inguinal ligament, the sartorius muscle, and
the adductor longus muscle and contains, from lateral to me-
dial, the femoral nerve, artery, vein, “empty” space (femoral
canal), and lymphatics (hence the pneumonic NAVEL).

NERVES

The nerves of the ilioinguinal region arise from the lumbar
plexus, innervate the abdominal musculature, and provide
sensation for the skin and parietal peritoneum. Entrapment

usually causes severe pain, whereas transection results in
numbness. Careful technique and anatomical knowledge are
necessary to avoid nerve injury during herniorraphy. The il-
iohypogastric nerve (T12,L1) emerges from the lateral edge of

Internal
inguinal
ring

Hesselbach’s
triangle

Femoral
canal

FIGURE 25.2.  Indirect inguinal hernias occur through the internal
ring. Direct inguinal hernias occur in Hesselbach’s triangle, which
lies between the inguinal ligament, the rectus sheath, and the infe-
rior epigastric vessels. Femoral hernias occur through the femoral
canal, which lies between the inguinal ligament, the lacunar liga-
ment, Cooper’s ligament, and the femoral vein. Fruchaud’s myo-
pectineal orifice refers to the entire musculoaponeurotic area through
which inguinal and femoral hernias can occur.



the psoas muscle and courses within the layers of the ab-
dominal wall. It penetrates the external oblique muscle
within 1 to 2 cm of the superomedial aspect of the external
ring where it supplies the skin in the suprapubic region 
with sensory fibers.

The ilioinguinal nerve (L1) courses with the iliohypogas-
tric nerve and then joins the spermatic cord or round liga-
ment through the internal and external inguinal rings to in-
nervate the skin of the base of the penis or mons pubis, the
scrotum or labia majora, and the medial aspect of the thigh.

The genitofemoral nerve (L1, L2) runs along the anterior
aspect of the psoas muscle and divides before reaching the in-
ternal inguinal ring. The genital branch penetrates the ilio-
pubic tract lateral to the internal inguinal ring and then en-
ters the ring to join the cord. It supplies the anterior scrotum
with sensory fibers, the cremaster muscle with motor fibers,
and is the efferent limb for the cremasteric reflex. The femoral
branch courses beneath the inguinal ligament to provide sen-
sation to the anteromedial thigh and is the afferent limb for
the cremasteric reflex.

The lateral femoral cutaneous nerve (L2, L3) emerges at
the lateral edge of the psoas muscle, courses along the iliac
fossa, lateral to the iliac vessels, and beneath the iliopubic
tract and inguinal ligament to provide sensation to the lat-
eral thigh. Injury of this nerve may be common with inex-
perienced surgeons performing laparoscopic hernia repair.

The femoral nerve (L2–L4) emerges from the lateral as-
pect of the psoas muscle and courses beneath the inguinal lig-
ament lateral to the femoral vessels and outside of the femoral
sheath to provide motor and sensory innervation for the thigh.
Care must be taken to avoid femoral nerve injury during
femoral hernia repair.

BLOOD VESSELS

The external iliac artery and vein lie on the medial aspect of
the psoas muscle and course deep to the iliopubic tract to
form the femoral artery and vein.

The inferior epigastric artery and vein cross over the il-
iopubic tract at the medial aspect of the internal ring and as-
cend along the posterior surface of the rectus muscles, in-
vested in a fold of peritoneum called the lateral umbilical
ligament. Near its takeoff the inferior epigastric artery gives
off two branches, the cremasteric and the pubic. The cre-
masteric branch penetrates the transversalis fascia and joins
the spermatic cord. The pubic branch courses in a vertical
fashion inferiorly, crossing Cooper’s ligament, and anasto-
moses with the obturator artery.

The testicular vessels follow the ureter into the pelvis on
its lateral border, and then course along the lateral edge of
the external iliac artery, cross the iliopubic tract, and join the
spermatic cord at the lateral aspect of the internal ring. The
testicular veins drain into the inferior vena cava on the right
and the renal vein on the left.

The deferential artery arises from the inferior vesicle
artery, forming a microvascular network with the adventitia
of the vas deferens. The deferential vein drains into the
pampiniform plexus and the vesical plexus.

INGUINAL LIGAMENT

The inguinal ligament or Poupart’s ligament forms from the
thickened lateral inferior edge of the external oblique aponeu-

rosis (see Fig. 25.1). The ligament courses between the ante-
rior superior iliac spine and the pubic tubercle.

ILIOPUBIC TRACT

The iliopubic tract is a thickened lateral extension of the
transversalis fascia, which runs from the superior pubic ra-
mus to the iliopectineal arch. It is anterior to Cooper’s liga-
ment and posterior to the inguinal ligament. Although inti-
mately associated with the inguinal ligament, the iliopubic
tract is a separate structure.

LACUNAR LIGAMENT

The lacunar ligament or Gimbernat’s ligament is the most
inferior and posterior portion of the inguinal ligament. The
ligament is triangular, and its fibers curve to meet Cooper’s
ligament as it inserts onto the pubic symphysis, forming the
medial aspect of the femoral canal.

COOPER’S LIGAMENT

Cooper’s ligament or the pectineal ligament is a condensation
of transversalis fascia and periosteum of the superior pubic
ramus lateral to the pubic tubercle. It is several millimeters
thick, densely adherent to the pubic ramus, and joins the il-
iopubic tract and lacunar ligaments at their medial insertions.

CONJOINED TENDON

The existence of this structure is debated or at least variable,
but it is thought to be a fusion of the lower fibers of the in-
ternal oblique muscle and the aponeurosis of the transversus
abdominis muscle at their insertions onto the pubic tubercle.

PREPERITONEAL SPACE

In both open and laparoscopic preperitoneal approaches to
hernia repair, a sound understanding of the anatomical struc-
tures in the groin from a seemingly reversed perspective are
necessary. The preperitoneal space (Fig. 25.3) is bounded in-
ternally by the peritoneum and externally by the transver-
salis fascia and contains fat, blood vessels, lymphatics, nerves,
and the vas deferens. The testicular vessels and the vas def-
erens at the internal ring form the apex of a theoretical tri-
angle called the triangle of doom. Within this triangle lie the
external iliac artery and vein, as well as the genital and
femoral branches of the genitofemoral nerve, which are hid-
den under peritoneum and transversalis fascia, thus placing
them at high risk of injury. The triangle of pain lies lateral
to this, and its apex is formed inferomedially by the testicu-
lar vessels and superolaterally by the iliopubic tract. Within
this triangle lie the femoral branch of the genitofemoral nerve,
the femoral nerve, and the lateral cutaneous femoral nerve.
Stapling of these structures during a laparoscopic hernia re-
pair results in painful neuralgias and should be avoided.

Etiology

Inguinal hernias may be caused by congenital factors, as in
indirect hernias occurring through a patent processus vagi-
nalis, or in a variety of connective tissue abnormalities, such
as Ehler–Danlos syndrome and Marfan syndrom. In addition,
increased intraabdominal pressure has also been associated
with hernia formation; this is especially true with peritoneal
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dialysis and ascites.1 Obesity and advanced age are also risk
factors. Chronic cough in patients with chronic obstructive
pulmonary disease (COPD), straining in patients with benign
prostatic hyperplasia (BPH) or chronic constipation, or stren-
uous labor may increase the wear-and-tear effect on the ab-
dominal wall and increase the risk of hernia formation.2

Diagnosis

The gold standard for hernia diagnosis is a history and phys-
ical exam. Patients usually complain of a persistent or inter-
mittent bulge in the groin associated with some degree of dis-
comfort, aggravated by physical exertion. If the hernia is
reducible, the pain may wax and wane. A more persistent
pain is typical of an incarcerated hernia. If fever, tachycardia,
exquisite tenderness on palpation, erythema of the overlying
skin, leukocytosis, and obstructive symptoms are present, an
irreducible hernia is likely strangulated and warrants imme-
diate operative intervention.

To examine a patient for a groin hernia, the physician is
seated and the disrobed patient stands and faces the examiner.
First, the groin is visually inspected for evidence of a bulge,
and palpated with the patient straining either by coughing or
by performing a valsalva maneuver. In males, the examiner’s
gloved finger is inserted into the redundant scrotal skin reach-
ing onto the abdominal wall and into the external inguinal
ring, just lateral to the pubic tubercle. During the straining
exercise, an inguinal hernia will be evident as a bulge or mass
pushing downward onto the examiner’s fingertip. In females,
the same examination is performed by inserting the finger into
the labia majus to gain access to the external ring.

A femoral hernia will appear as a mass below the inguinal
ligament in the area medial to the femoral pulse and can be
elicited by similar straining techniques. Femoral hernias may
be difficult to diagnose, especially in obese patients, and a
second opinion is frequently reassuring.

After examining the patient for both an inguinal and
femoral hernia with the patient standing, the patient should be
reexamined in a similar fashion in the supine position. It is im-
portant to note that both groins should be examined to exclude
bilateral hernias. Masses other than hernias must be ruled out,
and this can usually be done by physical exam (Table 25.1).

Epidemiology and Classification

Approximately 680,000 inguinal hernia repairs are performed
annually in the United States.3 More than 90% are performed
on males. Female patients undergo three times as many
femoral repairs as males, although females undergo three
times as many inguinal repairs as femoral repairs. Indirect in-
guinal hernias are more common on the right side, possibly
related to the later descent of the right gonad and delayed clo-
sure of the processus vaginalis.

Multiple classification schemes have been developed; the
most widely accepted is the Nyhus classification (Table 25.2).4

Management

Traditionally, hernias are electively repaired because the nat-
ural history of hernias dictates that they only become larger,

FIGURE 25.3.  The preperitoneal space
as viewed from within the abdomen.
Shaded area A designates the triangle
of pain; shaded area B designates the
triangle of doom. These areas contain
nerves and blood vessels that are at risk
of injury during hernia repair. GFN,
genitofemoral nerve; TAPP, trans-
abdominal preperitoneal laparoscopic 
repair.

TABLE 25.1. Differential Diagnosis of Groin Masses.

Inguinal hernia
Femoral hernia
Lipoma
Lymphadenitis
Lymphadenopathy
Abscess
Hematoma
Varicocele

Hydrocele
Testicular mass
Testicular torsion
Epididymitis
Ectopic testicle
Femoral aneurysm or pseudoaneurysm
Cyst
Seroma



do not resolve spontaneously, and can lead to intestinal ob-
struction or strangulation. The only exception to this dictum
is in patients too debilitated to undergo repair or in patients
whose operative risks are excessively high. 

Generally, it is safe to attempt reduction of an incarcer-
ated hernia in the absence of evidence of strangulation. Anal-
gesics may be required, and Trendelenberg positioning may
be helpful. Any hernia that cannot be successfully reduced
requires prompt operative intervention.

Repairs

ANTERIOR APPROACHES

The goal of all repairs is to close the myofascial defect through
which the hernia protrudes. This closure can be done from a
number of approaches with or without placement of a pros-
thetic mesh. The classic tissue repairs use permanent suture
to reinforce the internal inguinal ring and the floor of the in-
guinal canal and do not employ the use of a prosthesis. These
techniques include the Marcy, Bassini, Shouldice, and McVay
repairs. The Lichtenstein repair uses prosthetic mesh, as does
the plug technique. Common to all these methods is the an-
terior dissection of the inguinal canal and hernia sac, followed
by a myofascial repair, and closure of the canal. The basic
technique of inguinal canal and sac dissection is the same for
all anterior approaches, whereas the repair of the myofascial
defect differs.

After incising and dividing the layers of the anterior ab-
dominal wall to expose the inguinal canal, the spermatic cord
is isolated at the level of the pubic tubercle, and mobilized
to the level of the internal ring. The cord is then dissected by
dividing cremasteric muscle fibers to identify an indirect sac,
if present. The sac is usually found on the anteromedial side
of the cord. The sac is opened and its contents reduced back
into the abdominal cavity. The sac is ligated at its base with
a pursestring suture and amputated. If an indirect sac extends
inferiorly beyond the pubic tubercle, the distal sac should sim-
ply be divided and left open.

If a direct hernia sac is identified, it generally should not
be operated but should be reduced bluntly back into the ab-
dominal cavity and imbricated with one or more sutures placed
superficially in the transversalis fascia. This maneuver effec-
tively avoids injury to any organs such as the colon or bladder,
which may form a sliding component in a direct hernia.

MARCY REPAIR

The Marcy repair refers to a high ligation of the sac and clo-
sure of the internal inguinal ring along its medial aspect, dis-
placing the cord laterally. This technique can be used only to
repair indirect inguinal hernias, and its main utility is in pe-
diatric patients or in adults (especially women) with a small
indirect hernia and minimal damage to the internal ring. Pa-
tients with a direct inguinal hernia require the addition of an-
other type of repair.

BASSINI REPAIR

After a complete and deliberate dissection of the inguinal
canal, the floor is reconstructed by approximating the inter-
nal oblique muscle, the transversus abdominis muscle, and
the transversalis fascia (the Bassini triple layer) with the il-
iopubic tract and shelving edge of the inguinal ligament us-
ing interrupted sutures (Fig. 25.4). This repair may be used
for both indirect and direct inguinal hernias.

SHOULDICE REPAIR

This technique is remarkably similar to the Bassini operation
in that the layers approximated to reconstruct the inguinal
canal floor are the same for both. However, the Shouldice tech-
nique uses a series of running sutures to imbricate the recon-
struction into several layers (Fig. 25.5). As in the Bassini oper-
ation, the cord is mobilized, the cremaster muscle is divided,
a high ligation of the sac is performed, and the transversalis
fascia forming the floor of the inguinal canal is incised. The
floor is reconstructed by placing a series of running sutures to
approximate the lateral edge of the rectus abdominis muscle
near the pubic tubercle, the internal oblique muscle, the trans-
versus abdominis muscle, and the transversalis fascia to the il-
iopubic tract and the shelving edge of the inguinal ligament.

MCVAY (COOPER’S LIGAMENT) REPAIR

The McVay repair approximates the transversus abdominis
arch to Cooper’s ligament, the iliopubic tract, and the inguinal

TABLE 25.2. Nyhus Classification of Groin Hernias.

Type 1. Indirect inguinal hernia—normal internal inguinal ring
Type 2. Indirect inguinal hernia—enlarged internal inguinal ring
but intact inguinal canal floor
Type 3. Posterior wall defect

A. Direct inguinal hernia
B. Indirect inguinal hernia—enlarged internal inguinal ring with

destruction of adjacent inguinal canal floor, e.g., 
massive scrotal, sliding, or pantaloon hernias

C. Femoral hernias
Type 4. Recurrent hernia

A. Direct
B. Indirect
C. Femoral
D. Combined

Inguinal lig.
Transversalis fascia
(incised)

Transversus abd. m.
Internal oblique m.

Ilipubic tract

FIGURE 25.4.  The Bassini repair reconstructs the canal floor using
interrupted sutures to approximate the internal oblique muscle, the
transversus abdominis muscle, and transversalis fascia (Bassini’s
triple layer) with the iliopubic tract and inguinal ligament.
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ligament (Fig. 25.6). The McVay repair may be used for in-
guinal and femoral hernias.

LICHTENSTEIN REPAIR

The Lichtenstein approach is a tension-free method that uses
prosthetic mesh to reinforce the transversalis fascia forming
the canal floor without attempting to use any attenuated na-
tive tissues in the repair (Fig. 25.7). Polypropylene mesh is

trimmed to extend 4 cm lateral to the internal ring and 2 cm
medial to the public tubercle, and is then secured to the in-
guinal ligament laterally and the lateral edge of the rectus
sheath and internal oblique muscle and aponeurosis medially
using permanent monofilament suture. Local anesthesia may
be used, and several studies have shown that this repair en-
ables a quicker return to work, is associated with less post-
operative pain, and has fewer recurrences than tissue repairs.5

The Lichtenstein repair may be used for direct and indirect
inguinal hernias but does not address femoral hernias.

Given the results of several studies which have compared
the tension-free to classical tissue repair techniques, the
Lichtenstein repair has reshaped the way surgeons perform

Inguinal lig.

Iliopubic tract

Internal oblique m.
Transversus abdominis m.
Transversalis fascia

External oblique aponeurosis

Internal oblique m.

FIGURE 25.5.  The Shouldice repair reconstructs the canal floor us-
ing a series of running sutures. A. The first suture is started at the
pubis and run laterally to approximate the internal oblique muscle,
transversus abdominis muscle, and transversalis fascia with the il-
iopubic tract and inguinal ligament. The same suture is reversed at

the level of the internal inguinal ring and run back to the pubis. 
B. A second suture is started at the internal inguinal ring and run
medially to approximate the internal oblique muscle with the ex-
ternal oblique aponeurosis. The same suture is reversed at the pubis
and run back to the internal inguinal ring.

A B

Femoral canal Cooper's lig.

Transversus abd. aponeurosis
and Transversalis fascia

Iliopubic tract
and inguinal lig.

FIGURE 25.6.  The McVay repair reconstructs the canal floor using
interrupted sutures to approximate transversus abdominis aponeuro-
sis and transversalis fascia with Cooper’s ligament, the iliopubic
tract, and the inguinal ligament. Transition sutures in Cooper’s lig-
ament and the anterior femoral fascia close the femoral canal.

Internal oblique
aponeurosis and m.

Inguinal lig.

FIGURE 25.7.  The Lichtenstein repair uses a mesh prosthesis to re-
inforce the canal floor. Tails are fashioned around the spermatic cord
to reconstruct the internal inguinal ring.



open herniorrhaphy. It has reduced patient discomfort and
hernia recurrence rates dramatically. It has also reversed the
notion that bilateral hernias should not be repaired simulta-
neously. The short- and long-term recurrence rates seem bet-
ter than the results previously achieved with tissue repairs.
The procedure is readily reproducible by those who do not
specialize in hernia repair, with comparable excellent results.6

MESH PLUG REPAIR

A variety of techniques have been developed that use a
polypropylene mesh plug to fill the hernia defect and effect
a repair. These techniques are championed as tension free
and are becoming quite popular in combination with a mesh
patch repair. There may be particular utility in using this
approach for recurrent hernias, as remobilization of the cord
may be avoided, which may decrease the risk of ischemic
orchitis.

OPEN PREPERITONEAL APPROACH

Nyhus introduced the open preperitoneal repair in 1960.7 He
has championed this method for the repair of all recurrent and
complicated groin hernias, namely those involving incarcer-
ated or strangulated intestine, as well as for femoral hernias.
For the recurrent hernia, densely scarred tissue in the inguinal
canal is avoided, possibly reducing the risk of nerve injury and
cord damage.8,9 In strangulated hernias, proximal unaffected
intestine can be controlled and necrotic intestine may be iso-
lated before its reduction. The peritoneal cavity can be opened
to perform an intestinal resection and anastamosis. Sliding
hernias can also be readily reduced. For femoral hernias, am-
ple access is afforded to reduce and repair the hernia without
disturbing the floor of the inguinal canal, which is necessi-
tated by anterior approaches. Preperitoneal repairs can be per-
formed both with and without mesh. Although the use of
mesh provides lower recurrence rates, contamination may pre-
clude its use if bowel resection is necessary.

GIANT PROSTHETIC REINFORCEMENT OF THE VISCERAL SAC

(GPRVS OR STOPPA) REPAIR

Placing a giant prosthetic reinforcement of the visceral sac
in the preperitoneal space using a large sheet of unsutured
polyester mesh, is commonly referred to as the Stoppa repair
(Fig. 25.8).10 In contrast to other approaches, no attempt is
made at repairing the musculofascial defect creating the her-
nia.11 Instead, the transversalis fascia is functionally replaced
by the insertion of a large chevron-shaped piece of mesh into
the preperitoneal space after all hernias have been reduced.
The transverse dimension of the mesh is equal to the dis-
tance between both anterior superior iliac spines minus 2
cm. The height is the distance between the umbilicus and
the pubis with an average mesh size of 24 � 16 cm. By ad-
hering to the visceral sac, the mesh renders the peritoneum
indistensible so that it cannot protrude through any abdom-
inal wall defects. The Stoppa repair can be very useful in
complex hernias including recurrent and bilateral hernias,
and hernias at high risk for recurrence such as in patients
with connective tissue disorders, ascites, obesity, or ad-
vanced age. The Stoppa repair is contraindicated if contam-
ination is present because the risk of prosthetic infection is
high.
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LAPAROSCOPIC APPROACHES

Since its introduction, three techniques of laparoscopic repair
have proved more effective and emerged as the most popular.
These techniques are the transabdominal preperitoneal (TAPP),
the intraperitoneal onlay mesh (IPOM), and the totally ex-
traperitoneal (TEP). These repairs approach the myopectineal
orifice posteriorly, similar in anatomical perspective to the
open preperitoneal approaches. A clear understanding of the
anatomy from this perspective (see Fig. 25.3) is crucial to avoid
a number of complications, mainly vascular and nerve in-
juries. Laparoscopy provides a clear view of the entire my-
opectineal orifice, and repairs of both inguinal and femoral
hernias can be performed.

In the TAPP procedure, three trocars are placed through
the abdominal wall into the peritoneal cavity after a pneu-
moperitoneum has been created. The peritoneum cephalad to
the groin is then transversely incised from the median um-
bilical fold to several centimeters lateral to the internal ring,
taking care not to injure the underlying inferior epigastric ves-
sels. The hernia is reduced using blunt dissection and gentle
traction. The vas deferens and testicular vessels are parietal-
ized by carefully freeing them from their proximal and lat-
eral peritoneal attachments. The inferior epigastric vessels are
defined but not completely skeletonized, which can lead to
bleeding. A large piece of polypropylene mesh (at least 10 �
15 cm) is then placed over the entire myopectineal orifice
with generous overlap of its borders, and secured in place with
helical fasteners or staples. The fasteners are applied medi-
ally into the rectus muscle, superiorly to the transversus ab-
dominis arch, inferiorly to Cooper’s ligament up to the me-
dial aspect of the external iliac vein, and laterally to the
iliopubic tract. The peritoneum is reapproximated using sta-
ples or sutures. Care must be taken to completely close the
peritoneum without leaving gaps that can allow small-bowel
entrapment or adherence to the mesh. 

Peritoneum

Mesh prosthesis

Spermatic cord

FIGURE 25.8.  The Stoppa repair uses a large mesh prosthesis to com-
pletely encompass the visceral sac and prevent inguinal or femoral
hernia formation.
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The IPOM repair uses an intraabdominal approach and
places a large piece of mesh against the peritoneum after her-
nia contents have been reduced. The mesh is secured with
staples placed into the same anatomical structures as in the
TAPP repair but is placed in an intraperitoneal position in-
stead of a preperitoneal position.

The TEP technique gains access to the groin via a com-
pletely extraperitoneal approach. A small infraumbilical in-
cision is made and carried down through the anterior rectus
sheath. The rectus muscle is retracted away from the mid-
line and the anterior surface of the posterior rectus sheath is
clearly visualized. A balloon dissector is placed along this sur-
face, advanced inferiorly to the pubic bone, and inflated with
air or saline, creating a working space between the peri-
toneum and the abdominal wall. After the preperitoneal
working space has been developed, a cannula is inserted and
the preperitoneal space is insufflated. Two additional trocars
are placed in the midline under direct visualization without
violation of the peritoneum. The hernia is reduced using blunt
dissection and gentle traction. The remainder of the opera-
tion, including the dissection of the myopectineal orifice,
parietalization of the cord and testicular vessels, and mesh
placement, is identical to the TAPP procedure.

The results of several randomized trials comparing laparo-
scopic and open repairs are summarized in Table 25.3.2,12–22

Many of the data support laparoscopic repairs as being effec-
tive and safe. Although many of the earlier trials had short
follow-up, several of the more recent trials provide encour-
aging results, showing recurrence rates of 0% to 6% at fol-
low-up as long as 28 months (mean).2,13–15

The incidence of complications associated with laparo-
scopic repairs is comparable to or better than that of open re-
pairs, especially after the learning curve has been over-
come.15,21,23–25 Almost all the trials show that laparoscopic
repairs are associated with less postoperative pain and a de-
creased time for return to work, but take longer to perform
and cost more than conventional open repairs. A large,
prospective, randomized VA trial is currently under way to
further compare TEP, TAPP, and Lichtenstein repairs.

Several studies have compared the various types of lap-
aroscopic repairs, as summarized in Table 25.4.27–29 They all
indicate that TAPP, IPOM, and TEP are effective and have
low recurrence rates.

Complications

Complication rates following open inguinal hernia repairs av-
erage 7% to 12%.23 Reports on laparoscopic approaches are
widely variable, but the rates of complications for both con-
ventional and laparoscopic repairs is now thought to be com-
parable.18,21,23–25 It is still important to inform patients that
the long-term durability of laparoscopic repairs may not yet
be known.

RECURRENCE

Ten percent is reported as the average recurrence rate for groin
hernias, although most surgeons boast their rates are well be-
low the average.3 Recurrence rates following conventional re-
pairs vary from 1% to 7% for indirect inguinal hernias, from
4% to 10% for direct inguinal hernias, from 1% to 7% for
femoral hernias, and from 5% to 35% for recurrent hernia re-

pair.3,30 Failure to diagnose multiple hernias at the time of
initial operation, failure to close an enlarged internal ring, and
breakdown of the repair under tension have all been impli-
cated in the causes of recurrences.31,32

For laparoscopic repairs, the reasons for recurrence are sur-
geon inexperience, inadequate dissection, insufficient pros-
thesis size, insufficient prosthesis overlap of hernia defects,
inadequate fixation, prosthesis folding or twisting, missed
hernias or lipomas, and mesh dislodgment secondary to
hematoma formation.2,26,33–35 Recurrence is directly related
to surgeon experience, with failures occurring much more fre-
quently early in the surgeon’s learning curve.2,26,36

NERVE ENTRAPMENT

Injury results in numbness, pain, and parasthesias in the dis-
tribution of the nerve, which can be mild or incapacitating.37

Complete nerve transection is likely to cause only numbness
and little long-term morbidity, whereas partial transection or
entrapment with a staple, suture, or subsequent encroach-
ment by scar tissue is likely to cause neuroma formation and
chronic pain.9,38 Symptoms usually appear immediately post-
operatively and intensify during the first 2 weeks; most 
kresolve within 8 weeks.39 Treatment consists of rest and in-
jections with local anesthetic and corticosteroids until symp-
toms resolve.39 In a minority of patients, symptoms persist,
necessitating exploration and entrapment release or neurec-
tomy.40 The incidence of nerve injuries following conven-
tional open repairs is less than 2%.39–41

Entrapment of the lateral femoral cutaneous nerve is the
most common nerve injury encountered in laparoscopic re-
pairs. It results in pain and numbness in the upper lateral
thigh and is called meralgia paraesthetica.42 To avoid nerve
entrapment, dissection and stapling should be above the il-
iopubic tract. Entrapment of the ilioinguinal, iliohypogastric,
and genital branch of the genitofemoral nerve can be en-
trapped during laparoscopic repairs if excessive pressure is ap-
plied externally during mesh fixation, compressing the mus-
cles enough to allow the staples to reach the nerves.39

ISCHEMIC ORCHITIS/TESTICULAR

ATROPHY/VAS DEFERENS INJURY

Ischemic orchitis is a potentially devastating but rare com-
plication of hernia repair, caused by surgical trauma to the
veins of the spermatic cord. Anterior approaches are more apt
to cause testicular atrophy than posterior approaches because
they require more dissection and handling of the cord. This
complication is more likely to occur in recurrent hernias that
involve scar tissue and a difficult dissection or when the dis-
tal sac is dissected. The result is a swollen and hard cord, tes-
ticle, and epididymis. Fever and leukocytosis may occur, but
infection is not part of the natural history of this phenome-
non. The symptoms become apparent 2 to 5 days postopera-
tively. The pain usually lasts several weeks, but the swelling
and induration may last 4 to 5 months. Ischemic orchitis may
resolve without sequelae, or may cause the testicle to shrink,
resulting in a completely atrophic testicle. There is no known
treatment of ischemic orchitis that prevents progression to
testicular atrophy. Only rarely does the testicle become
necrotic or require removal. An atrophic testicle is painless,
not prone to malignant degeneration, and does not diminish
serum testosterone or fertility.9



The incidence of ischemic orchitis following laparoscopic
repair is not well documented, but is thought to be sufficiently
low because a minimum of cord handling and dissection is re-
quired, similar to the open preperitoneal approach.41

Direct injury to the vas deferens itself can result in in-
fertility if the contralateral side is abnormal. Injury usually
manifests as a painful spermatic granuloma, formed by highly
antigenic spermatozoa once they have escaped the vas. Exci-
sion of the granuloma and microsurgical repair of the vas is
the treatment of choice.24

BOWEL OBSTRUCTION AND INTRAABDOMINAL

ADHESIVE COMPLICATIONS

Unique to the laparoscopic approach is the potential for in-
traabdominal adhesions and intestinal obstruction. There
have been multiple case reports of such occurrences, most of
which followed TAPP repairs, but the overall incidence re-
mains small, of the order of less than 1%.22,43–48

Incisional hernias at trocar sites can occur after laparo-
scopic repairs and cause intestinal obstruction and strangula-
tion.49 They are more common after TAPP repairs, occurring
in up to 1% of patients, necessitating fascial closure of all ports
larger than 5 mm.26,43 Preexisting umbilical hernias can sub-
stantially increase the risk of postoperative umbilical hernias,
despite routine closure, and require additional attention.50

VASCULAR INJURIES

In laparoscopic repairs, the inferior epigastric, external iliac,
femoral, and testicular vessels are at risk. Injuries may result
in intraoperative hemorrhage or may present as postopera-
tive hematomas. The reported incidence of postoperative
hematoma formation is 1% to 8%.24

In open repairs, bleeding is not a common intraoperative
problem, but the incidence of hematoma formation may be
as high as 31%.18 Meticulous efforts to achieve complete he-
mostasis should be made. Hematomas may be self limited or
may necessitate evacuation.

VISCERAL INJURIES

At risk are the small intestine, colon, and bladder, and al-
though rare, injuries to these structures can be the source 
of considerable morbidity, especially if their diagnosis and
treatment are delayed.25 Many of these injuries can occur if
an attempt is made to open the sac of a direct sliding hernia.
If direct sacs are not opened but are simply reduced and in-
verted, the risk of injury may be minimized.

In laparoscopic repairs, risk of injury may be minimized
by bladder decompression with a Foley catheter, use of an open
Hasson cannula technique, insertion of trocars under direct
visualization, and thorough anatomical knowledge with cau-
tious dissection.51 Confining dissection to the area lateral to
the medial umbilical ligament is helpful in avoiding bladder
injury.24 Entering the peritoneal cavity with the TAPP and
IPOM techniques increases the potential for visceral injury.

WOUND INFECTIONS

Hernia repair is regarded as a clean operation and as such
should have an infection rate of less than 2%.52 Antibiotic
prophylaxis has been the area of controversy. For clean cases,
prophylaxis is normally not indicated. However, implanta-
tion of a mesh prosthesis has been used as an indication, and

some surgeons routinely give prophylactic antibiotics to all
hernia repairs.

Special Considerations

FEMORAL REPAIRS

Femoral hernias are much less common than inguinal hernias,
but are more often associated with complicated presentations,
with a 20% incidence of incarceration.23 Some authors have
suggested that the ideal way to repair femoral hernias is via a
preperitoneal approach, either open or laparoscopic.53 This
method facilitates control of hernia contents, avoids the dis-
ruption of the inguinal floor mandated by an anterior approach,
and avoids the difficulty associated with approaching a femoral
hernia through a thigh incision. The McVay repair has been
used, however, with successful results.54 Strangulated femoral
hernias require proximal control, resection, and anastamosis
of intestine and may best be approached through a preperi-
toneal incision or a midline laparotomy.

COMPLICATED GROIN HERNIAS

Approximately 10% of inguinal hernias and 20% of femoral
hernias present incarcerated.23 Incarcerated hernias can cause
intestinal obstruction or strangulation and infarction, result-
ing in a high incidence of infection, hernia recurrence, and
operative mortality, especially in elderly patients. The possi-
bility of such complications has prompted the recommenda-
tion that all hernias be repaired electively and promptly as
soon as the diagnosis is made.55

PEDIATRIC HERNIAS

The incidence of inguinal hernias in children is between 10
and 20 per 1000 live births, with a 4:1 male-to-female ratio.
The overall incidence, incidence of bilaterality, male pre-
dominance, and incidence of incarceration are higher in pre-
mature infants. The incidence of bilaterality is at least 10%
in full-term infants and as high as 55% in premature infants.
The incidence of inguinal hernia in cryptorchid infants ap-
proaches 65%. Approximately 55% to 70% of inguinal her-
nias in children are on the right side, and 1% have a direct
component.56 The higher incidence of right-sided hernias is
thought to be caused by the later descent of the right gonad
and delayed closure of the processus vaginalis. Incarceration
occurs in 9% to 20% of cases, is more frequent in children
less than 6 months of age, and, in the absence of signs of stran-
gulation, can usually be managed by manual reduction fol-
lowed by prompt elective repair. Elective repair is associated
with a much lower incidence of complications compared to
emergent operations, especially in low birth weight infants.
Elective repair should be performed as soon as possible to avoid
reincarceration, which occurs in as many as 16% of cases.57

The most widely accepted repair of pediatric inguinal her-
nias is a high ligation of the sac. This technique alone is usu-
ally sufficient because most pediatric hernias are indirect with
no laxity of the internal ring. If ring laxity exists, a few su-
tures can be placed in the transversalis fascia to approximate
the tissues. Recurrence rates of less than 1% are reported.56

Considerable debate exists concerning routine contralat-
eral groin exploration. Historically, this has been advocated,
given the high incidence of bilaterality. Selective contralat-
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TABLE 25.3.

Prospective Randomized Trials Comparing Laparoscopic and Open Repairs (Level I Evidence).

Average 
Study follow-up No. of Complications

Reference design (months) repairs (not including recurrences) Recurrences

Paganini et al. TAPP vs. 28 TAPP: 52 14 (26.9%) total complications 2
1998, Italy13 Lichtenstein 4 (7.6%) hematoma (3.8%)

1 (1.9%) hydrocele
5 (9.6%) parasthesia
4 (7.6%) seroma*

Licht.: 56 15 (26.7%) total complications 0
8 (14.2%) hematoma
2 (3.5%) hydrocele
5 (8.9%) parasthesia
0 seroma*

Zieren et al. TAPP vs. 25 TAPP: 80 2 (3%) intraop bleeding* 0
1998, Plug & Patch 15 (19%) postop complications
Germany14 vs. Shouldice Plug: 80 12 (15%) postop complications 0

Shouldice: 80 13 (16%) postop complications 0

Liem et al. TEPP vs. open 20.2 TEP: 487 24 (5%) Conversion to 17
1997, (Marcy, Lichtenstein, TAPP or open (3%)*
Netherlands2 Bassini, Shouldice, 54 (11%) total postop

McVay) complications
0 deep wound infection*
10 (2%) chronic pain*
7 (1%) seroma*
3 (1%) pneumoscrotum �1 day

Open: 507 99 (19.5%) total postop 31
complications (6%)*

6 (1%) deep wound infection*
70 (14%) chronic pain*
0 seroma*

Champault et al. TEP vs. Stopps 20.2 TEP: 51 4% total complications* 3
1997, France15 3 (6%) conversions to open (6%)

Stoppa: 49 20% total complications* 1
(2%)

Kald et al. TAPP vs. Shouldice 12 TAPP: 122 8 (6.6%) total complications 0*
1997, 
Sweden16

Shouldice: 89 9 (10.1%) total complications 3
(3.4%)

*

Bessell et al. TEP vs. Shouldice 7.3 TEP: 39 6 conversion to open 2
1966, 3 conversion to TAPP (5.1%)
Australia17 4 (10%) postop complications

Shouldice: 74 7 (9.5%) postop complications 0
Wright et al. TEP vs. open — TEP: 67 6 (9%) conversion to open —
1996, (Lichtenstein or 15 (22%) postop complications
Scotland18 preperitoneal) 1 (2%) hematoma*

0 seroma*

Open: 64 46 (72%) postop complications —
20 (31%) hematoma*
7 (11%) seroma*
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Operative
time Postoperative Return to 
(min) Cost pain work (days) Conclusions/details

66.6 Unilateral $1,249 � pain 15 95% of Lichtenstein repairs performed under local anesthesia.
Primary* score TAPP had less postop pain.

71.1 Unilateral @ 48 TAPP should not be adopted routinely unless its cost can be 
Recurrent h* reduced.

85.7 Bilateral
48.2 Unilateral $306 � 14

Primary* discomfort
41.2 Unilateral @ 7 d,

Recurrent 3 mon
75.9 Bilateral

61* $1,211 16 Plug & Patch and TAPP cause less pain and have faster return to
work than Shouldice; Plug & Patch cost less than TAPP and can

36 $124 18 be performed faster and under local anesthesia.

47 $69 � pain 26*
score
*

45* — � pain 14* TEPP has more rapid recovery and fewer recurrences than open 
score repairs, but takes slightly longer to perform.
*

40* — 21*

“Significantly — � pain 17* 45% bilateral, 43% recurrent.
longer”* score Mesh for TEP was not fixed in place; mesh size increased from

* 6 � 11 cm to 12 � 15 cm due to early recurrences.
� Single piece of mesh for bilateral hernias believed to reduce 
meds recurrence rates.
* TEP has the same long-term recurrence rate as the Stoppa 

— 35* procedure, but confers a real advantage in the early postop 
period.

72* � $483 — 10* TAPP had faster recovery and return to work with comparable 
direct complication rates.
cost TAPP more cost effective if indirect cost compared, which 

included income lost by a delay in return to work.
62* � — 23*

$1,364
indirect

cost
87.5* — �pain 30.5 Study biased because of large crossover to open group.

score Substantial conversion rate to open and TAPP repairs.
* TEPP has significant decrease in pain, equivalent return to work,
� but longer operative time.
meds TEPP alleviates the inherent dangers associated with TAPP, but

further studies needed.
50* — 32
58* — �pain — Acute study focusing on early outcome. No data for length of

score follow-up or recurrences.
* Significant decrease in pain but increased OR time for TEPP.

Significant conversion rate.
� Very high complication rates for both groups.
meds Also looked at pulmonary and metabolic measures; no 

differences found.
45* — —



3 4 6 CHAPTER 25

Average 
Study follow-up No. of Complications

Reference design (months) repairs (not including recurrences) Recurrences

Tschudi et al. TAPP vs. Shouldice 6.7 TAPP: 52 6 (12%) total complications 1
1996, (1.9%)
Switzerland19

Shouldice: 56 9 (16%) total complications 2
(3.5%)

Barkun et al. TAPP or IPOM vs. 14 TAPP: 33 10 (22.5%) total complications 0
1995, open (Bassini, 
Canada20 Mcvay, Shouldice, IPOM: 10

Lichtenstein,
Plug & Patch)

Open: 49 6 (11.9%) total complications 1 (2%)

Vogt et al. 1994, IPOM (with meshed 8 IPOM: 30 5 (17%) total complications 1
US12 PTFE) vs. open 1 (3.3%) bladder perforation (3.3%)

(Bassini, McVay)
Open: 31 5 (16%) total complications 2

(6.4%)

Stoker et al. TAPP vs. open 7 TAPP: 83 6 (8%) total complications* 0
1994, UK21 (nylon darn 1 deep wound infection

plication) 3 persistent pain
1 hematoma

Open: 84 16 (21%) total complications* 0
5 deep wound infection
6 persistent pain
3 hematoma

Payne et al. TAPP vs. 10 TAPP: 48 6 (12%) total complications 0
1994, US22 Lichtenstein 0 groin pain �1 mon.

2 (4%) conversions to open
1 (2%) incarcerated omentum in

peritoneal flap
Licht: 52 9 (18%) total complications 0

4 (8%) groin pain �1 mon.

TAPP, transabdominal preperitoneal approach; IPOM, intraperitoneal onlay mesh repair; TEP, totally extraperitoneal approach; PTFE, polytetrafluoroethylene.
*, Statistically significant.

TABLE 25.3.

(continued )
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Operative
time Postoperative Return to 
(min) Cost pain work (days) Conclusions/details

87 unilateral* — �pain 25 Study biased because patients undergoing open repairs told not
124 bilateral to resume activity for 4–6 weeks.

score
* Significantly less pain with TAPP., but longer OR time.
� Long-term follow-up needed for analysis of recurrences.
meds
*

59 unilateral* — 48
79 bilateral

43 $1,718 � 9.6 Improved quality of life and decreased pain with laparoscopic 
meds repairs, but at increased cost.
* Laparoscopic repairs are feasible and comparable to open repairs.

49 $1,224 10.9

62.5 — � 7.5 Less pain and faster return to work with IPOM, with comparable
med efficacy and morbidity.

Longer follow-up needed.
80.9 — 18.5 Two patients had IPOM under local anesthesia.

50 unilateral* �£168 � 14* TAPP has less pain, faster return to work, and fewer 
92 bilateral pain complications, but increased operative time.

score
* Substantial economic savings in lost work days.
�
meds
*

35 unilateral* 28*
60 bilateral

68 unilateral $3,093 — 9 unilat.* TAPP can be performed with similar operative times and short-
87 bilateral * 7.5 bilat. term recurrence rates, with faster return to work, but an
67 recurrent 11.4 increased cost.

recurr. 90% of Lichtenstein’s used local anesthesia.
Biggest impact on faster return to work and increased ability to

56 unilateral $2,494 — 17 perform straight leg raises seen in manual labor population.*
93 bilateral * unilat.*
73 recurrent 25 bilat.

26
recurr.



TABLE 25.4.

Trials Comparing Different Types of Laparoscopic Repairs.

Average Return
follow-up Complications Operative to work

Reference Study design (months) No. of repairs (not including recurrences) Recurrences time (min) (days) Conclusions/details

Kald et al. Prospective TAPP: TAPP: 393 0 conversions to open 7 80 12* High-quality hernia repairs can be performed 
1997, Nonrandomized 23 31 (7.8%) total complications (1.8%) with both TAPP and TEP.
Sweden26 2 bowel obstructions (at 12 & 

TAPP 19 weeks postop) TEP is technically more difficult but results in 
vs. 3 trocar hernias fewer major complications and a faster return 
TEP to work.
(level II TEP avoids the potential dangers of a trans-
evidence) abdominal approach and may be the procedure 

TEP: TEP: 98 8 conversions to TAPP 0 80 8* of choice.
7 1 conversion to open

7 (8.0%) total complications
0 bowel obstructions
0 trocar hernias

Ramshaw Retrospective TAPP: 300 2 conversions to open 6 TAPP and TEP have acceptable complication 
et al. 1996 32 (10.6%) total complications (2.0%) and recurrence rates, but TEP has fewer.
US27 TAPP 1 enterotomy

vs. 1 cystotomy TEP has the advantage of avoiding entering the 
TEP 1 trocar hernia abdominal cavity and using epidural anesthesia 
(level III 6 parasthesia (47 patients), and is the preferred technique.
evidence)

TEP: 300 2 conversions to open 1
7 conversions to TAPP (0.3%) Previous lower abdominal surgery is a relative
10 (3.3%) total complications contraindication to TEP (all recurrences and 
2 enterotomies visceral injuries occurred in these patients).
1 cystotomy
0 trocar hernia TEP is more technically difficult.
1 parasthesia

3
4

8



Fitzgibbons Prospective 23 TAPP: 562 Total complications 28 — — Laparoscopic hernia repair is effective with 
et al. 1995, Nonrandomized 2 bowel adhesions/obstructions (5%) acceptable early recurrence rates.
US28 5% neuralgias

TAPP TAPP, IPOM, and TEP appear to be equally 
vs. effective, although TEP more difficult 
IPOM (with IPOM: 217 12% neuralgias 11 — — technically.
polypropylene 1 prosthetic infection (5.1%) IPOM and TEP may be better suited for small 
mesh) (appendicitis vs. cecal erosion) indirect inguinal hernias, whereas TAPP may be
vs. better for complicated recurrent hernias.
TEP TEP: 87 0% neuralgias 0 — —

Other procedures can be safely performed at 
2 conversions to open 4.5% 70 — the same time as hernia repair (61 additional 

(level II All three 29.2% total complications unilateral procedures performed with 1 associated 
evidence) groups 5 (0.7%) trocar hernias complication).

analyzed 1 (0.1%) cystotomy 90.6 The incidence of neuralgias decreases with 
together 1 (0.1%) enterotomy bilateral increased surgeon experience.

24 (3.5%) bleeding (2 requiring
transfusion) This seies represents a very well done multi-

6 (0.87%) 2nd abdominal center trial, but the total complication rate is 
procedure required high.
(for bleeding, infection, The authors stress the need for prospective 
adhesion, enterotomy, randomized trials to further evaluate 
neuralgia) laparoscopic repairs.

Felix et al. Retrospective TAPP: TAPP: 733 9 (1.2%) intraabdominal 2 — 7 days Time to return to work was the same in TAPP 
1995, 24 complications (0.3%) for and TEP, but was 8 days for noncompensated 
US29 TAPP 1 bowel obstruction “normal patients vs. 16 days for compensated.

vs. 2 enterotomies activity”
TEP 6 trocar hernias for TEP is less invasive, minimizes the risk of 

10% seroma TAPP intraabdominal complications, and is the 
7 hydroceles and procedure of choice, except for incarcerated 

(level III TEP: TEP: 382 7 (1.8%) conversions to TAPP 1 — TEP hernias and large scrotal hernias, which are 
evidence) 9 1 (1.2%) intraabdominal (0.3%) more easily handled by TAPP.

complications Slit in mesh associated with transient scrotal 
0 bowel obstruction hyperesthesia. Parietalization of the cord more
0 enterotomies easily achieved in TEP, alleviating the need for 
1 trocar hernias (in TAPP a slit in the mesh.
conversion) 50% of all repairs done with double buttress 
10% seroma technique; there were no recurrences but all 
2 hydroceles hydroceles occurred in this group

TAPP, transabdominal preperitoneal approach; IPOM, intraperitoneal onlay mesh repair; TEP, totally extraperitoneal approach.
*, Statistically significant.

3
4

9
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eral exploration on the basis of a laparoscopic evaluation for
a patent processus vaginalis performed through the opened
hernia sac decreases the number of negative explorations and
may be the best option.58

Abdominal Wall Defects

Ventral Hernias

Approximately 90,000 ventral hernias are repaired in the
United States each year.59 Important to remember is the
anatomical structure of the anterior abdominal wall, which
above the semilunar line of Douglas consists of skin, subcu-
taneous fat, anterior rectus sheath, rectus muscle, posterior
rectus sheath, and peritoneum. Below the semilunar line, the
layers are the same except that there is no posterior rectus
sheath. Laterally, the layers are skin, subcutaneous fat, ex-
ternal oblique aponeurosis and muscle, internal oblique
aponeurosis and muscle, traversus abdominis aponeurosis and
muscle, transversalis fascia, and peritoneum. A ventral her-
nia is a defect in the abdominal wall. Ventral hernias present
as a protrusion or bulge and may contain preperitoneal fat or
intestinal contents. The size may range from very small to
massive. Patients may or may not be symptomatic. The fas-
cial edge along the circumference of the defect is usually pal-
pable on exam. In obese patients, a CT scan or ultrasound ex-
amination may help confirm the diagnosis. As with groin
hernias, ventral hernias may present with incarceration,
strangulation, or bowel obstruction; elective repair is pre-
ferred to emergent repair.

Umbilical hernias are caused by an error in the embry-
ological development of the abdominal wall. Umbilical her-
nias occur in 10% to 30% of live births, but frequently close
during the first few years of life. If larger than 2 cm, the like-
lihood of the defect spontaneously closing is much less, and
repair is not delayed. Otherwise, repair is usually postponed
until the child reaches 4 years of age to allow time for spon-
taneous closure. Most infants are asymptomatic, and incar-
ceration or strangulation is extremely rare.56 Repair consists
of simple fascial closure. Defects may persist, become evident
in adulthood, and should be repaired.

Epigastric hernias arise in the upper abdomen along the
linea alba, and usually appears in adulthood, often in associ-
ation with obesity or pregnancy. Epigastric hernias frequently
present as small defects with incarcerated preperitoneal fat
or omentum, causing pain and warranting repair. Diastasis
recti is a condition in which the medial borders of the rectus
muscles slowly spread apart with thinning and stretching of
the rectus sheath, resulting in a diffuse bulge in the upper
midline abdomen. In contrast to epigastric hernias, diastasis
recti is not a fascial defect or hernia per se, and consequently
presents no threat of complication; diastasis recti is merely a
cosmetic deformity. Excision of the thinned fascia and place-
ment of a mesh prosthesis alleviate the deformity.

Incisional hernias occur in at least 2% to 11% of abdom-
inal wound closures.60–62 Many risk factors for developing an
incisional hernia have been cited, including obesity, wound
infection, advanced age, postoperative pulmonary complica-
tions, jaundice, abdominal distension, emergency operation,
reuse of a previous incision, pregnancy, postoperative
chemotherapy, steroids, malnutrition, ascites, and peritoneal
dialysis. Most of these risk factors are associated with exces-

sive strain on the incision or poor wound healing. Wound in-
fection is the most important risk factor, with hernias four
times more likely to occur after a wound infection.63 Obesity
has also been clearly established as a risk factor.62,64 Reuse
of an incision has been shown to double the incidence of sub-
sequent incisional hernias.65 Suture technique has been ex-
tensively studied, with no difference in hernia incidence
shown between continuous and interrupted suture tech-
niques, or layered versus mass wound closure.60,66

REPAIR TECHNIQUES

A variety of repair methods exists and a prosthetic mesh may
or may not be used. In open repairs, the hernia is approached
through a skin incision placed directly over the fascial defect,
usually incorporating the scar from the previous incision. The
sac is dissected free from subcutaneous tissues and the fas-
cial edges. The sac may be opened to facilitate lysis of adhe-
sions and inspection and reduction of sac contents. If possi-
ble, the sac is not completely excised, so that there is a
sufficient amount of sac to close over the intestinal contents.
This method provides protection against adhesive complica-
tions if mesh is to be used in the repair. The superficial and
deep surfaces of the fascia are exposed several centimeters
back from the hernia defect. Attenuated fascia is excised. A
thorough search for concomitant hernias is performed. De-
pending on the type of repair, fascia may then be closed with
or without placing a mesh buttress. Fascia should only be
closed when it can be done so without tension. Closed suc-
tion drains may be placed in the dead space superficial to the
fascia to minimize seroma formation.

PRIMARY REPAIR

Ventral hernias may be repaired by primary closure so long
as the repair can be performed in a tension-free fashion. The
direction of closure is not important. Primary closure is the
preferred technique for umbilical hernias in children and
some small epigastric or umbilical hernias in adults. Perma-
nent suture is used and the fascial edges are approximated.
Unfortunately, the results of primary repair in all but the
smallest of incisional hernias are poor,67,68 with failure rates
as high as 49% to 58%69,70; this is likely because patients
with incisional hernias have fascia that is weakened and that
does not have sufficient tensile strength to hold sutures when
placed under mechanical stress.

MESH ONLAY REPAIR

Significantly better results have been reliably achieved with
mesh repairs, with rates of complications comparable to that
of primary repairs.71 Recurrence rates average 6% for mesh
repairs. In the mesh onlay technique, a mesh prosthesis is
placed superficial to the anterior rectus sheath. The mesh is
then held in place by full-thickness horizontal mattress su-
tures. Ideally, this method allows for a barrier between the
abdominal contents and the mesh to prevent adhesions and
fistula formation.

MESH INLAY AND PATCH REPAIRS

The inlay method of repair places a prosthetic mesh deep to
the posterior rectus fascia. The mesh is placed in either an
intraperitoneal or a preperitoneal position. Mattress sutures



are placed from the deep aspect of the mesh through the ab-
dominal wall. Once all sutures have been placed, they are tied
on the anterior fascial surface. The patch method simply su-
tures the prosthesis to the fascial edge circumferentially. With
either the inlay or patch technique, if the prosthesis is placed
in an intraperitoneal position or, if no tissue can be inter-
posed between bowel and the prosthesis, the potential for ad-
hesions and fistulization is created.

STOPPA REPAIR

Stoppa72 and Wantz73 have both described the use of a giant
Mersilene mesh prosthesis in the repair of large (�10 cm) in-
cisional hernias. This approach is similar to the inlay method
but overlaps the defect by 8 to 10 cm and avoids raising ex-
tensive subcutaneous flaps by passing sutures through sepa-
rate stab incisions. The hernia is reduced, and adhesiolysis is
performed to widely expose the deep surface of the abdomi-
nal wall. Peritoneum is dissected free from the posterior rec-
tus sheath, and the mesh is inserted in the preperitoneal space.
Alternatively, the mesh may be inserted between the poste-
rior rectus sheath and the rectus muscle. Before mesh inser-
tion, the peritoneum, hernia sac, or posterior rectus sheath is
closed to prevent contact between abdominal contents and
mesh, to minimize potential adhesive complications.

LAPAROSCOPIC REPAIR

Laparoscopy has recently gained momentum in the area of
ventral hernias. Most reports describe a transabdominal ap-
proach, placing several trocars in an intraperitoneal position,
reducing the hernia through sharp adhesiolysis and blunt ma-
nipulation, leaving the hernia sac in situ, and using a mesh
prosthesis to close the defect. Mesh is sized externally to pro-
vide at least 2 cm of overlap on all sides of the defect. A su-
ture is placed through each corner and tied, with tails left long.
The skin is marked at the sites where the four corner sutures
will exit, and small stab incisions are made. Mesh is then
rolled and passed intraabdominally through a port, unfolded,
and positioned over the defect. A fascial closure device is
passed through the skin stab incision and used to individually
retrieve the tails of each corner suture. The tails are tied su-
perficial to fascia in a subcutaneous position. Hernia staples
or helical fasteners are used to secure the mesh to peritoneum
and fascia, preventing herniation of bowel or omentum be-
tween the mesh and the abdominal wall.

Although randomized controlled trials are lacking, pre-
liminary reports suggest that this approach is safe and effec-
tive, and may offer a shortened postoperative course and faster
resumption of normal activities, compared to the conven-
tional open approaches.59,74,75

Emergency Abdominal Wall Defects

Abdominal wall closure can be difficult and morbid in the
emergency setting. Emergency closures are often required in
the face of vigorous resuscitation with massive tissue edema
or in the case of tissue loss secondary to trauma, surgical de-
bridement for necrotizing infections, or resection of tumors.
Such wounds may be heavily contaminated, and postopera-
tive wound sepsis is common. Primary fascial approximation
may create a closure under tension and result in abdominal
compartment syndrome, dehiscence, evisceration, or fistula
formation.76,77 A prosthetic repair provides tension-free clo-

sure and is effective in alleviating evisceration and restoring
abdominal wall continuity in the acute phase.78 Prosthetic re-
pairs, however, can be fraught with long-term complications,
such as mesh extrusion or enteric fistulas.

The use of absorbable mesh provides a lower incidence of
fistulization and wound complications but universally leads
to ventral hernias, which must be cared for at a later date.
The proponents of absorbable mesh note that it is effective
in closing acute abdominal wall defects that are contami-
nated. Unlike permanent mesh, absorbable mesh does not
chronically harbor infection; this allows complete clearance
of infection before definitive ventral hernia repair, providing
a better chance of a successful repair. It also provides no resid-
ual foreign body to complicate wound management should a
fistula form.

The ideal method of preventing acute evisceration and
long-term ventral hernia formation in acute full-thickness ab-
dominal wall defects in the face of contamination has yet to
be determined. Much of the evidence supports the use of ab-
sorbable mesh with planned definitive ventral hernia repair
at a later date. A protocol using permanent or absorbable mesh
with early mesh removal, wound coverage, and planned ven-
tral hernia repair yields good results as well but requires an
additional operation for mesh removal.

Other Abdominal Hernias

SPIGELIAN

The Spigelian or semilunar line marks the transition from
muscle to aponeurosis of the transversus abdominis muscle.
The Spigelian fascia lies between this line and the lateral bor-
der of the rectus sheath. A defect in this fascia results in a
Spigelian hernia. As many as 90% are located 0 to 6 cm cra-
nial to the interspinal plane (the horizontal plane through
both anterior iliac spines).79 The defect originates in the trans-
versus abdominis muscle and may or may not involve the
more superficial layers; hernia sac and contents often lie in
an intramural location between the abdominal wall layers and
may not be palpable. Consequently, patients often present
with vague complaints of pain and nonspecific tenderness on
exam. Computed tomography or ultrasound scanning may aid
in the diagnosis. Ultimate diagnosis may not be made until
the time of surgical exploration.

Exploration may be undertaken via an incision directly
over the defect if palpable. If it is nonpalpable, exploration via
a preperitoneal approach through a midline or paramedian in-
cision avoids an extensive subcutaneous dissection. The de-
fect is usually small and can be repaired primarily. Recently,
success has been reported using laparoscopic approaches.80,81

LUMBAR

Lumbar hernias occur either spontaneously, posttraumati-
cally, or as incisional hernias (such as following nephrec-
tomy). These hernias represent defects through the transver-
salis fascia and transversus abdominis muscle aponeurosis.
Retroperitoneal fat or a peritoneum-lined sac may herniate
through the defect. Patients present with a symptomatic pos-
terior bulge but rarely with a strangulated hernia. There are
two lumbar triangles. The inferior or Petit’s triangle is bor-
dered by the latissimus dorsi muscle, the external oblique
muscle, and the iliac crest; it is covered only by superficial
fascia. The superior or Grynfeltt’s triangle is bordered by the
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twelfth rib, internal oblique muscle, and sacrospinalis mus-
cle; it is covered by the lattissimus dorsi muscle.

Repair can be performed primarily if the defect is small,
but a myofascial flap, such as a gluteus maximus fascial flap
for inferior triangle hernias, or mesh repairs are necessary for
larger defects. An oblique incision from the twelfth rib me-
dially to the iliac crest laterally provides adequate exposure.
Recent reports document success with laparoscopic repairs
using mesh.82

PELVIC FLOOR HERNIAS

Pelvic floor hernias include (in decreasing frequency) obtura-
tor, perineal, and sciatic hernias. Obturator hernias occur when
abdominal contents herniate through the obturator canal along
the course of the obturator neurovascular bundle. The obtura-
tor membrane, which covers the obturator foramen and forms
the canal, is indistensible, and herniated bowel often becomes
incarcerated and strangulated. These hernias are most often
seen in emaciated females in their eighth decade, almost al-
ways occurring on the right side. A preoperative diagnosis is
difficult and infrequently made. Patients usually present with
partial or complete acute small bowel obstruction without a
palpable hernia. Rarely a mass may be palpable on the antero-
medial aspect of the thigh or on pelvic and rectal examinations.
Computed tomography or abdominopelvic ultrasound scanning
can confirm the diagnosis. Exploration may be carried out via
a number of incisions, but a lower midline provides the best
exposure for resecting compromised bowel and adequate repair
of the hernia defect.83 The defect may be closed primarily, with
mesh, or by advancing adductor longus muscle flap. Recently
success has also been reported using laparoscopic approaches.84

Even with appropriate operative treatment, mortality rates may
be as high as 75% because of the advanced age and debilitated
states of most patients and delays in diagnosis. Therefore,
prompt treatment should be rendered.85

Perineal hernias may occur spontaneously or as incisional
hernias after procedures such as abdominoperineal resections
or pelvic exenterations. These hernias occur anteriorly in
women, involving the urogenital diaphragm and passing into
the labia majora. Posterior perineal hernias are defects in the
levator ani muscles that occur in the ischiorectal fossa between
the bladder and the rectum. Patients present with soft reducible
masses. A primary repair or a repair with mesh may be per-
formed through either a perineal or an abdominal approach.86

Sciatic hernias, the rarest of all hernias, occur in the
greater or lesser sciatic foramen through a defect in the piri-
formis muscle. Patients may be symptomatic with sciatic
nerve palsy and a palpable mass, or may simply present with
intestinal obstruction. Repair can be performed via a gluteal
approach or a transabdominal approach.87

PARASTOMAL

Parastomal hernias occur through defects adjacent to ostomy
sites. The incidence of paracolostomy hernias is 12% to 32%,
and for paraileostomy hernias is less than 10%.88 Construc-
tion of the ostomy through an appropriately small fascial de-
fect in the rectus sheath and not maturing the ostomy through
the laparotomy incision decrease the risk of subsequent her-
nia formation. The majority of patients are asymptomatic. Pa-
tients may, however, present with obstruction, incarceration,
a poorly fitting appliance, or local pain, warranting repair. Op-
tions include primary fascial repair, prosthetic fascial repair,

or stomal relocation. Local procedures pose an infectious risk
if a prosthetic is used, but avoid a laparotomy and potentially
extensive adhesiolysis. On the other hand, formal laparotomy
alleviates ostomy contamination of prosthetic material and
provides access for repair or relocation. No prospective ran-
domized trials have been performed to date. Because paras-
tomal hernias are generally well tolerated and all types of re-
pair are associated with significant morbidity and high
recurrence rates, repair should be avoided if possible.

INTERNAL HERNIAS

Internal hernias occur when intraperitoneal contents prolapse
through a normal or abnormal orifice. Normally existing ori-
fices include the foramen of Winslow (known as the hernia of
Blandin). Abnormally existing orifices are congenital peri-
toneal fossae and include left and right paraduodenal, perice-
cal, intersigmoid, paravascular, supravesicular, and hernias in-
side the broad ligament of the uterus. These hernias account
for up to 2% of all abdominal hernias.89 Patients present with
a closed-loop intestinal obstruction, and diagnosis is usually
made at the time of operation. The operation involves reduc-
tion of incarcerated bowel, resection of nonviable segments,
and primary closure of the hernia orifice.

Internal hernias may also be iatrogenic, occurring after a
previous operation in which a defect in mesentery or omen-
tum was not adequately closed. If such a hernia occurs, re-
duction and closure are necessary at laparotomy.

CONGENITAL ABDOMINAL WALL DEFECTS

Gastroschisis refers to herniation of the abdominal viscera
without a sac and in the presence of an intact umbilical cord.
It is now thought to be a separate entity from omphalocele.
It is twice as common as omphalocele but associated with
half as many anomalies. The most common associated anom-
aly is intestinal atresia, which is present in 10% of cases. The
eviscerated intestine is edematous, matted with fibrinous ad-
hesions, and shortened, resulting in intestinal absorptive and
motility dysfunction.90 Repair can be performed by primary
fascial closure or a staged procedure with closure of skin fol-
lowed by subsequent fascial closure. Gentle stretching of the
abdominal wall can enlarge the abdominal cavity and help fa-
cilitate repair. If visceroabdominal disproportion is severe, the
eviscerated intestine is enclosed within a prosthetic silo at-
tached at its base to the abdominal wall. As the edema di-
minishes, sequential compression of the top of the silo re-
turns the herniated contents into the abdomen and allows
fascial closure. Mortality is less than 10%.

Omphalocele refers to herniation of the abdominal vis-
cera into the umbilical cord, resulting in a sac lined inter-
nally by peritoneum and externally by amnion. Structural and
chromosomal anomalies are present in up to 50% of cases.
Repair of the abdominal defect can be performed similar to
the methods used for gastroschisis. The severity of associated
anomalies largely determines long-term survival.

CONGENITAL DIAPHRAGMATIC HERNIAS

Congenital diaphragmatic hernias occur in 1 of every 2100
pregnancies (including spontaneously aborted pregnancies)
and 1 of every 4800 live births.91 They can be characterized
by their location. Bochdalek’s hernias are located posterolat-
erally and Morgagni hernias are located anteriorly.



Bochdalek’s hernias occur between the costal and spinal
diaphragmatic attachments and account for the majority of
congenital diaphragmatic hernias. Nonrotation of the intes-
tine is usually associated with the defect. Hernia contents are
enclosed within a sac in only 10% to 20% of cases. Because
abdominal contents occupy the thoracic cavity during fetal
development, pulmonary hypoplasia can be severe. Mortality
rates are as high as 80% in the first month of life. Repair is
via an abdominal approach and consists of reduction of her-
nia contents, sac excision, primary or prosthetic (usually
PTFE) diaphragm repair, and a Ladd procedure. Occasionally,
Bochdalek’s hernias may be diagnosed in older children ex-
hibiting only mild symptoms. Elective repair is indicated to
avoid potential complications.

Morgagni hernias occur between the sternal and costal di-
aphragmatic attachments in a retrosternal or parasternal po-
sition. Associated cardiac anomalies are frequent. Contents
are usually enclosed within a sac, and 90% of hernias are
right-sided. In infants, respiratory distress is usually present.
When discovered in adults, symptoms are often mild or ab-
sent. Repair is indicated in all cases to prevent incarceration.
The repair can be performed via an abdominal or thoracic ap-
proach, similar to the repair of Bochdalek’s hernias. Recently,
success in adult patients has been reported using laparoscopic
approaches.92
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Abdominal
Trauma

Robert C. Mackersie

Traumatic injury remains the great killer of young
adults, accounting for a greater percentage of produc-
tive years of life lost than heart disease and cancer

combined. Of all the injury-related deaths in the United
States, approximately 39% involve blunt impact injury, prin-
cipally vehicular accidents, falls, and pedestrians struck by
motor vehicles. Interpersonal assault and violence, principally
stab wounds and gunshot wounds, account for the bulk of
penetrating trauma deaths, representing approximately 25%.
The remainder of injury-related deaths are caused by burns,
drowning, strangulation, or poisoning.1 Abdominal injuries
have been reported to occur in approximately 25% of major
trauma victims, and often involve multiple organ injuries
(Table 26.1A).2 Multiple system injuries involving head
and/or thoracic injuries are common, and may complicate the
management of abdominal injuries (Table 26.1B).

The principal causes of morbidity and mortality in ab-
dominal trauma are associated with delays in diagnosis or
treatment. They have been identified as (1) hemorrhage, as
might occur with hepatic, splenic, or mesenteric injuries, and
(2) secondary inflammatory injury, sepsis, and multiple organ
failure (MOF) syndromes as may occur with bowel, pancreas,
or biliary tract injuries.3

Initial Management

The initial management of abdominal injuries begins with
the rapid restoration of cardiopulmonary function and the pri-
oritized management of airway, breathing, and circulation.
Rapid identification and control of major hemorrhage and the
identification and treatment of traumatic brain injury (TBI)
are typically the two most important diagnostic and thera-
peutic goals. Resuscitation from compensated and decom-
pensated shock, neurological injury, and airway management
are discussed in detail in other chapters.

The initial clinical presentation may include signs of com-
pensated (“normal” blood pressure) or decompensated (hy-

potension) hemorrhagic shock. Decompensated shock is more
clinically overt but may be overlooked in the presence of on-
going fluid resuscitation. Persistent or recurrent hypotension
(systolic BP �90–100) or relative hypotension (more than a
40-mmHg blood pressure drop from expected) usually repre-
sent clear evidence of decompensated shock. In many cases,
during the course of fluid resuscitation, blood pressure re-
sponds (increases) and then decreases, producing a classical
“saw-toothed” pattern reflecting ongoing hemorrhage. Under
most circumstances, decompensated hemorrhagic shock of
this type should be regarded as potential impending death. In
the absence of other suspected sources of major hemorrhage
(e.g., chest, pelvis), immediate resuscitation with blood and
blood products and direct transport to the operative room for
exploratory laparatomy offer the best opportunity for survival.
Compensated shock, occurring in the absence of significant
decreases in systolic blood pressure, may be manifested by
more subtle clinical findings such as narrowed pulse pressure,
tachycardia, decreased capillary refill, cool extremities, or ab-
normally high arterial base deficit.

In addition to hemorrhagic shock from a suspected ab-
dominal source, relative indications for immediate operative
exploration include (1) signs of peritonitis, (2) evisceration, (3)
chest radiographic evidence of diaphragmatic rupture, (3) ab-
dominal impalement, and (4) ALL gunshot wounds to the ab-
domen unless substantial suspicion exists that the wounds
are tangential and extraabdominal. Under these circum-
stances, patients should be transported immediately to the
operating room following initial airway management, estab-
lishment of large-bore resuscitative intravenous catheters,
and immediate institution of fluid and blood therapy.

Initial Diagnostic Evaluation

Unlike the head, chest, and, to a lesser extent, the pelvis,
the abdomen is a frequent location of occult injury that
may not be manifested initially by physical findings, lab
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studies, or routine radiographic evaluation. Thus, it is per-
haps not surprising that one of the most common errors
made during the resuscitative phase of trauma evaluation
is a failure to adequately evaluate the abdomen.4 As the
morbidity and mortality of intraabdominal traumatic in-
juries are often associated with delayed or misdiagnosis,
the guiding philosophy in the evaluation of abdominal
trauma is the avoidance of missed injuries or delayed di-
agnoses through the liberal use of objective diagnostic eval-
uation. Objective diagnostic studies are those that rely on
well-defined radiographic or laboratory findings or discrete
observations: diagnostic peritoneal lavage (DPL), computed
tomography (CT scan), ultrasonography, diagnostic lap-
aroscopy, and local wound exploration for penetrating
trauma patients.

Laboratory studies in the setting of acute abdominal
trauma may be of limited value. Serial measurement of he-
moglobin/hematocrit is a useful monitor of hemorrhage over
a period of time, but rapid hemorrhage or crystalloid hemo-
dilution in the absence of major hemorrhage may produce
misleading false-negative and false-positive results, respec-
tively. Arterial base deficit provides an accessible index of
metabolic acidosis (lactate accumulation) in the setting of ma-
jor hemorrhage and is an important indicator of major hem-
orrhage. Coagulation studies may be important for the early
detection of injury-induced coagulopathy, particularly from
organ injuries associated with high tissue thromboplastin
(brain, liver, long bones).

In addition to standardized “trauma blood studies,” all
major trauma patients, and particularly those with evidence
of significant blood loss or serious injury, should have ap-
propriate blood and blood products available, requiring a
blood specimen to be obtained early during resuscitation.
Routine type and cross-matching for major trauma patients,
however, is relatively contraindicated by time constraints.
The principal determining factor dictating the blood bank
process for releasing allogenic blood should be the time
needed to transfusion. Immediate transfusion mandates 
uncrossed-matched type O. Emergent transfusion needs may
be met by using (ABO) type-specific uncross-matched blood,

and urgent needs may allow for typing and major antigen
screening. 

Diagnostic Peritoneal Lavage

DPL, originally introduced in 1965 by Root et al.,5 is per-
formed by the insertion of a small flexible catheter into the
peritoneal cavity, the installation of 1000 ml saline solution,
and the passive (siphon) return of the lavasate with quan-
tatative analysis of the constituents. The incidence of com-
plications is typically less than 1% with a high degree of sen-
sitivity (Table 26.2).5–18 DPL has the advantage of being a very
rapid test, usually performed in less than 10 min. It has been
strongly advocated for use in patients with shock or with
other serious organ injury.19

Cell count thresholds for blunt abdominal trauma vary
somewhat, with the threshold for a positive lavage generally
set at 100,000 cells/mm3 on lavasate return. This has resulted
in high sensitivity, and a low incidence of false-negative ex-
ams, with an acceptable incidence of nontherapeutic laparot-
omy (see Table 26.2). Diagnostic peritoneal lavage thresholds
for penetrating trauma are somewhat more controversial, vary-
ing in reported series from 1,000 to as high as 50,000 cells/mm3.
High thresholds result in higher incidence of delayed diagnoses
and potential missed injuries but a very low incidence of non-
therapeutic laparotomy, whereas low cell count thresholds
miss very few injuries but result in a relatively higher inci-
dence of nontherapeutic laparotomies. Establishment of diag-
nostic threshold for penetrating abdominal trauma, therefore,
is to a large degree a function of philosophy and institutional
experience. 

Computed Tomography

The principal advantages of CT for blunt abdominal trauma
relate to its high degree of sensitivity and specificity in stag-
ing solid organ injuries (liver, spleen, kidney), thereby per-
mitting expectant (nonoperative) management of injuries se-
lected, in part, based on the CT scan (Table 26.2). Injuries to
the retroperitoneal structures (kidney, pancreas, pelvic frac-
tures) are usually well defined by the CT scan as compared
to DPL. The principal pitfalls of CT scanning for blunt ab-
dominal trauma are its ability to miss small amounts of free
intraperitoneal fluid associated with blunt intestinal in-
jury,20,21 the requirement that the patient be transported to
a relatively unmonitored portion of the hospital and the time
required for completion of this study. This makes the use of
CT relatively contraindicated, at most centers, for patients in
decompensated shock. 

Ultrasonography (US)

Use of ultrasonography in blunt injury, principally for the de-
tection of hemoperitoneum, has been associated with good
sensitivity as experience has accumulated (see Table 26.2).
The focused abdominal ultrasound for trauma (FAST) has
been developed as a protocol-driven US exam for the primary
purpose of detecting hemoperitoneum and hemopericardium.
In this exam, the hepatic and splenic gutters, pelvis, and 
pericardium are examined for fluid (blood) (Fig. 26.1). The 
advantages of US are its speed and convenience (given 
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TABLE 26.1A. Representative Incidence of Intraabdominal 
Injuries Requiring Exploratory Laparotomy for Blunt and 
Penetrating Injuries.

Blunt (%) Penetrating (%)

Spleen 47 7
Liver/biliary 51 28
Pancreas or duodenum 10 11
Colon 5 23
Stomach or small bowel 9 42

TABLE 26.1B. Approximate Incidence of Combined Regional 
Injuries with Blunt Abdominal Trauma (SFGH 1994–1998).

Head injuries 23%
Thoracic injuries 11%
Axial spine/spinal cord injuries 8%
Pelvic fractures 21%
Major long bone fractures 31%



TABLE 26.2.

Comparison of Diagnostic Methods for Evaluating Blunt and Penetrating Abdominal Trauma.

Time Sensitivity
required {specificity}

Test (min) Pros Cons & injury type Reference Utility: blunt vs. penetrating

Diagnostic 5–15 97% {99%} blunt Alyono6 Good sensitivity for both blunt and
peritoneal 85–93% {67–99} pen Alyono6 penetrating trauma. Nonspecific 
lavage (DPL) 99% {43%} penetr Oreskovich7 for both. Sensitivity and specificity

99% {86%} penetr Merlotti8 highly dependent on cell count
100% {84%} blunt Liu9 criteria used.

Abdominal CT 30–50 Good sensitivity and specificity for
85% {100} blunt Fabian10 blunt injuries and most posterior
99% {100} blunt Peitzman11 penetrating injuries. Insensitive for
97% {95} blunt Liu9 anterior penetrating injuries.

Abdominal 5–10 92% {95} Liu9 Good sensitivity for clinically
ultrasonography 83% {100} McKenney12 significant blunt injuries. Poor
(FAST) 95% {95} Yoshii13 sensitivity for penetrating injuries.

97% {97} Singh14

82% {99} Rozycki15

Diagnostic 20–60�� 88% liver/spleen Ortega16 Good sensitivity for peritoneal
laparoscopy 83% diaphragm Ortega16 penetration, hemoperitoneum, &
(DL) 50% panc/kidney Ortega16 diaphragmatic injuries. Poor

25% hollow viscous Ortega16 sensitivity for GI and retro-
100% periton penetr Sosa17 peritoneal injuries.
18% GI injuries Ivatury18

Fast. Very sensitive. Minimal equip-
ment required. Specialized training
not required. May be performed in 
a variety of locations. Results are
quantitative, objective, and opera-
tor-independent.
Very specific with good sensitivity.
Good for evaluating posterior (back
& flank, retroperitoneal) injuries.
Allows staging of blunt organ in-
juries for nonoperative manage-
ment. Most major injuries operator
(reader) independent.

Fast. Sensitive for hemoperitoneum
in experienced hands. Noninvasive
& no contrast required. May be per-
formed in a variety of locations if
equipment is available.
Excellent for diagnosis of diaphrag-
matic injuries. Good for nonquanti-
tative dx. of hemoperitoneum. Good
for determining peritoneal penetra-
tion for SW/GSW. High degree of
injury specificity when visualized.

Invasive. Not recommended if prior
laparotomy. Not injury specific. May
miss retroperitoneal and diaphragm
injuries.

Not useful for most anterior pene-
trating injuries. Requires time and
patient transport. Some operator
(reader) dependence. May miss blunt
intestinal injuries and, initially,
some pancreatic injuries. Limited
finding-specific or quantitative crite-
ria mandating operation exist.
Not useful for penetrating injuries.
Requires immediately accessible
equipment & specialized training &
experience. Nonquantitative and
substantially operator dependent.
Invasive. Poor sensitivity for some
injuries. Requires specialized train-
ing, experience, and equipment. Non-
quantitative and substantially opera-
tor dependent. Typically requires
more conscious sedation than other
methods. General anesthesia may be
needed in some circumstances.
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equipment availability), but it requires specialized training
and proctored experience.

Laparoscopy for Abdominal Trauma

As technical improvements have expanded the use of la-
paroscopy in recent years, efforts have been made to apply
these minimally invasive techniques to the diagnosis and, in
some cases, the treatment of abdominal injuries. Although
the specificity is good, the diagnostic sensitivity for hollow
viscous or retroperitoneal injuries has been unacceptably low,
making it ill advised as a definitive diagnostic test for pene-
trating abdominal trauma. 

The use of diagnostic laparoscopy (DL) in blunt abdomi-
nal trauma has not been associated with higher sensitivity or
specificity than that obtained with CT scan, but does offer
the potential for therapeutic intervention for solid organ in-
juries and possibly selected diaphragm injuries.24,25

Until better techniques utilizing DL are developed, its
principal advantage appears to be for the evaluation of tan-
gential gunshot wounds to the abdomen that might otherwise
require laparotomy and for the assessment of potential di-
aphragmatic injuries which may be missed by both CT scans
and DPL. 

Protocol for the Evaluation 
of Blunt Abdominal Trauma

The specific diagnostic processes and methods used for ab-
dominal trauma vary from institution to institution depend-
ing on expertise, equipment availability, patient population,
historical experience, and, to a certain degree, physician pref-
erence. One such process algorithm for the initial evaluation
of blunt abdominal trauma is shown in Fig. 26.2. 

Protocol for the Evaluation of 
Penetrating Abdominal Trauma

With respect to penetrating injuries, the “abdomen” should
more appropriately be considered the torso, with anterior
boundaries extending from the nipple line to the inguinal lig-

ament and posterior boundaries extending from the inferior
tip of the scapula to the inferior gluteal fold. Most penetrat-
ing injuries consist of firearm injuries (gunshot wounds) or
piercing-type injuries (stab wounds). With a 95�% incidence
of associated serious intraabdominal injuries, all gunshot
wounds to the abdomen should undergo exploratory laparot-
omy with the exception of those strongly suspected to be tan-
gential in nature. Although blast injury to hollow viscous
structures may occur occasionally, most of these patients may
be treated nonoperatively. The use of diagnostic laparoscopy
has been used successfully to evaluate the potential for blast
injury and the presence of peritoneal penetration in wounds
more difficult to assess.

Stab wounds to the abdomen may be stratified into those
involving the anterior abdomen (anterior to the midaxillary
line) and those involving the back and flank (posterior to the
midaxillary line). Stab wound patients with clear clinical signs
of shock, evisceration, or peritonitis should go directly to the
operating room. Wounds penetrating the anterior fascia should
prompt further diagnostic evaluation. It is recommended that
patients without previous major abdominal incisions, and
with positive local wound explorations, in the absence of other
operative indications should undergo routine diagnostic peri-
toneal lavage to exclude significant intraperitoneal injuries
from anterior abdominal stab wounds (Fig. 26.3).

Posterior stab wounds to the back and flank are more prob-
lematic due to the relative low incidence of significant injury
(typically �15%) associated with stab wounds to this area.26

The optimal method of evaluating these injuries remains un-
clear. Diagnostic peritoneal lavage and computed tomography
have both been used successfully. CT scanning has the ad-
vantage of providing better imaging of retroperitoneal struc-
tures, including the kidneys. While it is the preferred method
at many centers, the low incidence of major injury and cost
have restricted its more widespread use.27–29

Intraoperative Management 
of Specific Injuries

Although the majority of abdominal operations for trauma
may be conducted under routine, carefully controlled cir-
cumstances, this may not always be possible in patients with
life-threatening hemorrhage or severe multiple system in-
juries. Special consideration should be given to the effects of
general anesthesia and positive pressure ventilation in these
patients, as well as the potential need for access to the chest
for specific abdominal injuries (Table 26.3).

The principal technical objective for abdominal explo-
ration for penetrating trauma is to carefully examine the path
or potential path of the stab or gunshot wound until (1) the
tract is completely defined and all injuries treated, or (2) the
wound tract is found to pass beyond any vital structures, or
(3) all structures possibly subject to injury are completely
evaluated. This “trace-the-track” approach coupled with a
systematic evaluation of all intraperitoneal and retroperi-
toneal structures is critical to avoid missed intraabdominal
injuries.

Damage Control

Experience in recent years has suggested that prolongation of
operative procedures in the setting of major intraabdominal
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FIGURE 26.1.  Focused abdominal sonography for trauma (FAST)
exam showing four areas of examination.



vascular or hepatic injuries and massive transfusion have been
associated with worsening metabolic acidosis, coagulapathy,
hypothermia, and early mortality. In “damage control” mode,
definitive control and repair of all injuries are deferred and
the operative procedure concluded. A variety of techniques
have been utilized, including hepatic packing (discussed later
in this chapter), preemptory splenectomy, stapled control of
GI laceration (often deferring reanastomosis), ligation of (care-
fully selected) vascular injuries, and tamponade packing of
other areas of dissection or injury. Preliminary data suggest
that this strategic approach to severe, multiple abdominal in-
juries may improve outcome.30,31 Timing for planned return
to the operating room is generally based on the correction of
coagulopathy and metabolic derangements and the specific
injuries left incompletely treated.32

Hepatic Injuries

Along with vascular injuries, hepatic injuries are a leading
cause of attributable death from intraabdominal injuries in
patients surviving to hospital arrival. The potential lethality
of these injuries stems from inherent difficulties in gaining
rapid hepatic vascular control, operative accessibility, and the
high frequency of multiple bleeding sites and associated in-
juries. The key elements in the management of hepatic in-
juries are outlined in Table 26.4. Hepatic injuries may be
graded (grades 1–6) according to size, location, and involve-
ment of vascular structures.33

Perhaps the most important development in the manage-
ment of hepatic injuries over the past decade has been an in-
creased trend toward nonoperative management in carefully se-
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FIGURE 26.2.  Suggested algorithm for the evaluation of blunt abdominal trauma.



lected patients.34 This trend has resulted from a number of fac-
tors, including the increasing use of CT scanning in blunt ab-
dominal trauma and the ability to better define the extent of
injury and degree of associated hemorrhage. Hepatic injury pa-
tients without clinical signs of shock (compensated or decom-

pensated), ongoing hemorrhage (continued transfusion require-
ments or active extravasation of intravascular contrast seen on
CT scan), massive hemoperitoneum, or other findings man-
dating operative exploration (e.g., peritonitis, free air), may be
managed nonoperatively with close physiological monitoring. 
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FIGURE 26.3.  Suggested algorithm for the evaluation of penetrating abdominal trauma.

TABLE 26.3. Initial Considerations in the Operative Management of Major Abdominal Trauma.

Positioning & preparation “Chin to knees”: for combined or severe abdominal injuries. Consider 30° lateral rotation for combined 
thoracoabdominal injuries.

Induction of GA Positive pressure ventilation increases mean intrathoracic pressure, decreases venous return, and may 
worsen hypotension or even precipitate hypotensive arrest in severe cases. Surgical team should be
scrubbed and in attendance.

Control of profound Proximal aortic control may be needed. Options include thoracotomy vs. abdominal approach.
hypotension
Incision Midline for virtually all injuries.
Initial maneuvers • Pack control of hemorrhage (all 4 quadrants)

• Immediate solid organ assessment (blunt)
• Immediate assessment of proximal mesentery & retroperitoneum for major vascular injury (penetrating)

Exploratory maneuvers • Mobilization of right & left colon & organ block, to midline as needed (Catel/Mattox) (colon, vascular 
(used as needed) injuries)

• Mobilization of spleen & pancreatic tail (spleen, pancreatic injuries)
• “Kocherization” of duodenum & pancreatic head
• Lesser sac exploration (body of pancreas)
• Mobilization of right & left triangular (hepatic) ligaments � falciform.
• Proximal control of renal a. & v. followed by mobilization of kidney (renal injuries)



Splenic Injuries

Splenic injuries are among the more common, are poten-
tially life threatening when encountered following major 
abdominal trauma, and are an important cause of potentially 
preventable morbidity and mortality in nontrauma systems.
Injuries may be relatively occult without symptoms of ab-
dominal pain or early signs of hemorrhage. Splenic injuries
are typically described by grade (1–5),33 which is a function of
size, and by location. CT scanning offers the best means of di-
agnosis and grading of splenic injuries, with DPL reserved for
penetrating injuries or those blunt trauma patients presenting
with clinical signs of shock potentially attributable to intra-
abdominal injury. Splenectomy remains the definitive treat-
ment for major splenic injuries, and may be rapidly and eas-
ily accomplished by mobilization of the spleen with ligation

or division of the hilar and short gastric vessels and avoidance
of iatrogenic injury to the pancreatic tail.

Splenic repair (splenorrhaphy) is generally performed for
controlled splenic hemorrhage and may be accomplished
through a variety of technical means, including simple suture,
pledgeted suture, or absorbable mesh wrap, or through the use
of topical hemostatic agents (fibrin glue, topical collagen, foam-
adsorbed thrombin, etc.) The technical results with splenor-
rhaphy have been good, with a low incidence of reoperation
and an estimated 70% to 90% intraoperative success rate. 

Although more time consuming, the rationale for splen-
orrhaphy is related to the observations that splenectomy for
trauma acts to compromise immune function and has been
associated with a higher incidence of posttraumatic infectious
complications35 including overwhelming postsplenectomy
sepsis (OPSS).
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TABLE 26.4. Key Elements in the Intraoperative Management of Specific Abdominal Injuries.

Hepatic injuries
Principal therapeutic goals Control of hemorrhage, control/containment of biliary drainage.
Diagnosis/staging CT staging preferred if possible for blunt injury. Selection for nonoperative management

based on clinical behavior & CT findings. DPL or U/S(blunt) if unstable. DPL for SW.
Intraoperative maneuvers Packing. Inflow occlusion (Pringle). Hepatic mobilization. Sternotomy extension for 

(options) for control & access exposure. Hepatic isolation (including aortic clamp) or atrial-caval shunt.
Therapeutic options (singly or in Simple hepatorraphy. Packing w/planned return to OR. “Hepatotomy or wound tractotomy”

combination) w/oversew of bleeding. R. hepatic artery ligation for selected injuries. Resectional
debridement if necessary.

Splenic injuries
Principal therapeutic goals Control of hemorrhage. Preservation of splenic function if possible.
Diagnosis/staging Same as for hepatic injuries. Lower threshold for operative intervention based on CT.
Intraoperative maneuvers Complete mobilization of spleen. Proximal hilar control. Necessary for splenectomy or

(options) for control & access splenorrhaphy.
Therapeutic options Splenectomy. Splenorrhaphy: suture, pledgets, wrapping, partial splenectomy.

Pancreatic injuries
Principal therapeutic goals Control of associated hemorrhage. Control of exocrine secretions.
Diagnosis/staging CT for diagnosis. (Injuries may be missed by DPL.) Threshold for operative exploration

should be low. DPL or U/S if unstable. DPL for SW.
Intraoperative maneuvers Complete exposure of area of suspected injury. Thorough assessment of major pancreatic

(options) for control & access duct (MPD) injury (inspection, pancreatogram, ERCP).
Therapeutic options Drainage only (contusions, minor lacerations). Distal resection (MPD injuries) of body/tail.

Drainage w/sphincterotomy vs. resection (Whipple) for major injuries to pancreatic head.
Duodenal injuries

Principal therapeutic goals Control of associated hemorrhage. Control of GI secretions with reestablishment of duodenal 
continuity. Maximizing suture line durability.

Diagnosis/staging Same as for pancreas. Isolated intramural hematomas may be treated expectantly. Low
threshold for operative exploration. DPL or U/S if unstable. DPL for SW.

Intraoperative maneuvers Complete mobilization of duodenum: Kocher � ligament of Trietz takedown as needed.
(options) for control & access

Therapeutic options Simple repair. Repair w/tube duodenostomy. “Jordan” modified diversion (see text). Roux-
en-Y jejunoduodenostomy for augmentation. Resection for combined pancreatic head
injuries only.

Colorectal injuries
Principal therapeutic goals Reestablishment of GI continuity. Prevention of colon-related septic complications.
Diagnosis/staging CT poor for diagnosis of hollow-viscous injuries. DPL for SW.
Intraoperative maneuvers Complete mobilization of involved region of colon. Flexible sigmoidoscopy for rectal

(options) for control & access evaluation.
Therapeutic options Primary repair for most penetrating colon & selected rectal injuries. Diversion � repair/

resection reserved for more severe combined injuries (colon) & most rectal injuries.
Retroperitoneal hematoma

Principal therapeutic goals Control of hemorrhage, avoidance of missed injuries.
Diagnosis/staging CT preop. DPL insensitive and nonspecific. Hematomas graded according to location:

central, pelvic, perinephric.
Intraoperative maneuvers Retroperitoneal exploration indicated for all central hematomas. Exploration indicated for all

(options) for control & access large, expanding, or pulsatile perinephric hematomas. Pelvic fracture hematomas may be
packed if necessary, but should be explored only for suspected major vascular injuries.

Therapeutic options Repair of associated vascular, pancreatic, or renal injuries. Pelvic fracture hemorrhage
controlled by angiography � embolization � pelvic external fixation.



The nonoperative management of blunt splenic injuries,
a practice once confined almost exclusively to children, has
been extended to adults in more recent years. Patients to
be considered reasonable candidates for nonoperative
splenic management should generally meet the following
conditions: (1) no evidence of hypovolemic shock, persis-
tent or recurrent splenic hemorrhage, massive hemoperi-
toneum, or grade V injury; (2) no anticipated need for trans-
fusion requirements as the result of splenic injury; (3) no
evidence of active extravasation or splenic vascular injury
seen on abdominal CT scan; (4) no other indications for ex-
ploratory laparotomy; (5) age less than 50 to 55 years; and
(6) no exacerbating factors such as coagulopathy or portal
hypertension.

Pancreatic Injuries

Because of the protected anatomical location of the pancreas
and duodenum, the incidence of significant injuries to these
structures is relatively low, typically between 5% and 7%.
These injuries often occur in conjunction with hepatic, splenic,
gastric, vascular, renal, or thoracic injuries. The unique ther-
apeutic goal with respect to the pancreas is the need to con-
trol pancreatic exocrine secretions in the setting of ductal or
glandular disruption and the prevention of secondary hemor-
rhage or septic complications (see Table 26.4).

CT scanning remains the diagnostic method of choice
for blunt pancreatic and duodenal injuries because of its
sensitivity in detecting retroperitoneal fluid or free air and
in visualizing the pancreas. CT is not, however, completely
reliable in detecting all pancreatic injuries, particularly
when utilized early in the postinjury course. Scans should
be performed using both oral and i.v. contrast. Serum en-
zymes (lipase, amylase) as indicators of major pancreatic in-
jury do not have the sensitivity to be used as a means of
exclusion for blunt trauma. The diagnosis of pancreatic and
duodenal penetrating injuries is usually made at the time
of exploratory laparotomy based on a positive DPL or shock
state.

The key to intraoperative diagnosis of pancreatic injury
is thorough exploration of the potentially injured portion
of the gland. The technical maneuvers for this exploration
include separate exposure of the duodenum and pancreatic
head, pancreatic body, and pancreatic tail. The specific
treatment of pancreatic injuries depends primarily on two
factors: (1) the presence or absence of main pancreatic duct
(MPD) injury and (2) the anatomical location of the in-
jury.36 Most pancreatic injuries consist of simple contu-
sions or minor superficial lacerations. Almost without ex-
ception, these can be managed satisfactorily with the use
of simple closed suction drainage placed adjacent to the
laceration or contusion. 

Duodenal Injuries and Combined 
Pancreaticoduodenal Injuries

The diagnosis, initial management, and exploration of duo-
denal injuries are similar to those for pancreatic injuries
(see Table 26.4). The main therapeutic goals are reestab-
lishment of duodenal (GI) continuity and creation of a
durable duodenal suture line. Most duodenal injuries are

simple lacerations (blunt and penetrating) and may be man-
aged safely using conventional two-layered anastomotic
techniques. These injuries do not generally require any ad-
junctive measures such as duodenal decompression or lo-
calized drainage. In some instances, more extensive lacera-
tions involving the fourth portion of the duodenum, which
anatomically behaves more like the small bowel, may be
resected with primary jejunoduodenal anastomosis depend-
ing on the extent of destruction.

For combined duodenal and pancreatic injuries, several
authors have advocated the use of duodenal “exclusion,” in-
volving diversion of the gastric stream via a gastrojejunos-
tomy with staple or suture (temporary) closure of the pylorus,
and primary repair plus drainage of the duodenal and pan-
creatic injuries.37 This technique theoretically protects the
duodenal suture line by diverting the GI stream. Results with
this approach have been satisfactory, and the oversewn or sta-
pled pylorus typically reopens after 6 to 10 weeks.38

Stomach and Small Bowel

Gastric injuries and most small-bowel injuries occur primar-
ily as the result of penetrating abdominal trauma.39 Initial
presentation may involve hematemesis or presence of gross
blood on nasogastric tube aspiration or early signs of peri-
tonitis. During exploration, particularly for penetrating
wounds, it is critical that the small bowel be meticulously
inspected and that even small adjacent hematomas be care-
fully evaluated, looking for tiny transmural lacerations.
Mesenteric hematomas from penetrating injuries may rebleed
if not also carefully examined for potential lacerations to
small mesenteric vessels.

The majority of gastric and small-bowel lacerations are
simple lateral or tangential injuries amenable to primary re-
pair. More severe small-bowel injuries involving near tran-
sections or involving the small bowel mesentery are gener-
ally best managed by resection and primary reanastomosis.
Multiple repairs or primary anastomoses may be performed
in the small bowel without any additional morbidity if ex-
tensive resections are avoided.

Contusions or traction injuries to the small bowel may
occur in the setting of blunt abdominal trauma, causing full-
thickness tears or “blow-out” perforations, devascularizing
mesenteric injuries, or full-thickness bowel wall ischemic in-
jury. Although these blunt intestinal injuries (BII) are often
associated with solid organ injuries requiring immediate ex-
ploration, they may also occur in isolation. They can be dif-
ficult to detect during the initial evaluation and represent an
important cause of potentially preventable morbidity in the
blunt trauma patient. The sensitivity of diagnostic peritoneal
lavage in BII has been reported as approximately 90% to
93%.40,41 Computed tomography, more commonly used for
blunt abdominal trauma, has reported sensitivities for BII be-
tween 40% and 92%.42–44

Colon and Rectal Injuries

Most colon and rectal injuries are the result of stab or gun-
shot wounds and are discovered at laparotomy performed on
the basis of clinical exam findings or a positive DPL. Occa-
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sionally, extraperitoneal wounds in proximity to the rectum
are diagnosed preoperatively using sigmoidoscopy. The in-
traoperative diagnosis of rectal injuries suspected on the ba-
sis of a pelvic hematoma or missile trajectory may be made
difficult by the limited exposure. For this reason, all patients
with the potential for rectal injuries should be positioned in
a modified lithotomy (e.g., Lloyd–Davies) position to allow
access to the perineum and rectum for “on-table” sigmoid-
oscopy, preferably using a flexible scope.

One of the primary goals in the management of colorec-
tal injuries is the prevention of associated postoperative sep-
tic complications (see Table 26.4). Previously held concepts
predicting a high incidence of septic complications and leaks
when repairs or anastomoses were performed in the setting
of significant fecal contamination, other associated abdomi-
nal injuries, significant hemorrhage, or destructive colon in-
juries have not necessarily been borne out. The extensive ex-
perience with penetrating colon injuries has led recently to
the development of clinical management guidelines45 that
support the practice of routine repair of nondestructive colon
lesions in the absence of established peritoneal infection
(early treatment). These data also suggest that even resection
and anastomosis of colon injuries, typically performed for
more destructive wounds, may also be safe in the absence of
persistent shock, other major associated intraabdominal in-
juries, or established peritonitis.45

Diaphragmatic Injuries

Injuries to the diaphragm occur in approximately 3% of blunt
and 1% of penetrating abdominal injuries. They may vary
from clinically insignificant lacerations involving the right
side to complete “blowout” involving large tears of the di-
aphragm, including the pericardial portion, with herniation
of the heart.46 Clinical diagnosis of diaphragm lacerations or
rupture, particularly in the absence of other significant ab-
dominal trauma, may be challenging. DPL allows diagnosis
in many cases, but may be falsely negative because bleeding
from the diaphragm either may be minimal or may be 
obscured by its suction evacuation via an associated tube 
thoracostomy.

Blunt diaphragmatic rupture may be suspected by a va-
riety of chest radiographic findings including an indistinct
or elevated diaphragm, but radiographs may be completely
normal in as many as 50% of cases. A definitive diagnosis
is made when CXR shows a gastric bubble in the left chest
or a nasogastric tube positioned above the left diaphragm.
Computed tomography may be useful in some cases, but re-
ports of its diagnostic efficacy are mixed.47–49 Laparoscopy,
as discussed earlier, has been found to be very sensitive in
evaluating potential diaphragmatic injuries, and may be par-
ticularly useful for assessing smaller, left-sided, asympto-
matic injuries, particularly in the setting of proximal pene-
trating trauma.50 Continued suspicion of a diaphragmatic
rupture or laceration based on inconclusive radiographs, 
CT scans, or even DPL should prompt laparoscopic inspec-
tion in patients without other indications for exploratory 
laparotomy.

The approach to an acute diaphragmatic injury should al-
most always be through the abdomen due to the frequency
of associated injuries. Control of associated intraabdominal

hemorrhage, often from splenic injury, remains the first pri-
ority. In injuries involving the GI tract with intrathoracic con-
tamination, it is important to thoroughly cleanse the chest
of any debris and establish good pleural drainage because the
pleural space is relatively intolerant of GI contamination.
Most diaphragmatic injuries are simple tears or lacerations
amenable to repair using interrupted sutures of nonabsorbable
material.

Retroperitoneal Hematomas and 
Pelvic Fracture Hemorrhage

Retroperitoneal hematomas, while not strictly intraabdomi-
nal injuries, can be associated with major hemorrhage, with
and without surgically repairable lesions. Retroperitoneal
hematomas caused by blunt injury may be classified into
three zones51 (Fig. 26.4): pelvic hematomas (zone 3), peri-
nephric hematomas (zone 2), and central retroperitoneal
hematomas (zone 1). The decision to explore a blunt injury
retroperitoneal hematoma is based principally on location (see
Table 26.4) and the clinical behavior of the hematoma (e.g.,
expanding or pulsatile).

Priorities in the Management 
of Multisystem Injuries

Major abdominal injuries may be associated with continued,
uncontrolled hemorrhage, often making their treatment the
highest priority in multisystem trauma. In some cases of less
acute abdominal injuries, however, other organ systems may
take priority. Although no general set of guidelines can apply
to every case, injuries can be loosely prioritized on the basis
of treatment goals. (see Table 26.5)
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FIGURE 26.4.  Classification of retroperitoneal hematomas. (Re-
printed from Selivanov et al. 1986,134 with permission.)



Table 26.5. Priorities in the Management of Multisystem Injuries.

Priority Treatment goals

1st 1. Identification and control of primary site of life-threat-
ening hemorrhage: abdomen, chest, pelvis.

2. Diagnosis and treatment of major traumatic brain in-
jury (TBI).

2nd 1. Diagnosis and treatment of blunt aortic injury.
2. Control of secondary source of hemorrhage: pelvis,

chest, abdomen, fracture site.
3rd Containment of contamination; infection risk reduction.

Control of tertiary sites of hemorrhage: pelvis, fracture
sites, etc. Confirmation and treatment of suspected spinal
cord injury. Treatment of critical orthopedic injuries.

4th Diagnosis and treatment of major but noncritical orthope-
dic, maxillofacial injuries, repair of nonbleeding lacera-
tions.

5th Repeat of head to toe exam, review/reordering of radiology
studies, labs. Diagnosis of potential noncritical occult in-
juries, “rule-out” injuries, etc.

Interdisciplinary collaboration and clear communication
are important in managing these more complex injuries, and
the general or trauma surgeon’s role in guiding overall ther-
apy (“captain of the ship”) is critical.

Postoperative and Postinjury Complications

The spectrum of adverse sequelae following the treatment of
intraabdominal injuries is not dissimilar to that which occurs
in a variety of other abdominal surgical conditions. Recurrent
hemorrhage, wound and intraabdominal infection, fistulas,
and posttraumatic systemic inflammatory response syn-
dromes (SIRS, ARDS, MODS) occur following major trau-
matic injury and are discussed elsewhere in this book.

Missed Injuries

Missed injuries and delayed diagnosis are some of the more
troublesome complications following intraabdominal injury.
As previously discussed, one of the most common etiologies
for these diagnostic errors is failure to adequately evaluate the
abdomen. This particular error constituted approximately
19% of all identifiable errors made in a trauma system.4

Intraabdominal Compartment Syndrome

The observed association between severe intraabdominal in-
juries, massive fluid resuscitation, high abdominal wall ten-
sion, and a variety of adverse physiological sequelae, includ-
ing decreased urine output, high peak airway pressures, and
compromised organ perfusion, has led to the description of
what is now called the intraabdominal compartment syn-
drome (IACS).52 Although not completely unique to trauma,
the characterization and management of IACS has been de-
scribed mainly following severe abdominal injuries. IACS is
produced by excessive intraabdominal pressures as the result
of massive bowel edema, ‘third space’ fluid, intraperitoneal
hemorrhage, or retroperitoneal hematomas. This increased
pressure may cause decreases in splanchnic, renal, and ab-
dominal wall perfusion and may produce venous capacitance
pooling in the pelvis and lower extremities from a tourniquet-
like effect on the midtorso.53–57

Several techniques have been used for monitoring in-
traabdominal pressure. Among the simplest and most effec-
tive is the measurement of intravesicular (bladder) pressure,
performed by instilling 50 to 100 ml fluid in the bladder and
measuring pressure via Foley catheter using either manome-
try or a pressure transducer. Pressure readings that are greater
than 30 cm H2O are consistent with IACS. This measure-
ment correlates well with experimentally placed intraab-
dominal pressure catheters and provides a quick, simple bed-
side means of estimating intraabdominal pressures.58

The treatment of IACS has generally involved decom-
pression of the abdominal compartment and the placement
of a temporary abdominal wall prosthesis. In many instances,
resolution of abdominal compartment edema allows either
single or staged closure of the abdominal wall.
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Parathyroid
Hop N. Le and Jeffrey A. Norton

Calcium Physiology

Accurate diagnoses, proper selection of patients for surgical
treatment, and management of hyperparathyroidism require
a detailed understanding of the homeostatic mechanisms of
calcium. An average daily dietary intake of calcium is be-
tween 500 and 1000 mg.1 The duodenum and upper jejunum
are the principal sites of active calcium absorption, involving
vitamin D metabolites. The diurnal variation in the level of
serum calcium is 5% or less. This homeostasis is achieved
by the balance between gastrointestinal absorption, bone 
deposition and release, and urinary excretion of calcium. 

Serum calcium is regulated by a closely integrated inter-
play of three hormones: parathyroid hormone (PTH), vitamin
D3 (1,25-dihydroxycholecalciferol), and calcitonin (Fig. 27.1).
The key target organs include the parathyroids, skeletal sys-
tem, kidneys, and intestine. PTH is synthesized in the
parathyroid glands as a larger molecule, pre-pro-PTH, which
is cleaved into its inactive form, pre-PTH.2 Pre-PTH is fur-
ther cleaved into PTH, which is released into the circulation
and broken down further into amino- and carboxyl-terminal
fragments by the liver and kidney. Only the whole intact PTH
molecule and the amino-terminal fragment are physiologi-
cally active. The double-antibody immunoradiometric assay
(IRMA) is the current method of intact PTH detection.3 PTH
exerts its effect by activating membrane-bound adenylate 
cyclases generating cyclic adenosine monophosphate. PTH
regulates serum calcium level by directly and indirectly af-
fecting calcium exchange at the intestine, bone, and kidney.
PTH directly increases serum calcium by inhibiting the syn-
thetic function of osteoblast and stimulating renal tubular cal-
cium reabsorption. PTH indirectly contributes to calcium reg-
ulation by stimulating osteoclast maturation and inducing
renal phosphate clearance and synthesis of calcitriol, which
in turn promotes gastrointestinal absorption of calcium.

Vitamin D is another key regulator of bone mineral me-
tabolism. Calcitriol is the major active form of vitamin D. It
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stimulates calcium-binding protein in the gut and enhances
absorption of calcium and phosphorus. 

Calcitonin is produced by the parafollicular C cells of the
thyroid. Calcitonin decreases bone resorption by antagoniz-
ing the effects of PTH. Its physiological role has been impli-
cated in minimizing calcium loss during development, preg-
nancy, and nursing.4 Although calcitonin receptors are found
in the kidneys, brain, and throughout the body, the complete
absence or supernormal levels of calcitonin do not seem to
have any significant clinical manifestations.

Embryology, Anatomy, and Pathophysiology

Despite the wide deviation in gland distribution, the location
of parathyroid glands is predictable from knowledge of em-
bryology. The parathyroid glands develop at about the fifth
week of gestation. The upper parathyroid glands arise from
the dorsal part of the fourth branchial pouches along with the
lateral lobes of the thyroid. The upper glands only descend
slightly and stay in close association with the upper portion
of the lateral thyroid lobes.5,6 This position remains fairly
constant into adult life. On the other hand, the lower parathy-
roids develop from the dorsal part of the third branchial
pouches along with the thymus. The lower glands descend a
great distance with the thymus, thus accounting for a wide
range of distribution in adulthood. The range of location in-
cludes just beneath the mandible at the level of the hyoid,
anteromedial to the carotid bifurcation to the pericardium,
and anteromedial to the recurrent laryngeal nerve (Fig. 27.2).

Facility in the identification of normal and abnormal
parathyroid glands is essential. Parathyroid glands vary in
color from a light yellow to a reddish brown, and the consis-
tency is usually soft and pliable.5 Typically, there are four
parathyroid glands, and the average weight of a normal gland
is 35 to 50 mg. Normal glands tend to be flat and ovoid; with
enlargement, they become globular. The normal measure-



ments are 5 to 7 mm � 3 to 4 mm � 0.5 to 2 mm. The com-
bined weight of all parathyroid glands is 90 to 130 mg, and
the superior glands are usually smaller than the inferior
glands.7 Most parathyroid glands are suspended by a small
vascular pedicle and enveloped by a pad of fatty tissue.8

Approximately 5% of humans have supernumerary (more
than four) parathyroid glands.9 Supernumerary glands and
fragments of parathyroid glands are most commonly found
within the thymus.

Clinical Features

Primary hyperparathyroidism (PHPT) is characterized by an
inappropriately elevated secretion of PTH relative to the level
of serum calcium. PHPT accounts for 50% to 60% of hyper-
calcemia in the ambulatory setting, whereas malignancy ac-
counts for 65% of hypercalcemia in the inpatient setting10

(Table 27.1). Certain factors such as a family history of PHPT
or multiple endocrine neoplasia (MEN), childhood radiation
to the head and neck, postmenospausal state, renal calculi,
peptic ulcer, hypertension, or thiazide-induced hypercalcemia
are more consistent with PHPT. Clinical presentations of 
primary hyperparathyroidism may be in one of three forms:
(1) asymptomatic hypercalcemia; (2) nephrolithiasis; or (3)
bone disease with more marked hypercalcemia, fatigue, gen-

eral debility, bone pain, weight loss, sometimes pathological
fractures, and even parathyroid crisis. The most common pre-
sentation is asymptomatic hypercalcemia. The diagnosis of
primary hyperparathyroidism is based on concomitant mea-
surements of elevated serum levels of total calcium11,12 or
ionized calcium13 and intact parathyroid hormone (PTH).14–17

Measurement of 24-h urinary calcium excretion, which is 
elevated in patients with PHPT, helps confirm the diagnosis.

Prognostic Indicators of Parathyroid Pathology

Primary hyperparathyroidism is caused by parathyroid ade-
noma or a single abnormal gland (85%), parathyroid hyper-
plasia or multiple abnormal glands (10%–12%), double ade-
noma (1%–2%), or carcinoma (1%). It is up to the operating
surgeon to correctly diagnose the precise etiology of PHPT.
Certain symptoms and signs may suggest specific types of
parathyroid pathology. Parathyroid adenoma is rarely ever pal-
pable, but parathyroid carcinoma is palpable in a high per-
centage of cases.18,19 Exceptionally high concentrations of
serum PTH or calcium (�13 mg/dl) also may suggest parathy-
roid cancer.19 Parathyroid hyperplasia is often inherited in fa-
milial syndromes such as MEN I or MEN IIA.20,21 There are
no physical signs characteristic of MEN I or MEN II. Recent
studies have identified the genetic defect in patients with
MEN I as the MENIN mutation on chromosome 11q1322 and
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FIGURE 27.1.  The interplay of parathyroid hormone (PTH), vitamin
D, and calcitonin on calcium and phosphorus regulation at specific
target organs. A decrease in serum calcium stimulates PTH secretion
by the parathyroid glands. PTH directly and indirectly affects cal-
cium exchange at the intestine, bone, and kidney to elevate the serum
level of calcium. Calcitriol [1,25(OH)2D], the major active form of vi-
tamin D, enhances calcium and phosphorus absorption in the intes-
tine while inhibiting PTH. There is a negative feedback loop between
serum calcium and calcitonin levels. An increase in serum calcium
results in calcitonin secretion, which regulates bone and kidney to
decrease serum calcium.

FIGURE 27.2.  A lateral view of the anatomical relationship of the
parathyroids to their arterial blood supply and the recurrent laryngeal
nerve. The superior parathyroid glands are usually located in the up-
per portion of the lateral thyroid lobes and are supplied by either the
superior or inferior thyroid artery. The location of the inferior parathy-
roid glands is more variable but can usually be found in the lower pole
of the thyroid. The inferior parathyroids are supplied by the inferior
thyroid artery, which runs just lateral to the recurrent laryngeal nerve.



in patients with MEN II as the RET proto-oncogene mutation
on chromosome 10q11.2.23 MEN IIb patients do not have pri-
mary hyperparathyroidism. Familial hypocalciuric hypercal-
cemia (FHH) is an autosomal dominant trait presenting usu-
ally as asymptomatic mild hypercalcemia and relative
hypocalciuria.24,25 Mutations in the calcium-sensing receptor
gene on chromosome 3 have been identified in its heterozy-
gous form in benign FHH.19 In patients with FHH, the hyper-
calcemia is PTH dependent and associated with mild parathy-
roid hyperplasia; however, subtotal parathyroidectomy is rarely
successful in correcting hypercalcemia and is contraindicated. 

Hypercalcemic Crisis

Hypercalcemic crisis is an unusual state of progressive,
marked primary hyperparathyroidism producing accelerated
bone resorption and excessive elevation in serum and urinary
levels of calcium. Clinical manifestations include anorexia,
vomiting, constipation, dehydration, acute pancreatitis, short-
ened QT interval, increased sensitivity to digitalis, polyuria,
polydipsia, nephrocalcinosis, apathy, drowsiness, coma, and,
if untreated, death.26–29 Serum levels of calcium should not
be the only defining criteria for a hypercalcemic crisis because
there have been reports of asymptomatic patients with serum
calcium levels of 20 mg/dl and of patients in hypercalcemic
crisis with serum calcium less than 14 mg/dl.30

Management of the severe hypercalcemia in patients with
parathyroid crisis centers on achieving four basic goals: (1)
correct dehydration, (2) enhance renal excretion of calcium,
(3) inhibit accelerated bone resorption, and (4) treat the un-
derlying disorder. Initial treatment is administration of large

volumes of saline to correct dehydration. Once fluid status is
corrected, intravenous administration of saline followed by a
loop diuretic (i.e., furosemide) is usually effective in reducing
the hypercalcemia by inhibiting calcium reabsorption in the
ascending limb of the loop of Henle. Thiazide diuretics are
contraindicated because they enhance distal tubular reab-
sorption of calcium. In patients with low serum concentra-
tion of phosphate, normal renal function, and moderate hy-
percalcemia, oral phosphate may also be used. If hydration
and treatment with furosemide intravenously are not effec-
tive in reducing the hypercalcemia, treatment with diphos-
phonates, mithramycin, calcitonin, or gallium should be
started as necessary to normalize serum levels of calcium.29

Localization Techniques

Localization Before Initial Parathyroidectomy

Because radiographic parathyroid localization adds to the
costs and does not improve the efficacy of most parathyroid
surgeons, localization studies are usually not recommended
for previously unoperated cases. However, recent studies in-
dicate that ultrasound and sestamibi scintigraphy may be use-
ful (see below).

Localization Before Reoperative Parathyroidectomy

In patients with failed initial procedures for PHPT or in in-
dividuals who subsequently develop recurrent hypercalcemia,
the probability of successful repeat surgery is reduced31,32 and
the incidence of complications is greater.33 Therefore, a max-
imum effort at preoperative gland localization should be
made, commencing with the noninvasive procedures (US, CT,
MRI, sestamibi) and proceeding (if necessary) to the more in-
vasive studies. Review of the recent literature indicates that
localization studies were helpful in the majority of reopera-
tive parathyroidectomies (Table 27.2). Currently, noninvasive
techniques can localize an abnormal gland in about 75% to
80% of patients requiring repeat surgery.34–36 Invasive local-
izing studies usually provide some useful information in the
remainder.37 An important principle in reviewing the results
of any radiographic imaging technique is that identification
of one abnormal parathyroid gland does not exclude the pres-
ence of another additional pathological gland or glands in
other locations. Approximately 30% of patients undergoing
reoperations have more than one abnormal gland.32,38

Ultrasound

US is the least expensive and least invasive technique to im-
age abnormal parathyroid glands. It is particularly effective
for localizing enlarged glands in the neck and correctly iden-
tifies approximately 60% of the abnormal glands in patients
requiring reoperation.31,36,39,40

Sestamibi Scintigraphy

Sestamibi–technetium 99m scanning has a superior resolu-
tion and sensitivity of 70% to 90% for solitary parathyroid
tumors.41 Both the thyroid and parathyroid take up sestamibi,
but its uptake is stronger and the signal persists longer in ab-
normal parathyroid glands. Overall, sestamibi is the single
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TABLE 27.1. Differential Diagnosis of Hypercalcemia.

Endocrine
Primary hyperparathyroidism
Thyrotoxicosis
Pheochromocytoma
Addison’s disease
VIPomas

Malignancy
Solid tumors
Lytic bone metastasis
Parathyroid hormone-related protein
Lymphoma and leukemia

Granulomatous diseases
Sarcoidosis
Tuberculosis
Histoplasmosis
Coccidioidomycosis
Leprosy

Medication
Calcium
Vitamin A or D intoxication
Thiazides
Lithium
Estrogens and antiestrogens

Others
Milk alkali syndrome
Familial hypocalciuric hypercalcemia
Immobilization
Paget’s disease
Renal insufficiency

Malignancy is the most common cause of hypercalcemia in the inpatient set-
ting; primary hyperparathyroidism is the most common cause in the outpa-
tient setting.



best imaging study for abnormal parathyroid glands. It has
achieved sensitivities as high as 86% with specificities vary-
ing from 77% to 100%.42,43

Computed Tomography

CT is particularly effective for abnormal parathyroid glands
in the anterior mediastinum and the tracheoesophageal
groove.44 It correctly identifies the adenoma in about 70% of
initial cases.45–49 Ectopic mediastinal glands usually lie
within the fat-replaced thymus, and even small adenomas are
readily visualized. Further, the tracheoesophageal groove in
the posterosuperior mediastinum is the most common loca-
tion of missed parathyroid adenomas.50–51 CT localizes
parathyroid pathology in 50% to 60% of the reoperative pa-
tient group.35,44,50 CT is poor at detecting intrathyroid or jux-
tathyroidal tumors.

Magnetic Resonance Imaging

MRI with surface coils provides exquisite anatomy of the
neck and enhanced resolution.52 Results indicate that ap-
proximately 57% to 90% of abnormal parathyroid glands can
be correctly imaged in patients undergoing reoperations.53

With gadolinium MRI, and T1- and T2-weighted images, MRI
can now provide a higher sensitivity at identifying ectopic
parathyroid tumors than CT scan. In addition, MRI does not
require intravenous contrast, and surgical clips do not cause
artifacts. However, MRI is more expensive than CT.

Fine-Needle Aspiration

To unequivocally confirm that the mass is parathyroid, a le-
sion may be aspirated with a very thin needle under CT or
US guidance and the concentration of parathyroid hormone
in the aspirate measured.33 CT-guided fine-needle aspiration
(FNA) for PTH has a sensitivity of 70% and a specificity of
100%.54

Angiography

Intravenous digital angiography for parathyroid localization
has been successful in less than 30% of cases.54 Patient mo-

tion degrades subtraction images, and motion artifacts pro-
duce a high incidence of false-positive examinations. On the
other hand, the intraarterial digital technique requires no
highly selective catheter positioning, so it can be accom-
plished expeditiously at nearly every hospital. However, im-
proved results with noninvasive imaging studies have dra-
matically reduced the need for angiography.

Selective Venous Sampling

Selective venous sampling requires the greatest experience
and is the most poorly performed study in nonreferral cen-
ters. It is indicated in only a small proportion of reoperative
patients who have significant primary hyperparathyroidism
and no apparent localizing information after completing all
noninvasive studies and angiography.

Summary of Radiographic Modalities

An algorithm for use of the various radiographic modalities
is given in Figure 27.3.

Intraoperative Determination 
of Parathyroid Hormone

Generally, after successful removal of a single parathyroid
adenoma or adequate resection of hyperplastic glands,
serum levels of intact PTH fall immediately and reach nor-
mal range within 30 to 90 min after removal of the tissue
involved.56 Most studies suggest that a 50% decline from
the baseline level predicts a successful outcome. Serum lev-
els of intact PTH are measured during surgery by rapid RIA.
Studies demonstrate that serum levels of intact PTH de-
cline rapidly, and a significant drop (>50% from baseline)
will be detectable only 15 min following resection of a
parathyroid adenoma.56,57 Furthermore, the rate of decline
is less in patients with hyperplasia and may provide an ad-
ditional clue to its diagnosis.57 Currently, however, these
determinations are not the standard of care and should be
used as adjuncts to surgery. To determine the exact role of
intraoperative PTH assay, if any, requires additional prospec-
tive studies.
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TABLE 27.2.

Imaging Modalities in Reoperative Parathyroidectomies: Overall Results.

Imaging modalities: true-positive/false-positive (%)
Level of

References evidencea n Sestamibi Tech-thal Ultrasound CT MRI Angiography Venous sampling

Mariette 199894 III 38 69/— — — 16/— — — 63/—
Peeler 199795 III 25 74/— — 45/— 68/— — — —
Jaskowiak 199642 II 227 67/0 42/8 48/21 52/16 48/14 59/9 76/4
Shen 199632 III 102 77/— 68/— 57/— 42/— 77/— — 77/—
MacFarlane 199486 III 42 42/15 — 67/9 56/10 36/8 68/14 69/8
Rodriguez 199443 III 152 70/0 60/16 53/16 42/12 69/12 — 69/15
Doherty 199296 III 27/— — 4/23 0/20 35/13 19/13 84/7 —
aI, randomized prospective study; II, prospective study; III, retrospective study, review or anecdotal.
bValues represent sensitivities.



Indications for Surgery

In general, we suggest surgical exploration for all patients
with clear biochemical evidence of primary hyperparathy-
roidism and documented signs or symptoms of the disease58,59

(Table 27.3). 
The best treatment for totally asymptomatic patients is

controversial.58 Younger patients with apparently asymp-
tomatic primary hyperparathyroidism may require earlier
surgery given a low operative risk and long temporal exposure

to the disease. In apparently asymptomatic, older patients with
primary hyperparathyroidism, we recommend careful obser-
vation and follow-up, with surgery reserved for patients who
develop evidence of progression or symptoms. Progression is
documented by a decrease in bone density on serial studies,
kidney stones, serum calcium level greater than 12 mg/dl, or
elevated serum levels of bone alkaline phosphatase.

Indications agreed upon by the Proceedings of the NIH
Consensus Development Conference on Diagnosis and
Mangement of Asymptomatic PHPT include (1) serum cal-
cium greater than 11.5 to 12 mg/dl, (2) creatinine clearance
reduced more than 30% for age in absence of another cause,
(3) 24-h urinary Ca2� greater than 400 mg/dl, (4) bone mass
reduced more than 2 SD compared with age, gender, and race-
matched controls, (5) patients who request surgery or in
whom long-term surveillance is unsuitable, and (6) young pa-
tients (�50 years old).58 There is certainly no urgent need for
surgery in this group, but regular follow-up once or twice a
year is indicated to guard against progression of disease. Stud-
ies suggest that approximately 20% of patients with asymp-
tomatic primary hyperparathyroidism develop symptoms
with long-term follow-up.59,60

Surgical Management of Primary 
Hyperparathyroidism

Surgery is the only curative treatment for patients with pri-
mary hyperparathyroidism. In general, abnormal gland or
glands can be correctly identified at exploration in approxi-
mately 95% of patients.30,61–65 Complication rates are low.
Recurrent laryngeal nerve injury occurs in less than 1% of ini-
tial operations and approximately 5% of repeat operations for
primary hyperparathyroidism.33,66 Fortunately, symptoms in
many of these nerve injuries are temporary, and full recovery
may be seen at 3- to 6-month follow-up. Hypoparathyroidism
is a complication that usually does not occur following ini-
tial explorations66 but may occur in 2.7% to 16% of individ-
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FIGURE 27.3.  Algorithm for a suggested approach 
toward imaging studies for localization of parathyroid
adenomas in initial and reoperative parathyroidec-
tomies.

TABLE 27.3. Manifestations of Primary Hyperparathyroidism 
That Warrants Surgery.

System Signs and symptoms

Serum Calcium level �12 mg/dl
Skeletal Decreased bone density

Pain
Pathological fracture
Bone cysts
Brown tumors
Osteitis fibrosa cystica
Gout and pseudogout
Nonspecific arthralgias

Renal Urinary calcium �350 mg/24 h
Renal colic
Nephrocalcinosis
Decreased creatinine clearance

Gastrointestinal Peptic ulcer disease
Pancreatitis

Neurological Emotional lability
Slow mentation
Poor memory
Depression
Easy fatigability

Neuromuscular Proximal muscular weakness
Muscular atrophy

Other Anemia



uals following reoperations.38,51,67–68 Another undesired out-
come is unsuccessful surgery. Initial procedures are success-
ful in approximately 85% to 95% of cases61–65,69 and repeat
procedures in 78% to 90%.38,51,67,70,71

General Technique of Exploration

We recommend identification and biopsy of all four parathy-
roid glands. Abnormal glands are completely removed. How-
ever, others recommend identification of all glands and exci-
sion of any abnormal glands and biopsy of only one normal
parathyroid gland. A minority of endocrine surgical centers
practice unilateral neck exploration for primary hyper-
parathyroidism. 

Dissection of the neck requires meticulous hemostatic
technique. Blood-stained tissue alters the color, making iden-
tification of parathyroid glands more difficult. The upper
glands are usually posterior and lateral to the recurrent la-
ryngeal nerve, and the lower glands are usually anteromedial
to it. Because the upper glands are most constant in location,
they should be identified first. If the upper glands are biop-
sied and found to be normal but the lower glands cannot be
located, then the thyrothymic ligament should be carefully
explored because 44% of inferior glands are within this liga-
ment. If the ligament does not contain parathyroid tissue,
then both superior horns of the thymus in the lower neck
should be dissected and removed; 17% of inferior glands are
found within the thymus. If the inferior gland is not within
the thymus, then the thyroid lobe on the side of the missing
gland may be removed; 3% of inferior parathyroid glands are
found within the thyroid lobe.72 Some recommend that in-
traoperative ultrasound be used during the operation before
thyroid lobectomy to determine whether a suspicious sonolu-
cent mass lesion (parathyroid adenoma) is present within the 
thyroid.44,73

Failure of the initial exploration, even with diligent search
of the areas just noted, calls for stopping the procedure.
Reevaluation of the diagnosis and then localization proce-
dures should be performed before initiating a median ster-
notomy. Median sternotomy is indicated in only 1% to 2%
of patients undergoing initial explorations.74

Special Issues in Surgery

Adenoma

Regarding operative strategy for presumed adenoma, review
of the recent literature shows that the surgical results of ei-
ther a bilateral or unilateral approach can achieve similar
overall success rates, and the complication rates of a unilat-
eral approach do not appear to be any lower than that of a bi-
lateral approach. Key is the assured removal of the affected
gland(s). In either method, the most important indicators of
normal or abnormal tissue are appearance of the gland and
histopathologic confirmation of the biopsied tissue.

Hyperplasia

The surgical management of parathyroid hyperplasia is more
difficult and the results less satisfactory. There are two pos-
sible surgical procedures designed for this diagnosis: subtotal

(3.5-gland) parathyroidectomy or four-gland parathyroidec-
tomy with immediate autograft. 

Our approach to nonfamilial parathyroid hyperplasia is
subtotal (3.5-gland) parathyroidectomy, leaving approxi-
mately 50 mg of the most normal-appearing parathyroid tis-
sue marked with a surgical clip in the neck. The incidence
of either persistent disease or hypoparathyroidism has been
low, and we expect our incidence of recurrent disease to be
between 10% and 20% based on long-term follow-up data
from others.64 For familial hyperplasia, we use total parathy-
roidectomy and immediate parathyroid autograft to the fore-
arm because the incidence of recurrent disease is high
(38%–64%).20,75–77 If recurrent hypercalcemia develops in
these patients, a portion of the transplanted tissue can be re-
moved under local anesthesia. In patients with recurrent dis-
ease after subtotal parathyroidectomy, total parathyroidec-
tomy with cryopreservation of resected tissue is required.78

Secondary and Tertiary Hyperparathyroidism

Almost all patients with advanced renal failure on chronic
dialysis have evidence of bone disease secondary to hyper-
parathyroidism and elevated serum levels of PTH. Secondary
hyperparathyroidism should be suppressed in these individu-
als by measures that normalize serum levels of calcium and
phosphorus. Failure of these measures occurs in a minority
of individuals, and parathyroidectomy is then used to decrease
the mass of hyperplastic parathyroid tissue.

Potential indications for parathyroidectomy in patients
with chronic renal failure and autonomous hyperplastic
parathyroid glands (tertiary hyperparathyroidism) include 
(1) hypercalcemia in prospective renal transplant patients; 
(2) pathological fractures secondary to renal osteodystrophy;
(3) symptoms secondary to hyperparathyroidism including
pruritus, bone pain, and extensive soft tissue calcification and
calciphylaxis; (4) hypercalcemia in patients with renal trans-
plants that are functioning well; and (5) a calcium times 
phosphate product greater than 70.79,80 Improvements in med-
ical management have reduced these complications in many
patients so that surgery is less often needed.

Controversy exists about whether to perform a subtotal
parathyroidectomy,81 a total parathyroidectomy without au-
tograft,82 or a total parathyroidectomy with immediate 
autograft.76 No overwhelming evidence suggests one proce-
dure over the other in this patient population.

Reoperations for Primary Hyperparathyroidism

Patients with hypercalcemia following initial operations for
primary hyperparathyroidism can be classified as having per-
sistent or recurrent disease. In persistent disease there is hy-
percalcemia in the immediate postoperative period or within
6 months of the initial neck exploration. In recurrent disease,
there is either an initial period of hypocalcemia or normal-
ization of the serum levels of calcium for at least 6 months
after neck exploration and then the reappearance of hyper-
calcemia. The complexity of repeat neck surgery for primary
hyperparathyroidism makes it imperative to confirm again
the diagnosis and the presence of significant symptoms and
to attempt precise preoperative localization, as outlined here,
before embarking on a second exploration.32,38

The surgeon should use the first operation report, pathol-
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ogy results, and the localization data to plan the reexploration.
For example, if two abnormal parathyroid glands were re-
moved and the family history is positive for parathyroid 
disease, the surgeon must use a working diagnosis of hyper-
plasia and remove two additional abnormal glands. A biopsy-
proven normal gland found at the initial procedure and radi-
ologic localization studies suggesting a mediastinal adenoma
would prompt a direct approach to the identified abnormal
parathyroid gland by either transcervical approach or median
sternotomy.82 For cervical glands, we use an alternate route
in the neck along the medial border of the sternocleidomas-
toid muscle instead of between the strap muscles.32,38,83 This
route requires a separate approach on each side of the neck.
Intraoperative ultrasound (IOUS) using a 10-MHz transducer
is performed after the right or left side of the neck is opened.
In our experience,84,85 IOUS can image most abnormal glands
during reoperations.45 It is especially helpful for intrathyroidal,
intrathymic, and paraesophageal parathyroid adenomas.74

Another strategy for reoperative parathyroid surgery is min-
imally invasive radioguided parathyroidectomy (MIRP). This
strategy includes a preoperative dual-phase sestamibi scan and
injection of Tc-99m–sestamibi approximately 0.75–2.5 h before
surgery. A unilateral neck exploration is guided by a handheld
gamma probe. The advantage of this technique includes
smaller incisions, shorter operative time, decreased risk of
nerve injury complications, outpatient surgery with use of lo-
cal anesthestics, and no frozen section analysis requirement.
The disadvantage includes the possibility of missing a second
lesion on the contralateral side of the neck.

It should be remembered that even at reoperations for pri-
mary hyperparathyroidism the majority of abnormal glands
can be removed through a cervical incision.86 Slow, meticu-
lous exploration in a bloodless field is generally necessary to
find these “ectopic” glands. Cryopreservation of removed
parathyroid tissue during reoperations is indicated because
the existence of remaining normal parathyroid tissue in these
cases is unpredictable. 

With careful attention to confirmation of diagnosis, prior
operative records, judicious use of preoperative localization,
and postoperative autografting, successful outcome may be
achieved in more than 90% of reoperations38,87,88 (Table 27.4).

Parathyroid Carcinoma

Parathyroid carcinoma should be suspected in patients with
primary hyperparathyroidism who have a very high serum
level of calcium, evidence of recurrence of the abnormal 
gland at the same site in which an abnormal gland was pre-
viously removed,19,89 or a palpable neck mass that is firm and
nonmobile.19,90

Parathyroid cancer usually invades along the tracheo-
esophageal groove, and the patient may present with hoarse-
ness secondary to a recurrent laryngeal nerve injury. At neck
exploration, the cancerous tissue appears gray with a thick,
hard capsule. We recommend, based on suspicion (e.g., mass,
local recurrence, high serum level of calcium), wide excision
including thyroid lobectomy in continuity with the tumor.91

Recurrent laryngeal nerve injury, either from the tumor itself
or from the surgeon attempting to completely resect the tu-
mor mass with the ipsilateral thyroid lobe, is probable and
occurs in 75% of patients.19 Locally recurrent benign parathy-
roid adenomas may occur and be confused with parathyroid
carcinomas. Recurrent adenomas generally present with a
longer disease-free interval, a lower serum level of calcium,
and a history of either incomplete resection or spillage of tu-
mor at the time of initial surgery.19 Nevertheless, both lo-
cally recurrent parathyroid adenoma and cancer appear to re-
spond favorably to aggressive local resection, and most
patients can be rendered either hypocalcemic or normocal-
cemic for a reasonable period of time.19,92 In patients with
distant metastases, surgery appears to have a lesser role in
treatment and chemotherapy has been shown to be of little
benefit.93 Therapy for these patients has been directed pri-
marily at controlling the severe hypercalcemia.29

Postoperative Management

Successful parathyroidectomy leads to dramatic changes in
calcium metabolism. Levels of serum calcium usually reach
a nadir below normal on the second or third postoperative
day but may take even longer to drop in patients with renal
disease. Most patients who have undergone successful surgery
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TABLE 27.4.

Surgical Outcome for Reoperative Surgery.

Level of Success RLN RLN Permanent Transient Wound Mortality
References n evidencea (%) paresis paralysis hypocalcemia hypocalcemia infection (%)

Mariette 199894 38 III 92 — 3 2 — — —
Jaskowiak 199642 222 II 97 6 3 12 49 0 0
Shen 199632 102 III 95 1 1 1 6 — —
Rodriquez 199443 152 III 93 1 0 1 6 — —
Weber 199497 51 III 92 1 0 1 11 1 2
Carty 199131 206 III 95 12 1 17 — — 0.5
Jarhult 199398 93 III 82 — 9 15 — — —
Rothmund 199099 70 III 96 — 4 19 — — —
Cheung 1989100 83 III 86 2 1 8 10 1 1.2
Grant 198667 157 III 89 13 6 20 27 — 0
aI, randomized prospective study; II, prospective study; III, retrospective study, review or anecdotal.



for primary hyperparathyroidism have some symptoms of
hypocalcemia and may even develop a positive Chvostek sign.
Treatment is guided primarily by the serum level of calcium,
which should be maintained above 8.0 mg/dl. 

If the symptoms of hypocalcemia are severe and the pa-
tient appears to be on the verge of tetany (occurring most fre-
quently in patients with “hungry bone syndrome”), the clin-
ician may need to treat with i.v. calcium. These symptoms
can usually be rapidly corrected by the infusion of 2 mg/kg
of elemental calcium over 15 min. 

When hypocalcemia persists despite maximal oral re-
placement doses and hyperphosphatemia develops, we rec-
ommend the use of 1,25(OH)2D3 (calcitriol), which is the ma-
jor biologically active metabolite of vitamin D. The usual
initial dose is calcitriol 0.25 to 1.0 �g/day given on a twice-
daily schedule. Serum levels of calcium should be monitored
weekly following discharge to further adjust oral calcium and
calcitriol doses.
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28

Thyroid
Ronald J. Weigel

Anatomy and Physiology

The common indications for thyroidectomy include a suspi-
cion of cancer, local symptoms of a large neck mass (e.g., dif-
ficulty breathing or swallowing), and abnormal thyroid func-
tion (e.g., hyperthyroidism). Surgical management of thyroid
problems requires a thorough understanding of the anatomy
and pathophysiology of the thyroid gland.

Surgical Approach

The normal thyroid weighs approximately 20 g and is situated
anterior and slightly inferior to the thyroid cartilage. Figure
28.1 depicts the relevant anatomy and surgical approach to the
thyroid. The thyroid is highly vascular and derives its blood
supply from paired superior and inferior thyroid arteries. The
superior thyroid artery is a branch of the external carotid artery,
and the inferior thyroid artery is derived from the thyrocervi-
cal trunk. Thyroid ima vessels are branches directly from the
aorta and enter the gland inferiorly. The recurrent laryngeal
nerve ascends from the superior mediastinum and runs in the
tracheoesophageal groove. The nerve courses directly posterior
to the thyroid lobe and passes through the cricopharyngeus to
innervate the intrinsic muscles of the larynx. The location of
the parathyroid glands is variable but the glands are usually
found lateral and posterior to the thyroid. The identification
of these structures is critical during neck exploration.

Thyroid Function Tests and Thyroid Imaging

The thyroid synthesizes thyroid hormone, which is necessary
for normal metabolism. The secretion of thyroid hormone is
precisely regulated. The hypothalamus secretes thyrotropin-
releasing hormone (TRH), which induces the anterior pitu-
itary to secrete thyroid-stimulating hormone (TSH). TSH
stimulates growth and function of the follicle cells of the thy-
roid. In response to TSH, the thyroid concentrates iodine and
synthesizes the thyroid hormones thyroxine (T4) and the
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more metabolically active form of thyroxine, T3. Free thy-
roxine is the active form of the hormone and exerts a nega-
tive feedback on the pituitary and probably the hypothala-
mus. The plasma concentrations of these hormones provides
the clinician with a reliable means of assessing thyroid phys-
iological function. The half-lives of T4 and T3 are approxi-
mately 7 and 3 days, respectively. For this reason, thyroid
tests are commonly examined 4 to 6 weeks after altering
dosages of thyroid medications. 

The commonly employed thyroid function tests are listed
in Table 28.1. TSH is the single best test for diagnosis of hy-
per- and hypothyroidism. In hyperthyroid states, TSH is sup-
pressed. In mild cases of hyperthyroidism, the TSH may be
suppressed although thyroid hormone levels remain in the
normal range. However, in most cases all three parameters of
thyroxine measurement [free T4 (FT4), total T4, and total T3]
are increased simultaneously. Additionally, there are cases of
hyperthyroidism in which only T3 is measurably increased
(T3 thyrotoxicosis). In hypothyroid states, TSH is elevated
and the thyroxine parameters are below normal. In instances
of mild hypothyroidism, TSH is elevated with normal thy-
roxine parameters. Under certain physiological conditions,
such as pregnancy, patients on thyroid hormone replacement
require increased thyroid hormone dosage, as can be evi-
denced by a measured increase in TSH. 

Thyroid scan using 123I is a useful test to help diagnose
diseases of the thyroid involving abnormal thyroid function.
The thyroid scan has limited usefulness in the setting of 
a suspicion of thyroid malignancy. The common findings 
of thyroid scans include cold nodules, hot nodules (solitary
or multiple), and Graves’ disease.

Hyperthyroidism

Hyperthyroidism is caused by thyroid hormone excess. The
usual pathological states causing hyperthyroidism are toxic
nodule, toxic multinodular goiter, Graves’ disease, and the
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early stage of subacute thyroiditis. Iatrogenic thyrotoxicosis
can be caused by inappropriate dosage of thyroid hormone re-
placement. Symptoms associated with hyperthyroidism in-
clude heat intolerance, sweating, weight loss, tremulousness,
palpitations, restlessness, emotional instability, and insom-

nia. Atrial fibrillation is a common finding in older patients.
A severe form of hyperthyroidism called thyroid storm can
be precipitated by surgery, sepsis, or trauma in patients with
untreated or incompletely treated Graves’ disease.1,2 Storm
can have mortality rates of 20% to 30% and is characterized
by fever, hypotension, congestive heart failure (CHF), and cir-
culatory collapse. Treatment involves initial resuscitation
with i.v. fluids and cooling blankets. Potassium iodine is
given to suppress thyroid synthesis, and steroids are given to
treat associated adrenal insufficiency. Administration of �-
blockade, usually propranolol, is helpful in managing the 
cardiac manifestations. Propylthiouracil (PTU) is used to sup-
press thyroid hormone synthesis and also blocks the periph-
eral conversion of T4 to the more active metabolite T3.

Graves’ Disease

Graves’ disease is characterized by hyperthyroidism, goiter,
and exophthalmos. These features may occur singly or in any

FIGURE 28.1.  Thyroidectomy.
A. The patient is placed with the
neck in extension. The thyroid is
approached through a Kocher col-
lar incision, which is commonly
made approximately 2.0 cm supe-
rior to the sternal notch. B. The
strap muscles are divided in the
midline to expose the thyroid
gland. C. The strap muscles are
retracted laterally and the thyroid
is retracted medially, exposing
the structures of the mid-neck.
The recurrent laryngeal nerve can
be seen lying within the tra-
cheoesophageal groove. D. The
superior pole vessels are individu-
ally clamped and ligated as they
enter the thyroid gland. Inferior
thyroid vessels, as well as the
vessels of the thyroid (ima), are
individually suture-ligated. E. The
dissection is completed by dissec-
tion of the thyroid gland off the
trachea. The isthmus is then
transected and can be oversewn
with a suture for hemostasis. 
(Redrawn, with permission, from
Macdonald J. Haller D. Weigel R:
Endocrine System. Abeloff MD
(ed): Clinical Oncology. Churchill
Livingstone, 1995, p. 1051.) 

TABLE 28.1. Laboratory Evaluation of the Thryoid Patient.

Test Normal values

Free T4 0.73–2.01 ng/dl
TSH 0.4–4.0 �IU/ml
T3, total 100–190 ng/dl
T4, total 6.2–11.8 �g/dl
Thyroglobulin With thyroid gland: �20 ng/ml

Athyreotic on T4: �2 ng/ml
Athyreotic off T4: �5 ng/ml

Antithyroid microsomal Negative: �0.3 U/ml
24 hr 131I uptake 5%–30%

TSH, thyroid-stimulating hormone.



combination; approximately one-third of patients have man-
ifestations of thyrotoxicosis and eye findings with initial pres-
entation. The pathophysiology of Graves’ disease is attribut-
able to thyroid autoantibodies that recognize and stimulate
the TSH receptor.3 These antibodies stimulate growth of the
thyroid and increase synthesis of hormone. 

The thyroid in Graves’ disease is diffusely enlarged al-
though the enlargement can be asymmetrical. Distinct nod-
ules are unusual and should raise the suspicion of malig-
nancy. Thyroid carcinoma has been reported to occur in 5%
to 7% of patients undergoing surgery for Graves’ disease.4,5

Thyroid function tests should be used to confirm the diag-
nosis of hyperthyroidism. Normally patients present with a
suppressed TSH and elevated FT4. Thyroid uptake is in-
creased, with 50% to 90% of administered iodine dose lo-
calized to the thyroid. The thyroid scan in patients with
Graves’ disease demonstrates diffuse uptake, lacking nodu-
larity. The presence of a cold nodule noted on radioiodine
scan should raise the suspicion of malignancy and is an in-
dication for thyroidectomy.6

The initial treatment of Graves’ disease is aimed at es-
tablishing a euthyroid state. In the United States, the two
commonly used antithyroid medications are PTU and 
methimazole (Tapazole). These drugs inhibit thyroid hor-
mone synthesis by interfering with organification of iodine
in the thyroid. Additionally, PTU inhibits peripheral conver-
sion of T4 to T3. Following medical treatment, most patients
achieve a euthyroid state in approximately 6 weeks. For pa-
tients with cardiac manifestations associated with thyrotox-
icosis, a �-blocker such as propranolol may be added until a
euthyroid state is achieved. 

Although some clinicians treat patients with long-term
medical therapy, definitive treatment of Graves’ disease is ac-
complished with either radioactive iodine (RAI) or surgery. In
the United States, RAI treatment has become the preferred
treatment option.7 The thyroid gland in Graves’ disease is ex-
tremely sensitive to RAI. Using this approach, thyrotoxico-
sis can be cured in 80% to 90% of patients. In some instances,
retreatment or surgery is required. Contraindications to the
use of RAI include pregnancy and a suspicion of thyroid 
malignancy. 

Thyroidectomy is an alternative treatment option for
Graves’ disease. There are two basic approaches to surgical
treatment. Some surgeons perform a lobectomy on one side
and a subtotal thyroidectomy on the contralateral lobe leav-
ing approximately 4 g of tissue. The intent of this approach
is to render the patients euthyroid without the need for med-
ication. An alternative approach is to perform a total or near-
total thyroidectomy and treat patients with thyroxine re-
placement postoperatively. There is a reported incidence of
recurrent hyperthyroidism of 4% to 15% in patients treated
by subtotal thyroidectomy.8,9 Total thyroidectomy has a
lower recurrence rate and has been shown to result in lower
antithyroid antibodies compared to subtotal thyroidectomy.8

Toxic Multinodular Goiter

The thyroid in patients with toxic multinodular goiter (MNG)
usually contains several palpable nodules. Local symptoms of
difficulty in breathing or swallowing are more common than
in Graves’ disease. Thyroid function tests indicate hyperthy-
roidism with a suppressed TSH although a normal FT4 and

T3 is a common finding. Thyroid scan demonstrates several
nodules that usually have varying degrees of uptake. Cold ar-
eas noted on scan are also commonly seen. For patients with
overt thyrotoxicosis, medical treatment with antithyroid
medications is the initial treatment. 

Definitive treatment for toxic MNG can be accomplished
with RAI or surgery. Compared to RAI, thyroidectomy has
been shown to render patients euthyroid sooner.10 Total thy-
roidectomy is the preferred surgical procedure for toxic MNG
because it is more likely to cure hyperthyroidism compared
to subtotal thyroidectomy or thyroid lobectomy.10

Toxic Nodule

A solitary hot nodule is usually caused by a follicular ade-
noma, although in children hot nodules may be malignant.
Nodules larger than 3 cm often cause overt thyrotoxicosis.
Thyroid scan demonstrates a hot nodule with partial or com-
plete suppression of the remaining thyroid. After the patient
is rendered euthyroid, definitive treatment can be accom-
plished with RAI or surgery (most often lobectomy). The rates
of persistent hyperthyroidism and posttreatment hypothy-
roidism after RAI are both approximately 10%.11

Hypothyroidism

Hypothyroidism is the result of a deficiency of thyroid hor-
mone and is characterized by cold intolerance, weight gain,
constipation, dry skin, brittle hair, hoarse voice, difficulty
concentrating, and fatigue. Hypothyroidism is usually the re-
sult of thyroiditis or the result of surgery or RAI ablation.
Thyroid function tests demonstrate an increased TSH and a
low FT4 and T3. Hypothyroidism is treated with thyroxine
replacement starting with a low dose and increasing the dose
to achieve a euthyroid state.

Hashimoto’s Thyroiditis

Hashimoto’s thyroiditis, also known as chronic lymphocytic
thyroiditis, is the most common form of thyroiditis. The dis-
ease occurs almost exclusively in women, usually in middle
age. Nodules may be present, and some patients develop lo-
cal symptoms of compression. Usually, however, patients
have no local symptoms and lack thyroid tenderness that is
characteristic of subacute thyroiditis. Antithyroid antibodies
can be detected in the serum of patients with Hashimoto’s
thyroiditis. Antimicrosomal and antithyroglobulin antibod-
ies are usually measured. Treatment involves supplementa-
tion with thyroxine. Surgery is rarely indicated and is reserved
for patients with local compression or in cases in which ma-
lignancy is suspected.

Subacute Thyroiditis

Subacute thyroiditis is characterized by a tender swelling of
the thyroid that usually lasts for 2 to 4 months. The initial
presentation may be associated with hyperthyroidism. Treat-
ment during this stage of the disease relies on nonsteroidal
antiinflammatory drugs to treat local symptoms. Steroids have
been used but may be associated with a protracted course. Sev-

THYROID 3 8 1



eral months following initial presentation, patients may de-
velop hypothyroidism. The disease is characterized by recur-
rence but is usually self-limited. Surgery is rarely indicated,
and patients are treated with thyroid replacement.

Goiter

Goiter is a term commonly used to refer to a benign en-
largement of the thyroid gland. Goiters can be diffuse or
multinodular. Iodine deficiency has been shown to cause goi-
ters. These patients also demonstrate an elevated TSH that
is likely to be the etiology of thyroid enlargement in this con-
dition. In most cases, thyroid function is normal and there is
little to be gained from treatment with thyroxine. 

Goiters often cause symptoms from local compression.
These large glands concentrate iodine poorly as compared to
their size. Therefore, RAI is not effective in treating goiters
that occur in the euthyroid setting. Surgical resection is in-
dicated in most cases because of local compression. Postop-
eratively, patients should be treated with thyroid hormone
replacement.

Evaluation of the Thyroid Nodule

Figure 28.2 outlines one approach to the evaluation of thy-
roid nodules. Determining the clinical setting is the first step
of evaluation. The treatment of asymptomatic nodules is
largely dependent upon the results of FNA.12,13 The use of ra-

dioiodine scan has limited value in the evaluation of thyroid
nodules.12-14 Nodules that are symptomatic, causing diffi-
culty swallowing or breathing, usually require surgery. The
occurrences of large nodules (usually �5 cm), recurrent cysts,
or nodules with a clear history of growth are also indications
for surgical treatment. However, FNA can help guide the
choice of surgical procedure. The finding of lymphoma or
anaplastic cancer in this setting also significantly alters the
treatment plan.

Fine-Needle Aspiration

Most thyroid nodules are benign, and the use of FNA has re-
duced the number of patients requiring surgical excision. Re-
sults from FNA can be characterized into one of four cate-
gories.12,13

PAPILLARY CANCER OR SUSPICIOUS FOR PAPILLARY CANCER

A number of cytological criteria are present in papillary thy-
roid cancer (PTC). When the majority of these features are
present, the diagnosis of papillary cancer is made and is con-
firmed in 98% of cases on permanent sections.15

INDETERMINATE

The finding of indeterminate FNA refers to follicular neo-
plasms that are either follicular adenoma (FA), follicular thy-
roid carcinoma (FTC), or Hürthle cell neoplasms. Approxi-
mately 20% of indeterminate FNAs are found to be malignant
on permanent section.16
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FIGURE 28.2.  Flow diagram for
evaluation of thyroid nodule in 
patients with normal thyroid func-
tion tests (TFTs). 



BENIGN

The chance that a thyroid cancer will yield a benign result
on FNA is approximately 4%.15,16

INADEQUATE

The category designated inadequate indicates a poor aspirate
and should be repeated. 

Frozen Section Evaluation of Thyroid Nodules

There is some debate as to the role of frozen section evalua-
tion at the time of surgery to aid in determining the extent
of operation. At this time, it cannot unequivocally be rec-
ommended for use in determining extent of resection.

Thyroid Cancer

There are approximately 17,000 new cases of thyroid cancer
annually in the United States.17 However, the annual mor-
tality from thyroid malignancies is only 1,200, indicating that
most patients with thyroid cancer have an excellent progno-
sis. The male to female ratio of thyroid cancer incidence is
1:2.7, but the ratio of cancer-associated mortality is 1:2, in-
dicating that the tumors may be slightly more aggressive in
men. Table 28.2 summarizes the common histological types
of thyroid malignancies. The majority of thyroid cancers are
well-differentiated tumors that are derived from thyroid fol-
licular epithelium. Anaplastic cancer is also derived from fol-
licular epithelial cells and may represent a more malignant
transformation of well-differentiated tumors. Medullary thy-
roid cancer (MTC) is derived from the calcitonin-secreting C-
cells or parafollicular cells of the thyroid. Thyroid lymphomas
and metastases to the thyroid account for 5% to 6% of thy-
roid malignancies.

Radiation-Associated Thyroid Cancer

Ionizing radiation exposure increases the incidence of benign
and malignant thyroid nodules. Most of the radiation-induced
thyroid malignancies are PTC. 

Molecular Genetics of Thyroid Cancer

One of the earliest observations indicating a genetic basis for
thyroid cancer was the recognition of the association between
familial adenomatous polyposis (FAP) and the development of

PTC.18 Inheritance of a mutation of the adenomatous poly-
posis coli (APC) gene results in predisposition to FAP. The in-
creased incidence of PTC in FAP patients implies a role for
APC mutations in thyroid oncogenesis. 

There is a familial form of PTC that occurs independent
of FAP. As with other familial cancers, these tumors demon-
strate vertical transmission in consecutive generations.19 Al-
though the cancers do not appear to occur at an earlier age,
they are more often multifocal and bilateral. The gene re-
sponsible for familial PTC has not been identified. 

The ret proto-oncogene is a receptor tyrosine kinase that
has been identified as the gene responsible for inheritance of
MEN2A, MEN2B, and familial MTC.20–22 Ret mutations have
also been examined in PTC.23 Three chromosomal rearrange-
ments have been reported between ret and one of three loci
designated PTC1, PTC2, and PTC3.24–27 These rearrange-
ments result in overexpression of ret chimeric proteins. 

N-ras activation has been examined in thyroid cancer.28,29

and was also shown to be an independent prognostic factor
for increased mortality. Other data, however, have suggested
a role for ras activation in early thyroid tumorigenesis.30 

Clinical studies have demonstrated that p53 overexpres-
sion is an independent prognostic factor for survival of pa-
tients with thyroid cancer.31 These studies support the hy-
pothesis that p53 mutation in thyroid cancer plays a role in
progression to a more aggressive phenotype.

Well-Differentiated Thyroid Cancer

Papillary thyroid cancer (PTC) accounts for 80% to 90% of
well-differentiated thyroid cancers. Within the last decade, it
has become recognized that there is a follicular variant of pap-
illary cancer that lacks the normal papillary architecture. The
follicular variant is recognized by cytological features shared
with other PTC, and the clinical course of this tumor is con-
sistent with the papillary phenotype.32 Occult papillary car-
cinoma (OPC) of the thyroid has been reported in a signifi-
cant percentage of the population. OPC has histological
features that are indistinguishable from clinically evident
PTC; however, OPC is less than 10 mm and is generally con-
sidered to be a benign entity because it is found incidentally
in thyroid specimens or at autopsy in approximately 20% of
the general population.33

EXTENT OF SURGERY

There has been long-standing controversy concerning the ap-
propriate extent of surgical resection for well-differentiated thy-
roid cancer.34,35 Studies examining the outcome of thyroidec-
tomy for patients with thyroid cancer are all retrospective.

PROPONENTS OF LESS THAN TOTAL THYROIDECTOMY

The basis for this position is that there is insignificant im-
provement of recurrence or mortality to justify the potential
risk of recurrent laryngeal nerve injury or permanent hy-
poparathyroidism for performing more than a lobectomy in
most cases. The reported incidence of recurrent nerve injury
(0%–7%) and permanent hypoparathyroidism (0%–8%) varies
with the extent of operation, the history of previous neck
surgery, and the experience and training of the surgeon.34,36–40

The majority of studies advocating lobectomy have focused
on the low-risk group [based upon AMES (age, metastasis, 
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TABLE 28.2. Types of Thyroid Cancers.

Tumor histology Incidence (%)

Well-differentiated 85
Papillary (80%–90%)

(papillary and follicular variant)
Follicular (10%–20%)

(micro- and macroinvasion, Hürthle)
Medullary 6–8
Anaplastic 2–4
Lymphoma 4–5
Metastatic �1



FIGURE 28.3.  Recurrence rate and cancer death for well-differenti-
ated thyroid cancer as a function of patient’s age at diagnosis. (From
Mazzaferri and Jhiang,51 with permission.) 

extent, size) criteria].41 For low-risk patients, lobectomy ap-
pears to be adequate.42–45

PROPONENTS OF TOTAL THYROIDECTOMY

A number of considerations argue in favor of treating thy-
roid cancer patients with a total thyroidectomy. First, pa-
tients with thyroid cancer are usually treated with thyroid
hormone replacement to suppress TSH so there is no func-
tional reason to preserve a thyroid lobe. Second, thyroid can-
cer is multifocal in 10% to 30% of cases, and resecting the
contralateral lobe removes foci of cancer that might other-
wise metastasize. Third, total thyroidectomy facilitates
treatment with radioactive iodine (RAI) because it removes
normal thyroid tissue that would take up iodine and also al-
lows treatment under a hypothyroid protocol. Fourth, pa-
tients treated with total thyroidectomy and RAI often have
undetectable or very low thyroglobulin (Tg) levels, thus fa-
cilitating the use of this test as a screen for recurrence. Fifth,
there is evidence that total thyroidectomy results in fewer
recurrences and less mortality compared to lesser procedures.
Given the low complication rate for thyroidectomy among
most endocrine surgeons, total thyroidectomy seems to be
evolving into the treatment of choice for well-differentiated
thyroid cancer.46

RADIOACTIVE IODINE

RAI has been successfully used for many years to ablate nor-
mal thyroid remnants and residual carcinoma following sur-
gical resection. The usual protocol after thyroidectomy with-
holds thyroid hormone replacement for 4 to 6 weeks to induce
a hypothyroid state. The elevation in TSH stimulates iodine
uptake in residual thyroid tissue and thyroid carcinoma. In
the face of elevated TSH, an increase in Tg levels is also usu-
ally evident. 

The rates of complications from RAI treatment, which in-
clude radiation thyroiditis, chronic sialoadenitis, odynopha-
gia, and facial edema, are low. Complication rates and the
need for repeated treatments are higher with less extensive
surgery.47,48 RAI does not appear to have adverse effects on
female fertility49 but at least one study indicated an associa-
tion with transient impairment of testicular function.50

PROGNOSIS OF WELL-DIFFERENTIATED THYROID CANCER

A number of variables that have been shown to influence
prognosis for well-differentiated thyroid cancer are listed in
Table 28.3. Fixed characteristics are based on clinical para-

meters that are present at the time of diagnosis. Variable char-
acteristics can be influenced by treatment and may give clin-
icians an opportunity to improve outcome in patients.

AGE

Some series have demonstrated that age is the single most sig-
nificant variable affecting mortality.41,45 Interestingly, recur-
rence has a bimodal distribution with age (Fig. 28.3). Although
recurrence rates are higher in younger patients, mortality re-
mains relatively low.51,52 By contrast, recurrence in patients
over the age of 45 is a poor prognostic indicator, and overall
mortality rates increase linearly with age of patients at pre-
sentation.

SIZE

There is a nearly linear increase in mortality with the diam-
eter of the primary tumor at presentation.51 Tumors less than
1 to 1.5 cm have negligible cancer-related mortality and a 30-
year recurrence rate of 11%.51 Tumors more than 3 to 4 cm
in diameter have a 30-year disease-specific mortality of 20%
to 30%.51,53

EXTENT OF TUMOR INVASION

Extrathyroidal tumor invasion carries a worse prognosis than
tumors that are intrathyroidal or have minor capsular inva-
sion. Tumors that invade adjacent structures such as strap
muscles or trachea are associated with high recurrence and
mortality.41,51,53,54 As may be expected, inability to com-
pletely resect tumor is associated with a worse outcome,53,55

and completely resecting disease can improve outcome even
in the presence of local invasion.55

METASTASIS

Patients over age 45 with distant metastatic disease at pre-
sentation have 15-year and 30-year mortality rates of 50% to
65% and 65% to 70%, respectively.51,53 Papillary cancer fre-
quently metastasizes to lung, and this is exclusively the site
of metastasis in children. Bone metastasis is also common in
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TABLE 28.3. Prognosis.

Fixed factors affecting Variable factors affecting
prognosis prognosis

Age of patient Extent of thyroidectomy
Clinical stage of primary Use of RAI

Size Time from diagnosis to treatment
Extension

Lymph node metastasis
Distant metastasis
Histology
Gender



older patients and in patients with follicular cancer. Other
less common sites of metastasis include brain and liver.56

Lymph node metastasis is common in well-differentiated
thyroid cancer. However, lymph node involvement has a
modest effect on prognosis. In patients with T1–T3 primary
tumors, the 30-year mortality rates for patients with nodal
involvement is 4% to 6% compared to 0% to 1% without
nodal metastasis.51,57 Nodal metastasis has been found to in-
fluence prognosis except in cases of T4 tumors (extrathyroidal
invasion), supporting the role of lymphadenectomy as part of
the initial surgical treatment.57

HISTOLOGY

Many studies have demonstrated prognostic differences be-
tween papillary and follicular cancers,58–60 but results are 
inconsistent.

GENDER

Women with well-differentiated thyroid cancer tend to
demonstrate an improved prognosis compared to men.51,61

TREATMENT VARIABLES

A number of retrospective studies have reported that treat-
ment modalities can influence the prognosis of thyroid can-
cer. As noted earlier, extent of surgery and use of RAI have
been reported to improve recurrence and mortality from thy-
roid cancer. Time from first recorded tumor manifestation to
initial treatment has been reported to have a significant ef-
fect on outcome. In a study of 1,355 patients, those who died
of cancer had a mean delay of 18 months compared to 4
months for those who survived (p � 0.001).51

TUMOR STAGING

Based upon the variables determined to affect prognosis, sev-
eral staging systems have been devised for thyroid cancer. 
The AMES (Age, Metastasis, Extent, Size)41 and AGES (Age,
Grade, Extent, Size)62 systems use similar categories and have
been shown to be predictive of high- and low-risk patients.
Clinical class has been applied with good success and is based
on tumor spread: class I, intrathyroidal disease; class II, lymph
node metastases; class III, extrathyroidal invasion; class IV,
distant metastases.53 The TNM system63 has been developed

and can be used to assess tumor stage as shown in Tables
28.4 and 28.5. The approximate 30-year mortality rates for
stages I, II, III, and IV are 0% to 1%, 6%, 10% to 15%, and
65% to 80%, respectively.51,53,64

FOLLOW-UP FOR PATIENTS WITH THYROID CANCER

After initial treatment for thyroid cancer, patients are fol-
lowed for tumor recurrence at 6-month intervals for the first
3 years and yearly thereafter.13 The plan for following patients
is influenced by the suspicion of possible recurrence based on
prognostic factors. Patients are usually treated with suppres-
sive doses of thyroxine. The goal of thyroid suppression is to
have TSH levels at the lower limit of normal or slightly be-
low normal without signs or symptoms of hyperthyroidism.
Thyroglobulin (Tg) levels are a useful means to detect tumor
recurrence.13,65,66 In the setting of a rising Tg level, patients
should have thyroid replacement withheld and a thyroid scan
performed. As a general guideline, recurrences detected by
scan alone can be treated with RAI. Recurrences that can be
detected clinically by either physical exam or imaging (ul-
trasound, CT, or MRI) should undergo surgical resection fol-
lowed by RAI.67 It is important to obtain cytological confir-
mation of thyroid cancer before subjecting a patient to
exploration. Ultrasound-guided biopsy is a particularly useful
technique to confirm the presence of local recurrence.68 Re-
cent imaging modalities with real-time MRI using a split mag-
net have also been successful for biopsy of potential recur-
rence not accessible with ultrasound. 

Medullary Thyroid Cancer

Medullary thyroid cancer (MTC) is derived from the calcitonin-
secreting C-cells or parafollicular cells of the thyroid. Because
MTC can occur in association with familial cancer syndromes
(MEN2A, MEN2B, and familial MTC), family members should
be screened for the presence of ret mutations.69 Surgical treat-
ment at a young age, before the development of carcinoma,
can be performed safely and will likely cure patients of an oth-
erwise incurable disease.70 Patients with MTC should also be
screened for pheochromocytoma because this tumor occurs in
approximately 40% of MEN2 patients.71

Primary surgical treatment for MTC is a total thyroidec-
tomy and central node dissection.69,72 Patients with
pheochromocytoma should undergo adrenalectomy first, al-
though combination procedures have been described with ex-
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TABLE 28.4. TNM Classification of Malignant Tumors of the 
Thyroid Gland.

Primary tumor (T stage)
Tx Tumor cannot be assessed
T0 No clinical evidence of tumor
T1 Tumor �1 cm
T2 Tumor �1 cm and �4 cm
T3 Tumor �4 cm
T4 Tumor extending beyond thyroid capsule

Regional lymph nodes (N stage)
N0 No palpable nodes
N1 Regional nodal metastases

N1a Ipsilateral nodes
N1b Contralateral, bilateral, or mediastinal nodes

Distant metastases (M stage)
Mx Metastases cannot be assessed
M0 No evidence of distant metastases
M1 Distant metastases present

TABLE 28.5. Clinical Staging of Thyroid Cancer.

Medullary
Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III AnyT N1 M0
Stage IV AnyT AnyN M1

Undifferentiated: all cases stage IV 
Papillary or follicular

Cases �45 yr of age Cases �45 yr of age

Stage I AnyT AnyN M0 T1 N0 M0
Stage II AnyT AnyN M1 T2 N0 M0
Stage III T3,T4 N0 M0
Stage IV AnyT AnyN M1



cellent results. The cancer-specific mortality for MTC at 5
and 10 years is approximately 30% and 40%, respectively.
Calcitonin and carcinoembryonic antigen (CEA) levels may
be followed for evidence of recurrence.73,74

Anaplastic Thyroid Cancer

Patients with anaplastic thyroid cancer (ATC) usually present
with a rapidly enlarging neck mass, often associated with dys-
phagia or airway obstruction. ATC has the worst prognosis of
all thyroid malignancies, with 5-year survival rates of approxi-
mately 10%.75 The goal of surgical treatment is to maintain a
patent airway and, if possible, clear the neck of disease. Surgery
has a limited role in the primary treatment. Once the diagno-
sis is established, patients should be treated with hyperfrac-
tionated radiotherapy and doxorubicin-based chemotherapy.76
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Adrenal
Robert Udelsman

Anatomy

The adrenal glands are paired retroperitoneal organs located
in close contact to the superior surface of either kidney. They
are surrounded by a loose layer of areolar connective tissue
and have multiple fibrous bands and vascular attachments
through which they are associated with the superior poles of
the kidneys. They are recognizable by their firm texture and
chromate yellow color, which is distinctly darker than the
pale retroperitoneal fat. The normal adrenal gland is slightly
nodular and generally weighs between 4 and 5 g in the adult.1

The presence of adrenal nodules is not uncommon, and their
frequency increases with age.2

The anatomical relationships of the adrenal glands are im-
portant and have significant surgical ramifications. The CT
findings of the normal adrenal glands (Fig. 29.1) are easily vi-
sualized on most CT scans, and the width of each adrenal gland
limb is similar to that of the nearby diaphragm. Their anatom-
ical relationships have been summarized by Mihai and Farn-
don1 (Table 29.1). The location of the adrenal gland deep in the
retroperitoneum has in the past made them relatively inac-
cessible. However, laparoscopic adrenalectomy has dramati-
cally changed the surgical management of adrenal tumors.

Each adrenal gland is supplied by small arterial branches
that originate from three distinct sources. The major supply-
ing vessels are the inferior phrenic artery, the aorta, and the
ipsilateral renal artery. Occasional additional sources include
the intercostal and ovarian vessels. The arterial branches ram-
ify over the capsule of the gland and form a subcapsular
plexus.1,3 The major source of adrenal medullary blood appears
to be via the adrenal cortex from which blood rich in gluco-
corticoids flows from the cortical layers into the medulla.3 This
intraadrenal “portal venous” circulation has significant phys-
iological ramifications. The final pathway for the cata-
cholamine epinephrine requires the enzyme phenylethano-
lamine N-methyltransferase (PNMT), and glucocorticoids are
required for this final step.4 Thus, there is significant func-
tional interaction between the adrenal medulla and cortex.
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The venous drainage of the adrenal gland is more constant
than the arterial supply. The right adrenal gland usually drains
by one short vein, which empties directly into the vena cava.
Accessory adrenal veins are not infrequently present. The left
major adrenal vein is often joined by the inferior phrenic vein,
which drains into the left renal vein. There may be associ-
ated small additional veins. Lymphatic drainage from the
adrenal glands drains directly into adjacent, periaortic and
paracaval nodes. These structures are important when oper-
ating for malignant adrenal lesions.3

Physiology

The adrenal gland is composed of two distinct organs, the
adrenal cortex and the adrenal medulla. The cortex is divided
into three functional zones: the outer glomerulosa, the in-
termediate fasciculata, and the inner reticularis. These three
zones are associated with the production of mineralocorti-
coids, glucocorticoids, and sex steroids, respectively. Of these
three hormone classes, the only one absolutely required for
life is glucocorticoids.

Glucocorticoids exert a myriad of effects on essentially
every tissue in the body. A partial list of the effects of gluco-
corticoids is presented in Table 29.2. Cortisol is the major glu-
cocorticoid in humans. The rate-limiting step in adrenal steroid
synthesis, which is controlled by adrenocorticotropic hormone
(ACTH), is the cleavage of the cholesterol side chain to yield
pregnenolone.5,6 Glucocorticoids are secreted directly into the
circulation immediately upon their synthesis. Cortisol circu-
lates in both the bound form (95%) and in a free unbound state
(5%). The free form passes into target cells by diffusion and
binds to cytosolic receptors. All physiological actions of glu-
cocorticoids are mediated through binding to steroid receptors,
which are present in virtually every nucleated cell.7 The ac-
tions of glucocorticoids are both “permissive,” allowing other
hormones to function in the basal state, as well as “regula-
tory,” which are observed under stress-induced conditions.8



The autonomic nervous system develops in parallel to the
hypothalamic–pituitary–adrenal (HPA) axis. The adrenal me-
dulla is embryologically analogous to a peripheral sympa-
thetic ganglia. The medullary chromaffin cells have rudi-
mentary nerve fibers and the ability to synthesize, store, and
secrete catecholamines.9 The primary secretory product of the
adrenal medulla is epinephrine. The proximity of the adrenal

medulla and the adrenal cortex results in a unique site of 
catecholamine–glucocorticoid interactions.10,11

The biosynthetic pathway for catecholamines is demon-
strated in Figure 29.2.12 Epinephrine constitutes approxi-
mately 80% of adrenal medullary secretion.13

Adrenal Imaging

The adrenal glands are relatively inaccessible retroperitoneal
organs that are surrounded by perinephric fat. Plain abdomi-
nal films have a very limited role in adrenal imaging. How-
ever, they can detect calcifications, especially in children who
have had neonatal hemorrhage or have neuroblastoma. In
adults, calcifications of the adrenal glands are highly sugges-
tive of granulomatous disease including tuberculosis, histo-
plasmosis, and sarcoidosis. Ultrasonography can detect adre-
nal lesions and is a relatively inexpensive method to serially
follow small adrenal adenomas. Adrenal ultrasound has a lim-
ited role for diagnostic purposes and is largely supplemented
by computed tomography (CT) or magnetic resonance imag-
ing (MRI) scans. Intraoperative ultrasound performed during
laparoscopic adrenalectomy has proven to be a useful modal-
ity. It can identify the location of small adrenal glands and
delineate their vasculature.14

CT Scans

Computed tomography scanning of the adrenal gland has
proven to be the diagnostic procedure of choice for most pa-
tients. Simple cysts and myelolipomas can be diagnosed with
virtual certainty based on their CT characteristics. Intra-
venous contrast is generally not required, and a low attenu-
ation value on an unenhanced CT scan can help differentiate
benign (low density) from malignant lesions as well as metas-
tases, which generally have a higher density.15–17 Lesions
with low Hounsfield units (HU) are most likely benign,
whereas lesions that have a HU density greater than 20 are
more likely to be malignant.18 Accordingly, it has been sug-
gested that a cutoff point of 30 HU should be accepted for
discriminating malignant and benign lesions.19

MRI Scan

Magnetic resonance imaging (MRI) has a significant role in
the evaluation of adrenal tumors. Nonfunctioning adenomas
appear on T2-weighted images like normal adrenal tissue.
Functional adenomas tend to demonstrate a slightly increased
signal intensity, whereas adrenal metastases or primary
adrenal cortical carcinomas tend to be relatively bright. En-
hancement on T2-weighted images is particularly useful for
pheochromocytomas and therefore MRI appears to be the
imaging study of choice in patients with suspected pheochro-
mocytomas.

Radioisotope Scan

Iodocholesterol-labeled agents including 131I-6-�-iodomethyl-
19-norcholesterol (NP59) are incorporated into steroidogene-
sis pathways in the form of intracellular cholesterol and there-
fore have the ability to visualize functional adrenal cortical
lesions.20 However, NP59 is not readily available at most in-
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FIGURE 29.1.  CT scan demonstrating normal adrenal glands (ar-
rowheads). (From Sosa JA, Udelsman R. Imaging of the adrenal gland.
In: Kurtzman S, ed. Surgical Oncology Clinics of North America.
Philadelphia: Saunders, 1998;109–127, with permission.)

TABLE 29.1. Anatomical Relations of the Adrenal Glands.

Surface Area Description

Right Adrenal
Anterior Medial area Not covered by peritoneum; 

posterior to the inferior vena
cava

Lateral area Upper part in contact with the 
inferomedial angle of bare area
of liver; lower part may be cov-
ered by peritoneum, reflected
onto it from the inferior layer
of the coronary ligament

Posterior Upper area Rests against the diaphragm
Lower area In contact with the superior pole 

and the adjacent anterior sur-
face of right kidney

Medial Right celiac ganglion
border Right inferior phrenic artery

Left Adrenal
Anterior Superior area Covered with peritoneum of the 

omental bursa, which separates
it from the cardia

Inferior area Not covered by peritoneum; in 
direct contact with the tail of
pancreas and splenic artery

Posterior Medial part In contact with left crus of 
diaphragm

Lateral part Close to the kidney
Medial Left celiac ganglion
border Left inferior phrenic artery

Left gastric arteries

Source: Reprinted with permission from Mihai R, Farndon JR. Surgical embry-
ology and anatomy of the adrenal glands. In: Clark OH, Duh QY, eds. Textbook
of Endocrine Surgery. Philadelphia: Saunders, 1997:452.



stitutions and dexamethasone pretreatment is required.21

These two factors limit its clinical utility.
Meta-iodobenzylguanidine (MIBG) is frequently used for

the evaluation of pheochromocytoma as well as neuroblas-
toma. 131I-MIBG and 123I-MIBG are concentrated in cate-
cholamine storage vesicles and therefore are useful in sus-
pected cases of pheochromocytoma.22,23 In cases of
extraadrenal disease, which has a lower propensity for MIBG

uptake, positron emission tomography (PET) utilizing 2-flu-
orine-18-fluoro-2-deoxy-D-glucose (FDG) may be useful.24

Angiography

Angiography and venography were at one time more com-
monly employed for the evaluation of adrenal tumors. These
procedures have been largely replaced by noninvasive imaging.
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TABLE 29.2. Glucocorticoid Actions.

Area Increase Decrease

Liver Gluconeogenesis, glycogenesis, Glycogenolysis
protein synthesis

Muscle Lactate release Protein synthesis
Peripheral tissues Glucose uptake and use

(increased insulin levels)
Adipose tissue Lipolysis, redistribution of body fat
Bone Osteoporosis, osteoclast Intestinal absorption of calcium, 

activity, PTH renal reabsorption of calcium
Cardiovascular Vascular tone, binding to

mineralocorticoid receptor, 
catecholamine synthesis

Immunological Immunosuppression Production and activity of
prostaglandins, kinins, and
histamine

Leukocyte distribution Leukocyte movement, antigen 
processing

Wound healing Collagen formation, glycos-
aminoglycan, and fibroblast
function

CNS Behavior and mood effects

CNS, central nervous system; PTH, parathyroid hormone.

Source: Udelsman R, Holbrook NJ. Endocrine and molecular responses to surgical stress. Curr Prob Surg 1994;8:653–728,
with permission.

FIGURE 29.2.  Biosynthetic pathway for catecholamines, their reg-
ulatory enzymes, and interactions with the hypothalamic–pituitary–
adrenal (HPA) axis. ACTH, adrenocorticotropic hormone. (From

Udelsman R, Holbrook NJ. Endocrine and molecular responses to
surgical stress. Curr Probl Surg 1994;31:653–728, with permission.)



Pertucaneous Biopsy

Percutaneous biopsy of the adrenal gland can be performed un-
der either CT or ultrasound guidance. However, there are very
few appropriate indications for this procedure. A percutaneous
biopsy cannot reliably distinguish between an adrenal adenoma
and an adrenal carcinoma.25 The most common indication is
in the setting of suspected metastatic disease to the adrenal
gland. In such a case, when a fine-needle aspiration demon-
strates nonadrenal malignant tissue the diagnosis of metasta-
sis is confirmed. This procedure should never be performed in
a patient until a biochemical workup has been completed to
rule out a pheochromocytoma because sudden death has been
reported following biopsy of unsuspected pheochromocytoma.

Incidentaloma

Adrenal “incidentalomas” are adrenal tumors discovered on an
imaging study that has been obtained for indications exclusive
of adrenal-related conditions. The frequent use of CT scans,
which can detect adrenal lesions greater than 1 cm, has re-
sulted in their detection in 0.35% to 5% of studies.2 The eval-
uation and decision paradigm for an incidentaloma hinges on
three issues: (1) Is it functional? (2) Is it likely to be a malig-
nant adrenal tumor? (3) Is it metastatic? The evaluation is fo-
cused on answering each of the foregoing questions.

Hormone Evaluation

All evaluations begin with a detailed history and physical ex-
amination. If symptoms or signs suggesting a functional
adrenal neoplasm are detected, then, in addition to a routine
screening evaluation, specific hormone studies are indicated.
However, most patients are asymptomatic. The CT findings
of a specific subset of adrenal masses including simple adrenal
cysts and myelolipomas can be pathognomonic. In these in-
stances, hormonal screening studies are not required.26,27

Screening studies are directed at three specific syndromes:
pheochromocytoma, aldosteronoma, and Cushing’s syn-
drome. Pheochromocytomas are rare. However, because the
risk of complications associated with an occult pheochro-
mocytoma is significant, virtually all investigators agree that
all incidentaloma patients should be screened for cate-
cholamine hypersecretion.27–29 Most commonly, urinary col-
lections over 24 h are obtained in bottles containing acid.
These collections are analyzed for metanephrines, vanillyl-
mandelic acid (VMA), or fractionated catecholamines.

The screen for aldosteronoma in the setting of an inci-
dentaloma is often limited. If the patient is normotensive and
not receiving hypertension or diuretic therapy and has a nor-
mal serum potassium (�3.5 mEq/l), then an aldosteronoma
is very unlikely. If the patient does not satisfy these criteria,
then an aldosteronoma evaluation is performed as delineated
later in this chapter.

Cushing’s syndrome is important to consider in all pa-
tients with adrenal tumors. Patients with advanced Cushing’s
syndrome present with classic symptoms and signs of gluco-
corticoid excess and are therefore not difficult to diagnose.
However, patients not uncommonly present with subtle stig-
mata of Cushing’s syndrome or with occult or “subclinical”
disease. In this situation the patient has an adrenal adenoma
that has attained functional autonomy in its ability to secrete

glucocorticoids but has not yet manifest findings of Cush-
ing’s syndrome.30 This silent but subtle hypercortisolism oc-
curs in approximately 15% of patients with incidentalomas.30

It is important to rule out subclinical Cushing’s syndrome for
two reasons: (1) if one elects not to perform an adrenalectomy,
then the endocrinopathy will continue and deleterious effects
will occur, and (2) if one does perform an adrenalectomy, the
contralateral adrenal will be suppressed, and if perioperative
glucocorticoids are not administered the patient will be at
risk for Addisonian crisis.

It is important to recognize that an incidentaloma may
represent a metastatic lesion in the adrenal gland. The ma-
jority of patients with metastatic disease to one or both
adrenal glands have both a history of malignant disease and
metastases to multiple additional sites. In the setting of wide-
spread metastatic disease, the adrenal disease is not treated
directly as it represents only a small focus of total tumor bur-
den. Patients with bilateral adrenal metastases are at some
risk for adrenal insufficiency.

An important and unresolved issue in the management of
incidentalomas is the determination of what size of adrenal
tumor is in itself an indication for extirpation. In the absence
of scientific trials an empiric approach has been employed.
Virtually all experts agree that any lesion greater than 5 cm
on initial presentation should be excised because of the risk
of malignancy. Lesions less than 3 cm are generally followed
with serial imaging studies. Several experienced investigators
have recommended excision of all adrenal tumors greater than
4 cm.31,32 If one elects not to excise an incidentaloma, then a
follow-up imaging study should be obtained at a relatively
short interval (approximately 3 months) to determine if serial
growth has occurred. Lesions that grow should be excised.

An algorithm for the evaluation of incidentally discovered
adrenal masses is depicted in Figure 29.3. It is based upon a
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FIGURE 29.3.  Recommended evaluation for incidentally discovered
adrenal mass.



systematic literature review and the acceptance of 4.0 cm as
a size that is in itself an indication for adrenalectomy.

Hyperaldosteronism

Excessive secretion of aldosterone results in hypertension and
hypokalemia. It may be caused by primary aldosteronism, an
intrinistic abnormality of one or both adrenal glands. It can
also be caused by excessive renin secretion, which results
from a low effective arterial blood volume, in which case it
is termed secondary aldosteronism.33 Primary aldosteronism
is rare, with a prevalence among hypertensive patients esti-
mated to range between 0.05% and 2%.34 Aldosteronomas
occur in approximately 65% of patients with primary aldos-
teronism. They are almost always unilateral and are often less
than 2 cm in size.

It is extremely important to distinguish a unilateral aldos-
teronoma from idiopathic hyperaldosteronism (IHA), which oc-
curs in 25% of patients with primary aldosteronism and is
caused by bilateral adrenal hyperplasia. In this case both
adrenal glands contain multiple macro- and microscopic nod-
ules. Importantly, unilateral adrenalectomy in the setting of
IHA is not curative. Unfortunately, the distinction between 
aldosterone-producing adenoma (APA) and IHA can be difficult. 

Additional, but less common, surgically correctable
causes of primary aldosteronism include primary adrenal hy-
perplasia and renin-response aldosterone-producing adenoma.
Primary adrenal hyperplasia may be unilateral or bilateral,
and the glands appear histologically like those seen in pa-
tients with IHA. The biochemical profile, however, is simi-
lar to that seen in an APA and unilateral adrenalectomy ap-
pears to be beneficial in patients with unilateral lesions.35,36

Renin-responsive aldostrone-producing adenomas appear bio-
chemically like IHA, and they also respond to surgical resec-
tion.35,37 Adrenal cortical aldosterone-producing carcinoma is
extremely rare and represents another surgically treatable
form of primary aldosteronism.38

Clinical Presentation

The signs and symptoms of primary aldosteronism are non-
specific and include hypertension and hypokalemia. The
mean age at presentation ranges from 30 to 50 years, and it
is twice as common in women.39,40 The hypertension is gen-
erally indistinguishable from that seen in the population with
essential hypertension.

Screening for Primary Aldosteronism

The presence of spontaneous hypokalemia in a hypertensive
individual strongly suggests the diagnosis. Unfortunately, the
common use of diuretics, as well as antihypertensive agents
including angiotension-converting enzyme inhibitors and
spironolactone, interfere with the ability to establish the di-
agnosis.41,42 Most endocrinologists recommend discontinua-
tion of all diuretic and antihypertensive therapy for at least
4 weeks before a diagnostic evaluation. If the patient’s blood
pressure requires control during this interval, prazosin can be
used as it will not interfere with the workup.41 A wide vari-
ety of biochemical tests have been recommended, but there
is no clear consensus as to which tests are the most appro-

priate. Hypokalemia, although highly suggestive of the diag-
nosis, should not be considered as a necessary criterion.43

PLASMA ALDOSTERONE/RENIN RATIO

Excess autonomous secretion of aldosterone results in salt re-
tention, hypertension, and suppression of plasma renin ac-
tivity. However, single isolated measurements of either
plasma renin or aldosterone are of limited diagnostic
value.43–45 Because primary aldosteronism results in elevated
aldosterone and suppressed plasma renin levels, simultane-
ous determination appears more useful and is less affected by
physiological or pharmacological variables.46,47

SALINE INFUSION TEST

The saline infusion test is used to demonstrate autonomous
aldosterone secretion that does not decrease appropriately fol-
lowing sodium loading.47–49 Failure to suppress plasma al-
dosterone below 8.5 mg/dl after 2 l of intravenous normal
saline is considered diagnostic of primary aldosteronism.49

DISTINCTION BETWEEN APA AND IHA

The majority of cases of primary aldosteronism are caused by
either an APA (65%) or IHA (25%). It is important to dis-
criminate between these as an APA is treated by unilateral
adrenalectomy, whereas IHA is generally treated with spirono-
lactone.50 A variety of biochemical and imaging studies are
available to make this distinction (Table 29.3).

Localization

Once the biochemical criteria for an APA have been satisfied,
the next step is tumor localization. High-quality CT scans
have simplified this workup for the majority of patients. If a
unilateral adrenal mass is detected and the contralateral
adrenal gland is normal, then proceeding directly to unilat-
eral adrenalectomy appears reasonable.35,42,51

Treatment

There is an ever-expanding body of literature to suggest that
laparoscopic adrenalectomy is the procedure of choice for al-
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TABLE 29.3. Aldosteronoma Screening Studies.

Test Results

Aldosterone-producing adenoma 
(APA)

Plasma aldosterone after Decrease or �30% increase
postural stimulation

18-Hydroxycorticosterone �100 ng/dl
Computed tomography scan Unilateral mass
Iodocholesterol scan Localization
Adrenal venous sampling Localization

Idiopathic aldosteronism
Plasma aldosterone after �30% increase

postural stimulation
18-Hydroxycorticosterone �100 ng/dl
Computed tomography scan ? Bilateral masses
Iodocholesterol scan Bilateral uptake
Adrenal venous sampling No localization

Source: Udelsman R. Tumors of the adrenal cortex. In: Cameron JL, ed. Current
Surgical Therapy, 6th Ed. St. Louis: Mosby, 1998:577–580, with permission.



dosteronomas.52–54 This technique results in improvement in
length of stay, morbidity, and costs. In addition the patient
is able to return to normal activity in a much shorter inter-
val.14,55 The traditional surgical treatment has required a uni-
lateral total adrenalectomy. Recently, aldosteroma enucle-
ation or subtotal adrenalectomy has been suggested as an
equally effective technique.56,57

Results

The surgical treatment of APA results in correction of hypo-
kalemia in almost all cases.58 Hypertension is usually im-
proved, but may persist, particularly if the patient has long-
standing hypertension at the time of surgery.58 The incidence
of persistent hypertension is approximately 30%.59 Risk fac-
tors associated with persistent hypertension include age
greater than 50 at the time of surgery, male sex, and the pres-
ence of “multiple adenomas” or inappropriately diagnosed
IHA.39

Cushing’s Syndrome

Harvey Cushing described eight patients in 1932 with moon
facies, truncal obesity, hypertension, polyphagia, polydipsia,
polycythemia, and pulmonary infections. Pituitary basophil
adenomas were noted in autopsy in four of these patients, and
he correctly associated this syndrome with pituitary adeno-
mas.60 The most common cause of Cushing syndrome is ia-
trogenic administration of glucocorticoids. Endogenous Cush-
ing syndrome is, for the most part, either ACTH dependent
or ACTH independent (Table 29.4). The most common cause
of endogenous Cushing’s syndrome, accounting for nearly
85% of all cases, is Cushing’s disease, glucocorticoid excess
caused by a pituitary adenoma. The majority of ACTH-inde-
pendent causes of Cushing’s syndrome are adrenal in origin,
consisting of adrenal adenoma and rare adrenal carcinomas.
The management of ACTH-dependent Cushing’s syndrome
requires accurate tumor identification and extirpation when-
ever possible. In some circumstances, pituitary surgery is un-
successful or the source of the ectopic ACTH secretion can-
not be identified. In this situation bilateral adrenalectomy
may be required to alleviate the sequela of life-threatening
glucocorticoid excess.

The treatment of choice of ACTH-independent Cushing’s
syndrome is surgical resection. Patients with endogenous
Cushing’s syndrome caused by a unilateral adrenal tumor will
have an elevated 24-h urinary free cortisol and 17-hydroxy-
corticosteroid levels. Because these tumors produce gluco-
corticoids in the absence of ACTH stimulation, the normal

pituitary secretion of ACTH is suppressed. Therefore, an el-
evated plasma ACTH level in this setting is inconsistent with
the diagnosis. The dexamethasone suppression test can be ex-
tremely useful in discriminating between ACTH-dependent
and ACTH-independent causes of Cushing’s syndrome. It is
also crucial to carefully evaluate the imaging studies. In the
setting of an adrenal adenoma one anticipates unilateral
adrenal enlargement and a contralateral normal or slightly
suppressed adrenal gland. In the setting of adrenocortical car-
cinoma, the ipsilateral adrenal gland should be significantly
enlarged and may be associated with local tumor invasion.
The contralateral adrenal gland should be normal in size. In
addition, in the setting of an adrenal carcinoma one is likely
to find elevated levels of adrenal androgens.61

Surgical treatment of adrenal causes of Cushing syndrome
has undergone significant changes.62 Adrenal surgery can be
performed safely with low morbidity and operative mortality
in the 2% to 3% range. The recent advent of laparoscopic
adrenalectomy has dramatically changed the management of
these patients.14,53 Unilateral adrenalectomy is the treatment
of choice for most patients with a tumor causing ACTH-
independent endogenous Cushing’s syndrome.

Bilateral Adrenalectomy

Bilateral adrenalectomy will continue to play a small but sig-
nificant role in the management of selected patients with
Cushing’s disease.63 These include patients who have not
been cured following pituitary resection, patients with pri-
mary pigmented nodular adrenal dysplasia, and patients with
macronodular adrenal hyperplasia refractory to medical man-
agement with receptor blockers.

Bilateral adrenalectomy is associated with significant
long-term morbidity. These patients require lifelong replace-
ment with both mineralocorticoids and glucocorticoids. Oc-
cult adrenal insufficiency may occur and can be life threat-
ening.64

Pheochromocytoma

Pheochromocytomas are rare tumors that arise from the neu-
roectodermally derived chromaffin cells. The majority of
pathologists believe that all pheochromocytomas are of adrenal
origin, and they refer to extraadrenal chromaffin tumors as
paragangliomas, which may or may not be functional. How-
ever, most clinicians designate catecholamine-secreting tu-
mors as either adrenal or extraadrenal pheochromocytomas.65

The majority of pheochromocytomas (90%) in adults are
located in the adrenal gland. However, in children the inci-
dence of extraadrenal pheochromocytomas is much higher
(35%).65 Most pheochromocytomas (90%) are unilateral.
However, the incidence of synchronous or metachronous
pheochromocytomas are more common in patients with fa-
milial forms of pheochromocytomas. These syndromes and
their associated findings are listed in Table 29.5. The major-
ity of pheochromocytomas (90%) are thought to be benign.
However, because the criteria for malignancy requires the
demonstration of distant metastasis or direct invasion into
surrounding organs, it is possible that surgical extirpation of
a subset of presumptively benign pheochromocytomas results
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TABLE 29.4. Endogenous Causes of Cushing’s Syndrome.

ACTH-dependent
Cushing’s disease (pituitary adenoma)
Ectopic ACTH syndrome

ACTH-independent
Adrenal adenoma
Adrenal carcinoma
Primary pigmented nodular adrenal dysplasia (PPNAD)

ACTH-variable
Macronodular adrenal hyperplasia



in excision of a malignant lesion that has not yet satisfied the
requisite malignant criteria.

Functional pheochromocytomas secrete a variety of va-
soactive compounds either continually or episodically. Nor-
epinephrine is the most common.

Clinical Manifestations

The classic presentation of a symptomatic pheochromocy-
toma is episodic attacks of headaches, diaphoresis, and pal-
pitations.65,66 Although hypertension is commonly present
during an attack, it is important to remember that between
attacks approximately 50% of affected individuals are nor-
motensive. The hypertension can result in stroke, renal in-
sufficiency, and cardiac failure.67

DIAGNOSIS

The most commonly employed biochemical screening tests
require 24-h urinary collections for the measurement of vanil-
lymandelic acid (VMA), metanephrines, or fractionated cate-
cholamines.66 In addition, recent studies indicate that plasma
levels of metanephrine and normetanephrine are sensitive and
specific for pheochromocytoma. In select circumstances, ad-
ditional pharmacological tests are required to yield an un-
equivocal biochemical diagnosis.68 However, the clonidine
suppression test and the glucagon stimulation test are not
routinely required.65,66,68,69

Imaging

Once the diagnosis of a pheochromocytoma has been made,
the next step is tumor localization using imaging studies in-
cluding ultrasound, CT, MRI, and MIBG scans. MRI scans
have several unique characteristics that make them the imag-
ing study of choice. The MRI scan will enhance on T2-
weighted images, and administration of i.v. contrast agents
are not required (see Adrenal Imaging).

Treatment

Because of chronic hypersecretion of catecholamines, patients
with pheochromocytomas are often severely volume con-
tracted. In the past, when these patients underwent general
anesthesia, it was not uncommon for them to experience se-
vere hemodynamic instability. Accordingly, it is necessary to
initiate a 1- to 4-week period of preoperative alpha-adrener-
gic receptor blockade. The most commonly used agent is the
selective alpha-1-adrenergic receptor blocker, phenoxybenza-
mine. Occasional patients will also require beta-adrenergic re-
ceptor blockade because of breakthrough tachycardia. How-
ever, beta receptor blockade should not be administered in
the absence of prior alpha receptor blockade because of the
risk of unapposed alpha receptor-induced malignant hyper-
tension.65,70

The anesthestic and surgical care of these patients is crit-
ical and requires a concerted effort. Patients may experience
both hypertension and hypotension (following tumor re-
moval), and the anesthesiologist must be prepared to treat
preciptious changes in blood pressure. Infusions of phento-
lamine and sodium nitroprusside are often required.65 In 
addition, anesthestic agents that lower the threshold of cate-
cholamine-induced arrhythmias (halothane) or histamine re-
lease (morphine) should be avoided.71

Surgical treatment in the past required an open laparo-
tomy with early control of the main adrenal vein and bilat-
eral as well as extraadrenal exploration. This practice has been
changed by the exquisite sensitivity of current imaging tech-
niques and the use of laparoscopic adrenalectomy. At many
institutions, laparoscopic adrenalectomy has become the pro-
cedure of choice.14

Malignant Pheochromocytoma

Complete surgical excision is the only potentially curative
therapy for malignant pheochromocytoma.66,67 However, the
criteria for malignancy, invasion into adjacent tissue or dis-
tant metastases, are not always demonstrable at the time of
surgery or on pathological review of the specimen. It is for
this reason that initial total tumor extirpation as well as long-
term follow-up are essential.

Patients with malignant pheochromocytomas, even in the
setting of metastatic disease, can have prolonged survival. The
mean 5-year survival ranges from 30% to 40%.72 Surgical re-
section is indicated whenever feasible. The most effective
chemotherapeutic regiment includes cyclophosphamide, vin-
cristine, and dacarbazine.73 Although pheochromocytomas are
not generally radiosensitive,65 treatment with 131I-MIBG has
been shown to be of benefit in selected patients.74,75

Familial Pheochromocytoma

Pheochromocytomas occur in association with several ge-
netic syndromes including MEN2, von Hippel–Lindau dis-
ease, and von Recklinghausen’s disease (see Table 29.5). When
individuals from an affected family are identified they should
undergo screening. If they are found to have biochemical ev-
idence of catecholamine excess, localization procedures are
indicated. Bilateral adrenalectomy has been generally recom-
mended in familial patients because at the time of biochem-
ical abnormalities at least bilateral adrenal medullary hyper-
plasia has already developed.76,77
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TABLE 29.5. Genetic Syndromes Associated with 
Pheochromocytoma.

Syndrome Findings

MEN2A (Sipple’s syndrome) Medullary carcinoma of the
thyroid

Pheochromocytoma
Hyperparathyroidism

MEN 2B Medullary carcinoma of the
thyroid

Pheochromocytoma
Mucosal neuroma
Marfanoid habitus
Ganglioneuromas of

the gastrointestinal tract
Neurofibromatosis 

(von Recklinghausen’s disease) Café-au-lait spots
Axillary freckling
Multiple freckling
Multiple neurofibromas
Pheochromocytoma

Von Hippel–Lindau disease Retinal hemanagiomatosis
Cerebellar hemangioblastoma
Pheochromocytoma
Renal cell tumors



Recent evidence suggests that it may be prudent to per-
form a unilateral adrenalectomy for macroscopically normal
glands in the setting of familial pheochromocytomas. Serial
follow-up is required.

Adrenocortical Carcinoma

Adrenocortical carcinoma is rare, with an incidence of 0.6 to
2 cases per million individuals per year.78–80 The prognosis is
poor, and most series report a 5-year mortality between 55%
and 90%.81,82 It accounts for approximately 0.2% of cancer
deaths.83 Because of its rare incidence, controlled clinical tri-
als have not addressed major issues in the diagnosis or treat-
ment of this disease.

Presentation

The majority of patients (68%–80%) present with an en-
docrinopathy, most commonly Cushing’s syndrome.61,79 Pa-
tients often have advanced disease at the time of presentation
with almost 40% presenting with metastatic disease.79 The
most common sites of distant metastases are the liver, lung,
bone, and brain.79,81 However, local invasion into adjacent or-
gans including the kidney, liver, diaphragm, spleen, pancreas,
and vena cava are common at the time of diagnostics.50 A 
female predominance of at least 2:1 is noted in most se-
ries,61,82,84 and the mean age at presentation ranges from 30
to 50 years.61,80–82 The staging criteria for adrenocortical car-
cinoma are shown in Table 29.6. The majority of patients pre-
sent with tumors greater than 5 cm in size with local inva-
sion into adjacent organs with or without distant metastases
(stage II or III).50

Surgery is the mainstay of therapy and remains the only
potential for cure. Aggressive local resection is indicated
whenever feasible. Adjacent organs including lymph nodes,
kidney, spleen, diaphragm, distal pancreas, liver, and vena
cava are often resected in continuity with the primary tumor.
MRI scans, especially MRI “angiograms,” are used when there
is a suspicion of major vascular involvement.

The role of adjuvant chemotherapy is somewhat con-
troversial.61 The single most effective agent, mitotane (o,p�-
DDD or 1,1-dichlorodiphenyldichloroethane), has been used
since 196085 with moderate success. It is the only agent 

associated with long-term remissions and regression of
metastases.61,82–84

The overall prognosis for adrenal cortical carcinoma re-
mains poor. Mean survival rates are approximately 22 to 47
months.61,82,83 However, long-term survival can occur. Pa-
tients who develop locally recurrent disease can benefit from
reoperative surgery.

Laparoscopic Adrenalectomy

There are multiple surgical approaches to the adrenal gland,
including anterior transabdominal, flank, thoracoabdominal,
supracostal, posterior, and the newer laparoscopic techniques
via a transperitoneal or retroperitoneal approach. The tradi-
tional techniques of adrenalectomy are well described and are
beyond the scope of this review.86–89 Laparoscopic adrena-
lectomy has already had a major impact on the management
of adrenal neoplasms. In skilled hands this technique is ap-
propriate for virtually all nonmalignant adrenal tumors. Most,
but not all, endocrine surgeons agree that large tumors and
clearly malignant tumors should be excised using an open
technique.14,90–92

Laparoscopic adrenalectomy appears to have distinct ad-
vantages compared to traditional open techniques. Avoidance
of large incisions and decreased tissue trauma appears to de-
crease morbidity and mortality.14,93–96 Interestingly, even
pheochromocytomas have been successfully managed with
this technique.14,96–99

Several investigations have compared various anatomical
approaches with laparoscopic adrenalectomy.14,90,100–103 It is
now clear that in skilled hands laparoscopic adrenalectomy
can be performed safely, resulting in decreased hospital stays,
increased patient comfort, and a shorter interval until the re-
sumption of normal activity.101,102

Although there are no randomized prospective trials com-
paring the results of laparoscopic and open adrenalectomy,
the results obtained in several retrospective case-controlled
studies are presented in Table 29.7. These data demonstrate
that laparoscopic adrenalectomy is consistently associated
with marked decreases in the postoperative length of stay and
the interval until resumption of normal diet and activity.

Adrenal Insufficiency

Patients with overt or occult adrenal insufficiency pose sig-
nificant management issues that have not yet been resolved.
Primary adrenal insufficiency occurs when there is direct de-
struction of the adrenal glands, which occurs most commonly
from autoimmune adrenal atrophy (Addison’s disease) and in-
fectious diseases (tuberculosis, histoplasmosis), as well as fol-
lowing adrenal hemorrhage, metastasis, and surgical resec-
tion. Secondary adrenal insufficiency occurs when there is an
impairment of ACTH secretion at either the pituitary or hy-
pothalamic level. The most common cause of adrenal insuf-
ficiency is iatrogenic administration of glucocorticoids, which
results in suppression of ACTH. This population of adrenal-
insufficient patients poses significant surgical ramifications.

It was estimated that in 1971 more than 5 million pa-
tients in the United States received glucocorticoids at doses
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TABLE 29.6. Staging Criteria for Adrenocortical Carcinoma.

T1 �5 cm, no local invasion
T2 �5 cm, no local invasion
T3 Any size, local invasion
N0 No positive lymph nodes
N1 Positive lymph nodes
M0 No distant metastasis
M1 Distant metastasis
Stage

I T1, N0, M0
II T2, N0, M0
III T1, or T2 N1 M0, or T3 N0 M0
IV Any T, any NM1, or T3 N1 M0

Source: Udelsman R. Tumors of the adrenal cortex. In: Cameron JL, ed. 
Current Surgical Therapy, 6th Ed. St. Louis: Mosby, 1998:579.



sufficient to cause adrenal suppression.104 Because of the
known deleterious effects of adrenal cortical crisis, it had be-
come the standard of care to administer large doses of peri-
operative glucocorticoids to obviate hemodynamic inability
in this population. However, a series of clinical studies pub-
lished in the 1970s suggested that physiological rather than
pharmacological glucocorticoid supplementation may be suf-
ficient for patients with adrenal insufficiency who require sur-
gical intervention.105–107 These studies suggest that the peri-
operative pharmacological doses that are often administered

to adrenal-insufficient patients far exceed their physiological
requirements.
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Neuroendocrine Tumors 
of the Pancreas and 

Gastrointestinal Tract 
and Carcinoid Disease

James P. Dolan and Jeffrey A. Norton

The neuroendocrine and carcinoid tumors of the pan-
creas and gastrointestinal tract are a group of similar
neoplasms that, although they may behave clinically

and biochemically in different ways, share a number of com-
mon features. Although originally thought to be of neural
crest origin, these cells are now considered to originate from
embryonic endoderm.1 They are capable of taking up and de-
carboxylating aromatic amines or their precursors, giving rise
to the term APUD (amine precursor uptake and decarboxyla-
tion) cells or apudomas. This term has largely been replaced
by their designation as neuroendocrine neoplasms of the gas-
trointestinal tract.2

Epidemiology

Neuroendocrine tumors of the gastrointestinal tract are un-
common. Functional tumors are reported to have a prevalence
of 10 per million population.3 The incidence of clinically sig-
nificant neuroendocrine tumors is around 3.6 to 4 per mil-
lion population per year.3,4 Nonfunctional tumors account for
15% to 30% of all neuroendocrine tumors.5 Insulinoma is the
most common islet cell tumor, with an approximate preva-
lence of 4 per 5 million population per year.6 Gastrinoma or
PPomas are the most common malignant islet cell tumors.
The incidence of gastrinomas is estimated to be 0.1 to 3 per-
sons per million each year.7,8 The remaining neuroendocrine
tumors occur less frequently.

Embryology and Anatomy

The gut and its associated organs develop between the third
and eighth week of embryonic life.9 During this period, the
three germ layers undergo differentiation and give rise to the
tissues and organ systems unique to each. During the fourth
week of development, when the body of the developing em-

bryo folds, the somatic mesoderm expands ventrally to form
the intraembryonic coelomic cavity. Suspended within this
cavity by the dorsal mesentery is the endodermal-lined prim-
itive gut. This endoderm forms the epithelial lining of the di-
gestive tract as well as giving rise to the liver and pancreas.

The embryonic epithelium of the pancreatic ducts con-
tains the basic cell types for the development of the cells of
the endocrine pancreas. During the twelfth to sixteenth week
of development, endocrine glands migrate from the ductal sys-
tem and aggregate around capillaries to form isolated clumps
of cells scattered throughout the exocrine glandular tissue.
These collections are known as the islets of Langerhans and
contain at least five different types of secretory cells, namely
alpha, beta, delta, F, and enterochomaffin cells, which se-
crete glucagon, insulin, somatostatin, pancreatic polypeptide,
and serotonin, respectively. The epithelium of the primitive
gut also gives rise to a number of other neuroendocrine-se-
creting cells that have a varied distribution within the adult
gastrointestinal tract. Unregulated or ectopic secretion of any
of these endocrine or exocrine products may result in one of
several tumor syndromes (Table 30.1).

Because the foregut is supplied by the celiac artery and
the midgut by the superior mesenteric artery, the duodenum
and pancreas are supplied by branches of both arteries. The
main arterial blood supply of the body and tail of the pan-
creas is derived from branches of the splenic artery, which in-
clude the dorsal or superior pancreatic artery and the great
pancreatic artery, both of which communicate by means of
the inferior or transverse pancreatic artery. The transverse
pancreatic artery also communicates with the superior
mesenteric artery. The pancreatic head and uncinate process
share a common blood supply with the duodenum, a fact that
underlies the need for a pancreaticoduodenectomy for a tu-
mor involving this area. Both are supplied by branches of the
anterior and posterior pancreaticoduodenal artery, which orig-
inate as superior branches from the gastroduodenal artery and
common hepatic artery and as inferior branches from the 
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TABLE 30.1. Distribution and Actions of the Common Neuroendocrine Cells and Enteric Neuropeptides Involved 
in Neuroendocrine Pathology.

Active Target
Designationa Cell type Distribution Product(s) product organs Actions

B � cell Pancreas Insulin 51aa polypeptide Muscle Stimulate glucose uptake by
Liver muscle cells
Other Stimulate hepatic glycogenesis

Stimulates muscle protein
synthesis

Stimulates triglyceride
deposition

Inhibits hepatic
gluconeogenesis

G G cell Stomach Gastrin 17aa “little” Stomach Stimulates parietal cell H�

IG Duodenum (? ACTH, met- and 34aa Pancreas secretion, pepsinogen
Jejunum enkephalin, “big” poly- (small secretion, gastric mucosal

GH) peptide effect) growth
� cell Pancreas Glucagon Linear poly- Liver Stimulates gluconeogenesis,

peptide Pancreas glycogenolysis, lipolysis and
Heart ketogenesis; increases blood

glucose
Stimulates growth hormone

and insulin secretion and
positive cardiac inotropy

D1 ? � cell Small bowel VIP 28aa polypeptide GI tract Stimulates intestinal, pancreatic
Colon Vasculature and bilary secretion
Pancreas GI smooth muscle relaxation
Gallbladder Splanchnic vasodilatation
CNS

D � cells Pancreas Somatostatin 14aa and 28aa Inhibition of gastrin release,
Pylorus polypeptide blockade of glucagon action on
Duodenum jejunum

Inhibition of release of most
GI and pancreatic hormones

EC1,2,n Enterochromaffin Stomach Serotonin Neuropeptide Smooth muscle Vasomotor disturbance (flushing,
cells Small bowel Substance P ? Polypeptide Nerve cells diarrhea, nausea, and vomiting)

Large bowel ? Leuenkephalin Bronchospasm
CNS ? Others Right-sided valvular endocardial

fibrosis
PP F cells Pancreas Pancreatic 36aa polypeptide Pancreas Inhibits pancreatic exocrine

? Other islet polypeptide secretion
cells

N N cells Ileum Neurotensin Tridecapeptide ? GI tract ? Inhibition of gastric secretion
Jejunum ? Modulation of GI tract
Duodenum motility
Colon
CNS

PYY ? Terminal Peptide YY 36aa polypeptide GI tract Inhibits autonomic neuro-
ileum Pancreas transmission in GI tract

Colon and prolongs small-bowel
Rectum transit time

Inhibits pancreatic exocrine
secretion

L L cell Small intes- Enteroglucagon Variety of ? Liver ? Complete with, and have
tine peptides ? Pancreas similar actions to, glucagon

Large intes-
tine

X ? Islet cell Pancreas Growth Polypeptide Bone Stimulation of growth
Lung hormone- Muscle hormone release
Small intes- releasing factor Other

tines (GRF)
? Islet cell Pancreas ACTH 39aa polypeptide Adrenal Stimulation of release of

? Other glucocorticoids, mineralo-
corticoids and androgenic 
steroids from adrenal cortex

aa, amino acid.
aDesignations from O’Briain and Duyal (1981).128
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superior mesenteric artery. The supraduodenal artery, the first
branch of the gastroduodenal artery, provides additional ar-
terial supply to the first part of the duodenum.

Neuroendocrine Tumors and 
the MEN-1 Syndrome

The multiple endocrine neoplasia syndromes (MEN) are a fas-
cinating group of endocrine syndromes first reported by Wer-
mer in 1963.10 MEN-1 (Wermer’s syndrome) describes a wide
range of pathology including parathyroid hyperplasia, pitu-
itary adenoma, and endocrine tumors of the duodenum and
pancreas. MEN-1 patients may also develop multiple subcu-
taneous lipomas, adenomas of the thyroid gland, and adreno-
cortical adenomas or carcinoma. This familial disease has an
autosomal dominant mode of transmission with incomplete
penetrance. The initial manifestation of MEN-1 is primarily
hyperparathyroidism.

Neuroendocrine tumors in patients with MEN-1 are char-
acteristically multiple and often small.6,11,12 Depending on
the particular tumor, they may also have an increased propen-
sity to occur at extrapancreatic sites and may be difficult to
localize radiologically. The management of neuroendocrine
tumors in the setting of MEN-1 is dependent on the clinical
syndrome that results from hormone overproduction.11 In
general, surgical resection is the treatment of choice for in-
sulinoma, glucagonoma and VIPoma, whereas the treatment
for gastrinoma (medical versus surgical) is controversial. Non-
functioning neuroendocrine tumors, which produce no symp-
toms, are generally treated surgically only in situations where 
the tumor is clearly imaged (2–3 cm) or when complications
such as obstruction arise. Overall, the surgical treatment of
a given tumor, when it occurs in the MEN-1 setting, is less 
successful than treatment of the same tumor when it occurs
sporadically.11

Neuroendocrine Tumors

Insulinoma

Insulinoma is the most common pancreatic islet cell tumor.
The mean age of patients with insulinoma is 45 years and
the female to male ratio is around 1.5 to 2:1.4,13 It generally
occurs at a younger age in the context of MEN-1, in which
patients usually present in the third decade of life.

TUMOR CHARACTERISTICS

Approximately 80% to 90% of insulinomas are small (�2 cm),
solitary, benign tumors distributed with equal probability
among the head, body, and tail of the pancreas. Approximately
5% to 10% occur as multiple islet cell tumors in the setting
of MEN-1.6,14 The presence of diffuse microadenomatosis, in
which multiple small nonencapsulated tumors or nodules are
distributed throughout the pancreas (nesidioblastosis), may
occur in the neonatal and infant setting and cause neonatal
hypoglycemia.

Most benign insulinomas are between 0.5 and 2 cm in di-
ameter. Tumors appear reddish brown in color due to in-

creased vascularity. Microscopic examination cannot distin-
guish between benign and malignant insulinomas, although
malignant lesions tend to be larger with an average size of 6.2
cm. The diagnosis of malignancy is made at the time of
surgery by the identification of either lymph node or liver
metastases.

PRESENTING SYMPTOMS AND SIGNS

In almost all cases, patients with insulinoma have symptoms
that are caused by hypoglycemia, with rare cases causing
symptoms due to the size of the tumor itself (see Table 30.2).
Most commonly, patients have neuroglycopenic symptoms
that include seizures, difficulty awakening, visual distur-
bances, confusion, lethargy, weakness, or transient motor
deficits.6,12 Hypoglycemia also causes catecholamine release
with subsequent sympathetic discharge resulting in sweating,
anxiety, and palpitations.6 Erroneous psychiatric or neuro-
logical diagnoses are common and, on average, it may take
up to 2 years before the correct diagnosis is made.12,15 Symp-
toms tend to occur early in the morning after an overnight
fast or during periods of fasting for religious or other obser-
vances. Patients come to learn that food relieves or avoids
symptoms and thus most gain weight. A family history of hy-
poglycemia or other endocrine abnormalities should be sought
to exclude the presence of MEN-1.

DIAGNOSIS

The measurement of severe hypoglycemia and inappropri-
ately elevated levels of insulin is essential for the diagnosis
(Table 30.2). Before the development of laboratory techniques
to measure serum insulin levels, Whipple proposed the diag-
nostic triad of symptomatic hypoglycemia induced by fast-
ing, a blood glucose level less than 45 mg/dl, and prompt re-
lief of symptoms following administration of glucose.16 Since
that time, the development of a sensitive radioimmunoassay
for serum insulin as well as several suppression and stimu-
lation tests have simplified the diagnosis of insulinoma.12,17

The diagnostic test of choice is a 72-h fast during which serum
levels of glucose and insulin are measured every 6 h.18,19 The
fast is terminated at 72 h or when the patient develops neu-
roglycopenic symptoms. At that point serum levels of glu-
cose, insulin, C-peptide, and proinsulin are measured and in-
travenous glucose administered.

In interpreting laboratory results it is important to un-
derstand the usual components of insulin secretion. Insulin
is secreted from cells in secretory granules that contain both
the inactive, or proinsulin, form of the hormone as well as a
protease that cleaves the terminal C-peptide sequence of the
molecule. This cleavage yields both active insulin as well as
inactive C-peptide fragments in equimolar amounts. Patients
with an insulinoma have an immunoreactive insulin to glu-
cose ratio greater than 0.3 and an elevated serum level of
proinsulin. These values are not found in normal individuals
or in patients with factitious hypoglycemia. If factitious hy-
poglycemia is caused by the administration of exogenous in-
sulin, appreciable amounts of C-peptide will not be detected
and the proinsulin to insulin ratio is generally low. Urinary
sulfonylurea and serum insulin antibodies should not be de-
tectable (Table 30.3).
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TABLE 30.2. Common Symptoms and Signs of the Main Neuroendocrine Tumor Syndromes.

Main Diagnostic
Tumor Syndrome hormone(s) Symptoms Signs study Diagnostic criteria

Insulinoma Insulinoma Insulin Neuro- Somnolence Supervised Serum glucose �45
glycopenic Seizures 72-h fast mg/dl

Coma Serum insulin �5 �U/ml
Diaphoresis C-peptide �1.2 ng/ml
Tremulousness Proinsulin �25%

Gastrinoma Zollinger- Gastrin Heartburn Peptic ulceration Serum gastrin Serum gastrin
Ellison Dysphagia Esophagitis or �100 pg/ml

Diarrhea strictures Basal acid out- BAO �15 mEq/h (�5
Weight loss put (BAO) mEq/hr if prior

operation for peptic
ulcers)

Secretin stimu- �200 pg/ml increase in
lation test gastrin levels after

secretin stimulation
Glucagonoma Glucagonoma Glucagon Skin rash Diabetes mellitus Fasting plasma Plasma glucagon �500

Diarrhea type II glucagon pg/ml
Abdominal Weight loss/ Plasma amino Decreased plasma

pain cachexia acids amino acids
Venous thrombosis
Pulmonary

emboli
VIPoma Verner-Morrison Vasoactive Secretory Hypokalemia Serum potas- Plasma VIP �500 pg/ml

Pancreatic intestinal diarrhea Dehydration sium (potassium �2.5
cholera peptide (VIP) Abdominal Weight loss Fasting mmol/l)

Endocrine colic plasma VIP
cholera Flushing
WDHA

Somato- Somato- Somatostatin Diarrhea Diabetes mellitus Fasting plasma Elevated plasma
statinoma statinoma Abdominal type II somatostatin somatostatin

pain Cholelithiasis
Steatorrhea
Weight loss
Hypochlorhydria

GRFoma GRFoma Growth Acromegaly Fasting Elevated plasma 
hormone- Plasma GRF  GRF
releasing
factor (GRF)

ACTHoma Cushing’s Adrenocortico- Easy bruis- Hypertension Urinary free Elevated urinary cortisol
tropic hormone ability Centripetal cortisol
(ACTH) Atrophied obesity Plasma Elevated plasma ACTH

skin Skin/mucosal ACTH
pigmentation Dexamethasone Failure to suppress with

suppression dexamethasone
test

Neuro- Neuro- Neurotensin Tachycardia Hypotension Fasting plasma Elevated plasma neuro-
tensinoma tensinoma Flushing Malabsorption neurotensin tensin

Diarrhea Weight loss
Cyanosis
Diabetes mellitus

PTH-RPoma PTH-RPoma Parathyroid Bone pain Decreased bone Serum calcium Elevated serum calcium
hormone- Renal colic density Serum PTH Low or nondetectable
related Weakness Pathological serum PTH
peptide fractures Serum PTH- Elevated serum PTH-
(PTH-RP) Nephrolithiasis related pep- related peptide

Pseudogout tide
Peptic ulcers
Pancreatitis

Nonfunctional None Neuron-specific Abdominal Bowel obstruction None Radiologic imaging
enolase pain

Pancreatic poly- Weakness Gastrointestinal
peptide Palpated bleeding/anemia

Chromogranin A mass jaundice
Carcinoid Carcinoid 5-HT Diarrhea Flushing rash Urinary 5-HIAA Elevated urinary 5-HIAA

5-HTP Flushing Anemia Urinary 5-HT Elevated urinary 5-HT
Wheezing Bowel obstruction Platelet 5-HT Increased platelet 5-HT
Pain Recurrent pneu-

monia
Heart failure
Pellagra

Sources: Norton (1998)6; Meko and Norton (1994)7; Feldman (1989)75; Norheim et al. (1987)129; Thorson (1958).130



LOCALIZATION

Because insulinomas are usually small and lack a high den-
sity of somatostatin receptors, the results of conventional,
noninvasive, radiographic imaging studies are poor. Com-
puted tomography, magnetic resonance imaging, and ultra-
sound identify only 17% to 26% of tumors. However, either
MR or CT should be obtained to exclude liver metastases
or the presence of a large malignant primary tumor.

Endoscopic ultrasound (EUS), is observer-dependent and
is not available in all centers, but it has been found to have
a sensitivity of 80% to 85% and a specificity of 95% in iden-
tifying intrapancreatic neuroendocrine tumors.7 However,
EUS cannot reliably localize extrapancreatic disease.7,20

Portal venous sampling (PVS) for insulin and the newer
intraarterial calcium angiogram are invasive studies that may
help with pancreatic regional localization. The latter of the
two is currently favored, and has the potential to image tu-
mor based on a characteristic vascular “blush.” In general, if
the surgeon wants confirmation of the pancreatic region
within which the insulinoma is contained, calcium angio-
gram is the preoperative invasive study of choice.19,21

The single best modality in localizing insulinomas dur-
ing surgery is intraoperative ultrasound (IOUS).22,23 It is now
apparent that surgical exploration with exposure and palpa-
tion of the pancreas combined with the use of IOUS is the
most cost-effective therapy for insulinomas, even when other
preoperative studies are negative (see Table 30.4).

Gastrinoma

It was Zollinger and Ellison who first reported the unusual
occurrence of jejunal peptic ulcer disease in association with
gastric acid hypersecretion and islet cell tumors of the pan-
creas.24 We now know that the Zollinger–Ellison syndrome
(ZES) is caused by a pancreatic or duodenal neuroendocrine
tumor called a gastrinoma that elaborates excessive and un-
regulated amounts of the hormone gastrin which stimulates
gastric acid secretion leading to peptic ulcer disease.

ZES is a functional neuroendocrine tumor syndrome. In
80% of cases it occurs in a sporadic form, while the familial
or inherited form occurs in 20% of cases.8,23 The familial form
is associated with the multiple endocrine neoplasia type 1
(MEN-1) syndrome and, within this setting, most functional
neuroendocrine tumors are gastrinomas.11 ZES is the under-
lying cause in approximately 0.1% to 1% of patients with
peptic ulcer disease.25 Gastrinomas are slow growing but ap-
proximately 60% are malignant, with patients having lymph
node, liver, or distant metastatic disease at diagnosis.26

The mean age at diagnosis of ZES is 50 years, although chil-
dren as young as 7 years and adults as old as 90 have been re-
ported. There is a slight male preponderance with a male to fe-
male ratio of approximately 2:1. In patients with the MEN-1
syndrome, ZES is usually diagnosed in the third decade of life.26

TUMOR CHARACTERISTICS

Gastrinomas may be single or multiple and may range in size
from less than 1 cm to more than 3 cm. Multiple duodenal
or pancreatic tumors are found in patients with the MEN-1
syndrome.27,28 Although it has been suggested that the tu-
mors found in MEN-1 patients may have a lower potential
for metastases, they appear to metastasize with a similar fre-
quency to their sporadic counterparts when evaluated in long-
term follow-up.

Approximately 80% of gastrinomas are found within the
gastrinoma triangle, an area that includes the first, second,
and third portion of the duodenum and the head of the pan-
creas.29 Although rare, primary gastrinomas have also been
found in the jejunum, stomach, liver, spleen, mesentery,
ovary, and heart.30,31

PRESENTING SYMPTOMS AND SIGNS

Clinical manifestations of the syndrome are related to the ex-
cessive secretion of gastric acid (see Table 30.2). The most
common symptoms are epigastric pain, heartburn, diarrhea,
and dysphagia. Approximately 90% of patients with ZES are
found to have peptic ulceration, with the proximal duodenum
as the most commonly involved site.32 In 7% to 10% of pa-
tients, a perforated peptic ulcer may be the initial sign of the
disease.33 Gastric acid hypersecretion also leads to a secre-
tory diarrhea, which is seen in up to 40% of patients with
ZES, and may be the sole presenting complaint in 20% of in-
dividuals.26 As the tumor develops and metastases occur,
symptoms may be related to the size of the tumor itself.

DIAGNOSIS

In most cases, the diagnosis of ZES is not immediately con-
sidered. Many series report a mean period of 6 years from pre-
sentation of symptoms to diagnosis.8 This delay may be the
consequence of a number of factors. First, hypergastrinemia
may occur as a manifestation of other diseases or conditions,
most of which do not lead to excessive gastric acid secretion
and ulcer formation (Table 30.5). Second, because ZES is rare
and few clinicians have seen many cases, there may be a fail-
ure to consider the diagnosis of ZES initially.

ZES can be accurately diagnosed in all patients by mea-
surement of an elevated fasting serum level of gastrin and an
elevated basal acid output (BAO) (see Table 30.2). Patients
should be off all antisecretory medications (H2-receptor an-
tagonists and proton pump inhibitors) for 3 to 7 days before
the determination because medications that reduce gastric
acid secretion cause a false elevation of serum gastrin levels.
100% of patients with ZES have a fasting serum gastrin level
greater than 100 pg/ml.26 A BAO greater than 15 mEq/h in
most patients and above 5 mEq/h in patients with prior acid-
reduction operations, in conjunction with an elevated fasting
gastrin level, unequivocally establishes the diagnosis. If the
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TABLE 30.3. Interpretation of Biochemical Studies in the Diagnosis of Insulinoma.

Serum glucose Serum insulin Proinsulin C-peptide Antibodies to Sulfonylurea
Patient type (mg/dl) (�U/ml) (%) (ng/ml) insulin (blood or urine)

Normal 80–100 2–10 12–20 0.5–1 Absent Absent
Insulinoma �45 �5 �25 �1.2 Absent Absent
Factitious hypoglycemia �45 �5 12–20 �0.5 Present Present



TABLE 30.4.

Outcome of Various Preoperative Localization Studies for Neuroendocrine Tumors.

True positive/total (%)

Level of Provocative
Reference evidencea n MEN US CT MRI SRS PVS Angiography angiography EUS IOUS Palpation

Insulinoma
Norton et al. (1992)62 II 8 0 6/8 5/8 (63)

(75)
Böttger et al. (1990)131 III 43 1 13/2 11/15 10/13 20/30 (67) 12/16 40/42

1 (73) (77) (75) (95)
(62)

Norton et al. (1990)22 II 12 0 9/12 10/12 5/12 (42)
(75) (83)

Doherty et al. (1991)57 II 25 0 6/22 4/22 2/22 17/22 9/22 (41) 22/24 16/24
(27) (18) (9) (77) (92) (67)

Kisker et al. (1997)54 II 6 0 4/6 4/6 0/6
(67) (67) (0)

Brown et al. (1997)132 II 36 5 4/31 8/34 15/33 1/6 13/30 (43) 29/31 (94) 12/14
(13) (24) (45) (17) (86)

Lo et al. (1997)59 II 27 1 2/6 11/25 2/3 11/21 (52) 7/7 (100) 1/3 17/17 22/27
(33) (44) (67) (33) (100) (81)

Boukhman et al. (1998)56 III 67 11 4/6 13/35 6/14 7/10 14/30 (47) 9/11 42/56
(67) (37) (43) (70) (82) (75)

Gastrinoma
Norton et al. (1988)63 II 39 0 29/35 33/35

(83) (94)
Kisker et al. (1997)52 II 17 NR 7/17 7/17 9/17 15/17

(41) (41) (53) (88)
Cohen et al. (1997)133 II 8 4 2/8 1/3 7/9 (78) 8/9 (89)

(25) (33)
Krausz et al. (1998)55 II 5 0 2/5 4/5

(40) (80)
Alexander et al. (1998)39 II 37 4 6/37 18/37 21/37 29/3 21/37 (57)

(16) (49) (57) 7
(78)

Kisker et al. (1998)134 II 25 2 11/2 14/25 1/4 9/17 1/10 (10) 4/6 14/15 24/25
5 (56) (25) (53) (67) (93) (96)
(44)

Other NETs
Krausz et al. (1998)55 II 6 NR 4/6 5/6

(67) (83)
Carcinoid

Kisker et al. (1996)93 II 22 NR 8/22 12/22 9/22 11/11
(36) (55) (41) (100)

Krausz et al. (1998)55 II 23 0 4/9 3/9
(44) (33)

aI, prospective, randomized; II, prospective; III, retrospective, review or anecdotal; NR, not reported.

Other NETs (neuroendocrine tumors): glucagonoma (n � 3), somatostatinoma (n � 1), VIPoma (n � 1); PTH-Rpoma (n � 1).
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TABLE 30.5. Differential Diagnoses of Hypergastrinemia.

With excessive gastric acid secretion (ulcerogenic):
ZES (Zollinger–Ellison syndrome)
Gastric outlet obstruction
Retained gastric antrum (after Bilroth II reconstruction)
G-cell hyperplasia
Medications for peptic ulcers or GERD (H2 receptor antagonists 

or proton pump inhibitors)
No excessive gastric acid secretion (nonulcerogenic):

Pernicious anemia
Atrophic gastritis
Renal failure
Postvagotomy
Short gut syndrome (after significant intestinal resection)

diagnosis remains uncertain, the secretin stimulation test is
the test of choice as it has a sensitivity of 85% or greater.34

Using this test, a 2 U/kg bolus of secretin is given intra-
venously, and serum levels of gastrin are measured before and
at 2, 5, 10, and 15 min after administration. An increase of
200 pg/ml in the serum gastrin level following secretin ad-
ministration is consistent with a diagnosis of ZES. This test
may be of particular utility in patients who have undergone
prior operations to reduce acid output.

RADIOLOGIC LOCALIZATION

As a first-line study, ultrasound has a sensitivity no greater
than 30% but its specificity approaches 92%.35 The accuracy
of CT scanning is dependent on the size of the gastrinoma.26,36

Tumors less than 1 cm in size are rarely visualized. Overall,
CT imaging can identify approximately 80% of pancreatic and
35% of extrahepatic gastrinomas.36 MRI is expensive and, on
the basis of most studies, images only about 25% of primary
gastrinomas.35 EUS has a sensitivity of 50–75%, but is highly
operator-dependent.

Somatostatin receptor scintigraphy (SRS) was first evalu-
ated in 1993,37 and is now regarded as the imaging test of choice
for localizing both primary and metastatic gastrinomas (Fig.
30.1). 90% of tumors can be imaged by this modality with a
specificity approaching 100%.38 In the setting of ZES, when
clinical suspicion of gastrinoma is high, it has a positive pre-
dictive value of 100% and can have a sensitivity exceeding all
other imaging studies combined.38,39 However, it still may be
unable to identify small primary duodenal gastrinomas.

Invasive studies, such as PVS for gastrin and intraarterial
secretion injections, have largely been supplanted by SRS.

Intraoperative studies, such as intraoperative ultrasound
IOUS and intraoperative endoscopy (IOE), with and without
transillumination, have proven utility.40

Other Neuroendocrine Tumors

GLUCAGONOMA

Glucagonoma is a malignant pancreatic islet cell tumor that
usually presents during the fifth or sixth decade of life; 16%
of cases occur in those less than 40 years old.41 Patients have
a characteristic raised red pruritic rash called necrolytic mi-
gratory erythema (NME) that typically involves the pretibial,
perioral, and intertriginous areas. It is seen in approximately
64% to 90% of patients. Patients also have severe hypo-

aminoacidemia, weight loss, type 2 diabetes mellitus, and
marked muscle wasting or cachexia (see Table 30.2).

NME can precede diagnosis or suspicion of a glucagonoma
for many years, leading to patients being treated for dermato-
logical findings. The biochemical diagnosis of glucagonoma is
made by measuring elevated plasma levels of glucagon (�500
pg/ml) and decreased plasma levels of amino acids (Table 30.2).
Because the cachexia is so severe, most patients are initially
managed by total parenteral nutrition (TPN) with supplemen-
tal zinc, trace metals, and insulin. Long-term management of
patients with metastatic glucagonoma has relied on the use of
octreotide, which can reduce circulating plasma levels of glu-
cagon and improve the rash and malnutrition.42 At the time
of diagnosis, most tumors are large (average size, 5–10 cm) and
either locally advanced or metastatic and unresectable. For this
reason, surgery for glucagonoma is seldom curative.43

VASOACTIVE INTESTINAL PEPTIDE TUMOR (VIPOMA)

The VIPoma syndrome was first reported by Verner and Mor-
rison in 195844 and came to bear their names. Because of the
associated severe diarrhea, it is also referred to as the pan-
creatic cholera syndrome,45 endocrine cholera syndrome,46 or
WHDA (watery diarrhea, hypokalemia, and achlorhydria) syn-
drome.47 The mean age at diagnosis is 50 years, and there is
a slight female preponderance.46,48

VIPomas induce a severe secretory diarrhea, a form of diar-
rhea that is defined by persistence despite abstaining from oral
intake. This leads to hypokalemia, hypochlorhydria, hypov-
olemia, and dehydration (Table 30.2). Patients with VIPoma
commonly have 5 to 10 L of stool output per day and report ab-
dominal cramping and flushing. Approximately 85% to 90% of
VIPomas arise within the pancreas, but extrapancreatic duode-
nal VIPomas have also been described.12,49 Elevated serum lev-
els of pancreatic polypeptide have been used to distinguish pan-
creatic VIPomas from extrapancreatic tumors.48 In children, a
ganglioneuroma or ganglioneuroblastoma may also produce the
syndrome.49 The diagnosis of VIPoma is made when fasting
plasma levels of vasoactive intestinal polypeptide (VIP) are above
500 pg/ml in the presence of secretory diarrhea (Table 30.2).
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FIGURE 30.1.  Somatostatin receptor scintigraphy (SRS) in a patient
with Zollinger–Ellison syndrome (ZES) shows signal uptake in a le-
sion that is consistent with a gastrinoma (arrows) within the area of
the gastrinoma triangle. On exploration, the lesion was found in the
wall of the duodenum.



Because of the severe dehydration and electrolyte abnor-
malities, it is necessary to correct these abnormalities before
surgery. Octreotide dramatically reduces serum VIP levels and
secretory diarrhea in more than 80% of patients and greatly
simplifies fluid and electrolyte resuscitation before sur-
gery.42,46 Although these tumors are malignant, surgery is of-
ten effective.

SOMATOSTINOMA

Somatostatinomas50 are very rare malignant neuroendocrine
tumors that arise in either the duodenum or pancreas. Pan-
creatic tumors are seen in about 50% of cases, and duodenal
tumors may be associated with von Recklinghausen’s disease.
The somatostatinoma syndrome includes steatorrhea, chole-
lithiasis, diabetes mellitus type 2, and hypochlorhydria (Table
30.2). The mean age at presentation is 51 to 53 years.51 So-
matostatin-like activity can be measured by immunological as-
says and is the key to the diagnosis (Table 30.2). Most patients
have unresectable metastatic tumor at the time of diagnosis.

NONFUNCTIONING ISLET CELL TUMORS

Nonfunctioning islet cell tumors or pancreatic polypeptide-
producing tumors (PPoma) do not have a clinical syndrome
related to the excessive hormone secretion.6 These tumors
usually present during the fourth or fifth decade of life.51 They
are usually malignant and large at the time of clinical diag-
nosis and produce symptoms secondary to the mass effects
of the tumor. Most of these tumors are resectable but they
often require pancreaticoduodenectomy (Whipple resection)
or subtotal pancreatectomy.52

RARE ISLET CELL TUMORS

Islet cell tumors have been found to cause severe hypercal-
cemia secondary to parathyroid hormone–related peptide,
Cushing’s syndrome secondary to ectopic adrenocorticotropic
hormone (ACTH) production, and acromegaly secondary to
GRF production. Cushing’s syndrome has been reported in a
small number of ZES patients as the result of concomitant
elaboration of ACTH.53

RADIOLOGIC LOCALIZATION OF RARE ISLET CELL TUMORS

Radiologic localization of the less frequent islet cell tumors
such as somatostatinoma, VIPoma, glucagonoma, PPoma, and
nonfunctional tumors is relatively simple. In contrast to in-
sulinomas or gastrinomas, virtually all these tumors will be vis-
ible with current CT imaging. Somatostatin receptor scintigra-
phy (SRS) should also be used for these patients to detect occult
distant metastases and to determine if the tumor has functional
somatostatin receptors.54 Approximately 80% to 90% of these
rare islet cell tumors will image on octreoscan.15,54,55 If an in-
dividual tumor can be detected by this modality, the hormonal
syndrome will usually respond to octreotide.

Treatment of Neuroendocrine Tumors

Insulinoma

MEDICAL MANAGEMENT

Medical management is the initial treatment of patients di-
agnosed with insulinoma (Table 30.5).

SURGICAL MANAGEMENT

Surgery is the only curative treatment for patients with an
insulinoma.13,22,56,57 Often, medical control of the hypo-
glycemia is unsatisfactory, placing more emphasis on a suc-
cessful surgical outcome. The presence of MEN-1 should be
excluded by testing for other components of the syndrome,
which may include primary hyperparathyroidism, nephro-
lithiasis, and the presence of other endocrine or pituitary
tumors.58

Enucleation is the preferred surgical treatment for insu-
linoma23 because most tumors are solitary and benign. IOUS
is critical during surgery for insulinoma as it facilitates both
identification and removal of these tumors. Occasionally, the
surgeon is unable to remove these tumors by enucleation. In
this case, lesions are resected by either distal pancreatectomy
or Whipple pancreaticoduodenectomy. Many large series from
different institutions have demonstrated that more than 90%
of patients can have successful surgery with correction of the
hypoglycemia.22,57,59

Gastrinoma

MEDICAL MANAGEMENT

With the advent of histamine H2-receptor antagonists and,
more importantly, proton pump inhibitors, all patients can
experience control of acid hypersecretion and complete relief
of symptoms (Table 30.6). Omeprazole and lansoprazole block
gastric acid secretion by inhibiting the parietal cell apical
H�–K�-ATPase. H2-receptor antagonists are also effective,
but progressively higher doses may be required to control
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TABLE 30.6. Medical and Preoperative Treatment Modalities 
for Neuroendocrine Tumors.

Tumor Treatment

Insulinoma Frequent small meals
Cornstarch
Diazoxide
Verapamil
Octreotide
Propanolol
Phenytoin

Gastrinoma Omeprazole or lansoprazole
H2-receptor antagonists

Glucagonoma Octreotide
Total parenteral nutrition with added trace 

elements
Diabetes control

VIPoma Octreotide
Somatostatinoma Octreotide

Fluids
Diabetes control

PTH-RPoma Fluids
Lasix
Mitramycin
Diphosphonates

ACTHoma Ketoconazole
Aminoglutethimide
Mifepristone

GRFoma Octreotide
Carcinoid Octreotide



symptoms. They may be associated with a long-term failure
rate, making proton pump inhibitors the current drugs of
choice. Periodic gastric surveillance endoscopy should be per-
formed on all patients treated with proton pump inhibitors
for long periods.

SURGICAL MANAGEMENT

Medical control of acid hypersecretion obviates the need for
total gastrectomy.26,60 Based on the results of a number of
long-term studies, the malignant potential of the tumor itself
is the main determinant of long-term survival.29,61,62 Because
of this, all patients with sporadic gastrinoma are candidates
for tumor localization and surgery. The goals of surgery are
twofold: resection of primary tumor for potential cure and
prevention of malignant progression. In patients with the
MEN-1 and primary hyperparathyroidism (HPT), it has been
shown that successful neck exploration for resection of
parathyroid hyperplasia can significantly lessen the end-
organ effects of hypergastrinemia. Therefore, in patients with
MEN-1 who have HPT in conjunction with ZES, neck ex-
ploration and subtotal or 4-gland parathyroidectomy with au-
totransplantation should be performed before attempting gas-
trinoma resection.58

At surgery, a tumor will be found in approximately 95%
of sporadic gastrinoma patients, and 14% to 58% of patients
will be cured immediately following resection.11,63 The long-
term cure rate, with surgery, is 34% to 81%. In patients with
MEN-1 and gastrinoma; however, the identification of all tu-
mor foci is imprecise, and surgery results in a significantly
lower cure rate.28,64

Other Islet Cell Tumors

MEDICAL MANAGEMENT

Medical therapy may be used to control the signs and symp-
toms of excessive hormonal secretion, but it will seldom con-
trol the tumoral process (Table 30.5). Medical therapy is not
curative, but it can provide symptomatic relief.

SURGICAL MANAGEMENT

Overall, surgical resection is the only potentially curative
therapy for patients with islet cell tumors.6,12 In general,
surgery is indicated for all patients with islet cell tumors in
whom all tumors can be imaged and removed with accept-
able morbidity and mortality. Debulking surgery may also be
indicated in any patient with a large tumor burden or metasta-
tic disease in whom medical treatment does not control hor-
monal symptoms.7 Similarly, other procedures such as bilat-
eral adrenalectomy may be indicated because of the inability
to effectively treat symptoms.65

In patients with MEN-1 and concomitant neuroendocrine
tumors, resection should be pursued if the tumors are larger
than 2 cm because size correlates with increased malignant
potential. The major consideration in dealing with the tumors
found in the setting of MEN-1 is that these tumors are usu-
ally multiple and it may be unclear which exact tumor is re-
sponsible for the excessive hormone production.14 However,
most patients will have a large dominant tumor that may be
responsible for most, if not all, the symptoms.23 Therefore,

in MEN-1 patients, surgery should be attempted for all large
pancreatic islet cell tumors that are detected by conventional
studies.

Metastatic Disease

Malignant Insulinoma

Surgery in patients with malignant insulinoma may be cu-
rative, but only if all tumor can be completely removed.23,66

Resection of all identifiable tumor appears to improve sur-
vival and may even cure a subset of patients. Debulking
and/or ablation may also lessen the signs and symptoms of
hypoglycemia, especially in patients who do not respond
adequately to medical management. Aggressive surgery
may also be indicated in instances in which the tumor
causes gastrointestinal hemorrhage or biliary or intestinal
obstruction. 

Chemotherapy for metastatic insulinoma has been largely
ineffective. Chemoembolization, a combination of simulta-
neous hepatic artery occlusion and chemotherapy, has had
some significant antitumor responses and may also be used to
ameliorate symptoms.67 However, side effects and complica-
tions may occur including life-threatening liver abscesses. Al-
cohol injection, radiofrequency ablation, and cryotherapy have
also been used in the treatment of metastatic insulinoma with-
out clear benefit, but can control individual lesions.

Malignant Gastrinoma

With successful control of gastric acid hypersecretion and the
indolent growth pattern of the gastrinoma, distant metastatic
disease becomes the most important determinant of mortal-
ity. The 5-year survival for patients with metastasis disease is,
on average, approximately 40%.26 Chemotherapy has been uti-
lized in the treatment of metastatic gastrinomas but does not
prolong survival. A combination of doxorubicin, 5-fluorouracil,
and streptozotocin provides a 40% partial response rate but no
survival benefit or complete responses.68 Likewise, hepatic
artery chemoembolization has minimal, and transient, efficacy
and the use of octreotide or alpha-interferon as antitumor
agents has also shown little effect on the malignant process.69

Surgery remains the major effective treatment for meta-
static gastrinoma. Aggressive surgery in appropriate patients
with hepatic metastases seems to demonstrate a survival ad-
vantage. Furthermore, although studies are ongoing, it appears
that, even in those patients with unresectable disease, hepatic
cryosurgery or radiofrequency ablation may serve to reduce
symptoms, control tumor and prolong survival.

Other Islet Cell Tumors

Chemotherapy has been used in the treatment of metastatic
islet cell tumors, with 40% partial but few documented com-
plete responses.68 Recently, chemoembolization, with simul-
taneous hepatic artery occlusion and doxorubicin infusion, has
had dramatic antitumor responses in individuals with large
hepatic tumor volumes.67 However, side effects have been re-
ported and complications may occur. Intralesional alcohol in-
jection and cryotherapy have been also been used in a few pa-
tients without clear benefit.
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Surgical Techniques

Enucleation of Insulinoma

Because insulinomas are usually benign, small, and uniformly
distributed throughout the pancreas, the goal of surgery is pre-
cise localization of tumor and excision with preservation of
normal pancreas and spleen. At the time of surgery, the pan-
creas is fully exposed to allow complete palpation and 
inspection of the gland. IOUS is performed with a high-reso-
lution real-time transducer (7.5–10 MHz). Insulinomas appear
sonolucent compared to the more echo-dense normal pan-
creas. IOUS has been useful in facilitating the enucleation of
nonpalpable insulinomas within the pancreatic head. Recent
reports have also suggested that insulinoma resection can be
accomplished laparoscopically.70,71

Duodenotomy for Gastrinoma

During surgery for a gastrinoma, it is important to remember
that these tumors can occur in extrapancreatic locations, par-
ticularly the duodenum. It is important to explore and pal-
pate the liver, stomach, small bowel, and mesentery as well
as the pancreas and pelvis. Once adequate exposure is ac-
complished, the duodenum and pancreas can be fully palpated
and examined by IOUS. IOUS should also be used to image
the liver. Tumors appear sonolucent and should be imaged in
two dimensions. The duodenum can then be palpated be-
tween thumb and forefinger for the presence of mass lesions.
IOE with duodenal transillumination may also be performed.
A duodenal gastrinoma appears as a photopaque mass lesion
within the wall of the duodenum upon transillumination. The
endoscopist may occasionally also visualize the tumor as a
raised mucosal defect.

Regardless of the results of IOUS or IOE, a duodenotomy
is indicated in all cases (Fig. 30.2). This procedure allows for
visualization as well as a more careful palpation of the entire
duodenal wall, particularly its medial portion. 

Reoperation for recurrent localized gastrinoma is indi-
cated if the tumor is imageable and the patient is a suitable
candidate for surgery. Reoperation can result in elimination
of all tumor in nearly every patient and complete remission
in 30%.68

Carcinoid Disease

Epidemiology

The exact incidence of carcinoid disease is unknown because
it differs considerably in different populations and with differ-
ent study types. Overall, the estimated incidence is thought to
be 1.5 per 100,000 of the general population.72 The incidence
seems to vary with regard to age and gender. The age of pa-
tients ranges from 8 to 93 years,73–76 with a mean age at pre-
sentation of 55 to 60 years. The incidence in women seems
to be slightly higher than in men.

Classification and Tumor Characteristics

Carcinoid tumors are derived from chromaffin or Kulchitsky
cells,77 which are ubiquitous throughout the gastrointestinal
and urogenital tract as well as the bronchial epithelium.78,79

This explains the occurrence of carcinoids in a wide range of
anatomical sites. Importantly, malignancy cannot be identi-
fied on the basis of histology or cytochemical findings alone
and, as with other neuroendocrine tumors, remains a clinical
diagnosis after the finding of lymph node or distant metas-
tases.

From a histological standpoint, carcinoid tumors gener-
ally cannot be differentiated from other neuroendocrine tu-
mors when viewed under the light microscope with the usual
stains. They are composed of homogenous sheets of small
round cells with uniform cytoplasm and nuclei and rare mi-
totic figures.80–82 Characteristically, carcinoid tumors may
take up and reduce silver salts (argentaffin reaction of Mas-
son) or may take up, but not reduce, silver unless exogenous
reducing substances are added (argyrophilic reaction). The his-
tochemical diagnosis of the tumor may be complimented by
the use of monoclonal antibodies to serotonin.80,81

In the early 1960s, Williams and Sandler proposed a clas-
sification system based on the carcinoid tumor anatomical site
of origin.83 This system proposed that tumors be classified into
foregut (including respiratory tract and thymus), midgut, and
hindgut carcinoids. Foregut carcinoids are derived from the
respiratory tract, stomach, proximal duodenum, and pancreas.
They are generally argentaffin negative but argyrophilic. They
occasionally secrete 5-hydroxytryptophan (5-HTP) or ACTH
and other hormones, are associated with an atypical carcinoid
syndrome, and have the potential to metastasize to bone.83

Midgut carcinoids (jejunum, ileum, and right colon) are ar-
gentaffin positive. They rarely secrete 5-HTP or ACTH but do
release 5-HT and tachykinins and do cause the classic carci-
noid syndrome with liver metastases. They rarely metastasize
to bone.83 Hindgut (transverse colon, left colon, and anorec-
tum) carcinoid tumors are described as being argentaffin neg-
ative, but argyrophilic. They hardly ever secrete 5-HTP or
ACTH, but can contain numerous gastrointestinal hormones
and rarely cause a classic carcinoid syndrome. Like, midgut
carcinoids, they rarely metastasize to bone.83

Tumor Biology

The exact factors involved in carcinoid tumorigenesis are
largely unknown. In general, they are slow-growing neo-
plasms. Clinical manifestation of the disease tends to increase
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FIGURE 30.2.  Illustration of the closure of a duodenotomy after ex-
amination and palpation for the presence of a duodenal gastrinoma.
The duodenotomy (A), which is usually started at the junction of the
first and second portion of the duodenum, is normally closed trans-
versely (B) in two layers to minimize the risk of leakage or narrow-
ing. In the case of a long duodenotomy, it may be necessary to close
the incision longitudinally (C).



with tumor size and metastatic behavior.84,85 The most fre-
quent site of occurrence is the appendix, where up to 40% of
tumors are found.86 These are usually small, and frequently
asymptomatic. The next most common sites are the small in-
testine, rectum, and bronchus.86 Small intestine carcinoids,
especially those in the jejunoileum, seem to manifest the most
aggressive clinical behavior.76,84,87

The release of 5-HT into systemic circulation has long
been thought to be responsible for the symptoms of the car-
cinoid syndrome, and numerous studies have documented
both an increase in serum and platelet serotonin levels as well
as urinary levels of the serotonin metabolite 5-HIAA. The
classic carcinoid syndrome is usually a consequence of dis-
seminated midgut carcinoids. Foregut carcinoids, on the other
hand, rarely cause the classic syndrome but may manifest an
atypical carcinoid syndrome, mainly comprising a generalized
flushing, headache, cutaneous edema, lacrimation, and bron-
choconstriction.75 Patients with an atypical carcinoid syn-
drome usually have significantly increased urinary levels of
5-HT and 5-HTP but normal or only slightly elevated levels
of 5-HIAA.75 However, there remains an inconsistent rela-
tionship between elevated 5-HT or 5-HTP levels and symp-
toms caused by carcinoid disease.

Signs and Symptoms

Approximately 40% to 60% of carcinoid tumors can be
asymptomatic87,88 and are only diagnosed after investigation
of nonspecific complaints or after appendectomy. In those
that are symptomatic, the presentation varies considerably
according to tumor location. The most dramatic presentation
is that of the carcinoid syndrome itself, and it is usually a
consequence of tumor factors gaining access to the systemic
circulation, thus circumventing metabolism in the portal or
pulmonary arterial circulation.

As a general rule, patients with the classic syndrome pre-
sent with diarrhea, flushing, localized, or generalized pain and
right-sided endocardial involvement, ultimately producing
valvular heart disease and heart failure (Tables 30.2 and 30.7).

Diagnosis

The presumptive diagnosis of carcinoid disease can be sus-
pected in all patients with clinical symptoms or signs sug-
gestive of a carcinoid tumor or carcinoid syndrome. However,
the characteristic clinical presentation may not always be ap-
parent. Because of nonspecific symptoms, the diagnosis of
small intestinal carcinoids may be frequently delayed, some-

times with a median time from presentation to diagnosis of
approximately 2 years.84

Biochemical testing remains the cornerstone of diagnosis
for symptomatic carcinoid tumors (Table 30.2). The most
widespread and inexpensive tests rely on the measurements
of serotonin or its metabolites in urine. The measurement of
the serotonin metabolite 5-HIAA in a 24-h urine sample is
commonly used.89 Patients with carcinoid tumors have in-
creased urinary 5-HIAA excretion, in the range of 8 to 30 mg
per day. When used alone, urinary 5-HIAA levels have a
sensitivity of around 73% and a specificity of 88% to
100%.75,89,90 Similarly, urinary 5-HT levels have sensitivities
of 55%, 82%, and 60% for foregut, midgut, and hindgut car-
cinoid tumors, respectively.91 It should be remembered that,
in patients with an atypical carcinoid syndrome, urinary 5-
HIAA levels may not be significantly elevated because the
principal metabolite in this case is 5-HTP. In this case, mea-
surement of urinary 5-HT, platelet serotonin levels, or uri-
nary levels of tryptophan metabolites will contribute to the
diagnosis.92 Recently, serum levels of chromogranin A are
found to be elevated in 90% of patients with carcinoid tu-
mors, and thus provide a useful marker.

Localization

Up to 40% of primary and metastatic disease may not be visu-
alized by usual techniques.93 Chest radiography is usually the
first imaging modality to detect bronchial carcinoids and is usu-
ally performed to investigate nonspecific respiratory com-
plaints.75,94 As the tumors are slow growing, they may compress
airways and induce an obstructive pneumonia or atelectasis and
may appear as opacities with notched margins.95 CT scanning
then allows for greater resolution of the lesion, and tissue for di-
agnosis may be obtained by broncoscopy if the lesion is proxi-
mal in the respiratory tree. Gastric carcinoids are also usually
asymptomatic and are usually diagnosed on endoscopy. Upper-
gastrointestinal barium contrast studies are generally nonspe-
cific or fail to visualize the lesion.96,97 Likewise, lower gas-
trointestinal contrast studies have poor sensitivity and
specificity for hindgut carcinoid tumors98 but are more suc-
cessful in localizing those in the cecum and ascending colon.76,98

Ultrasonography has received renewed interest in recent
years in the localization of primary as well as metastatic dis-
ease. Transabdominal US can identify about 36% of small
bowel carcinoids (Table 30.4) and 67% or more of liver metas-
tases.54 Ultrasound may also be of utility in guiding percuta-
neous liver biopsies of suspected lesions.99 Endoscopic ultra-
sound has become increasingly important in the localization
of tumors, particularly colorectal carcinoids. EUS may also be
valuable in identifying local nodal involvement.100

The localization of midgut carcinoid disease remains a
problem. The tumors are usually small and asymptomatic, or
are larger and have metastasized at the time of symptomatic
presentation. Usually barium studies fail to localize these le-
sions.101 CT scanning has been use extensively in the local-
ization of carcinoid tumors but images only about 44% to
55% of the primary lesions. Its greatest utility, and that of
MR imaging, lies in the detection of metastatic disease and
in monitoring medical therapy.102

Iodine-131 metaiodobenzylguanidine (131I-MIBG) is con-
centrated by both pheochromocytomas and carcinoids. Scinti-
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TABLE 30.7. Usual Presenting Symptoms in Patients with Classic
Carcinoid Syndrome.

Symptom Presenting (%)

Diarrhea 32–68
Flushing 23–74
Reactive airway disease 4–18
Heart disease 41
Pain 10
Pellagra 5

Sources: Norheim et al. (1987)169; Thorson (1958).130



graphic scans using this tracer localize about 68% of midgut
and 38% of foregut carcinoids,103 and have an average sen-
sitivity of about 70% with a specificity of 95%37 when us-
ing the iodine-123 isotope. The utility of 131I-MIBG scanning
seems to lie in its ability to localize metastatic tumor rather
than as a first-line imaging modality.103 SRS or octreoscan
images approximately 90% of carcinoid tumors and metas-
tases and is the imaging study of choice. Further, imageable
tumors will respond to octreotide therapy. Technetium-99m
bone scanning appears to be superior to other isotopic stud-
ies at imaging bony metastases.104

Metastatic Disease and Survival

Carcinoid tumors are malignant and the presence of metas-
tasis directly influences survival. In one multivariate analy-
sis of gastrointestinal carcinoids, gender and the presence of
local or distant metastases were independently predictive of
death.105 A number of factors have been found to have an in-
fluence on the development of metastatic disease, the most
important being size, location, and histological stage of the
primary tumor.84,98,105–107 54% to 66% of patients with spo-
radic gastric carcinoid develop metastases.

Similarly, overall survival rates are dependent on tumor
location and size. 94% 5-year survival with local disease and
18% 5-year survival with distant metastases has been re-
ported. Appendiceal lesions showed the most favorable prog-
nosis, with 76% to 100% 5-year survival, even with regional
metastases, and 27% 5-year survival with distant involve-
ment. For other tumor sites, 5-year survival ranges from
52%–96% for local disease, to 0%–44% for distant spread.

Treatment of Carcinoid Disease

Medical Management and Chemotherapy

The medical management of carcinoid disease is essentially
the treatment of the carcinoid syndrome that may occasion-
ally be precipitated by any number of stressors. Its immedi-
ate life-threatening manifestation is that of the carcinoid cri-
sis with intense flushing, diarrhea, abdominal pain, altered
mental status, and cardiovascular derangements, particularly
hypertension or hypotension.108

Although a variety of agents have been employed to treat
the carcinoid syndrome or crisis, octreotide is the only cur-
rent agent that has been shown in a number of studies to have
any value in treatment and prevention.108–111

Interferon-� has also been employed in treating the car-
cinoid syndrome and metastatic disease. Long-term follow-
up has reported an objective response rate of the order of 12%
to 48%.112,113 The adverse side effects of interferon therapy,
unlike those of octreotide, have limited its use. Currently, in-
terferon therapy has utility in patients who have failed oc-
treotide treatment, or in combination with hepatic em-
bolization or certain chemotherapy regiments.

Other agents have been tried and evaluated on a sporadic
basis. Antidiarrheal agents such as loperamide, selective bron-
chodilators, and diuretics have all been employed to control
diarrhea, wheezing, or heart failure seen with advanced dis-
ease. 5-HT receptor antagonists have also been used to treat
carcinoid syndrome with some success.114

There is no strong consensus on the type or timing of
chemotherapy for malignant carcinoid tumors. Given the in-
dolent growth pattern of the tumor, the generally poor effi-
cacy of chemical agents, and the ability to control symptoms
of the carcinoid syndrome with octreotide or interferon,
chemotherapy is usually reserved for advanced tumors.
Chemotherapy for metastatic carcinoid tumors has generally
had poor results, with single-agent regimens producing no
more than a 30% transient response rate.115 Streptozotocin
(STZ), dacarbazine (DTIC), or 5-fluorouracil (5-FU) showed
the largest response.111,115

The introduction of hepatic artery embolization has al-
lowed for the application of more aggressive multimodality
therapy. Numerous studies116–120 have evaluated selected
embolization using both oil emulsions and gelfoam and
found overall favorable biochemical (5-HIAA) and symptom
response, but no significant increase in survival.117 Em-
bolization can have significant side effects in up to 12% of
patients, including nausea, abscess formation, abdominal
pain, fever, and ileus. In addition, the mortality rate may be
as high as 3%.119 It is usually contraindicated in patients
with obstructive jaundice or in cases where the portal vein
is occluded by tumor.

Multimodality therapy using hepatic embolization and
chemotherapy (chemoembolization) has combined the use of
gelfoam embolization with 5-FU, doxorubicin, STZ or dacar-
bazine (DTIC), and/or interferon-�. A number of large stud-
ies have documented improvement of carcinoid symptoms in
virtually all patients with objective response, in terms of re-
duction in tumor size, seen in 35% to 100% of individu-
als.84,121–123

Radiation therapy is usually reserved for cases of advanced
metastatic and unresectable carcinoid tumors whose symp-
toms have become resistant to maximal medical manage-
ment. At present, it is particularly helpful in controlling
symptomatic bone metastases.

Surgical Management

Surgery remains the only potentially curative treatment for
patients with carcinoid disease.124–127 However, surgery for
cure is mainly dependent on the location and size of the pri-
mary tumor because these elements largely influence the po-
tential for metastatic spread.98,105–107 Even with regional
lymph node metastases, surgery may still be curative in some
patients,125 and there is still a role for more aggressive surgi-
cal therapy in select patients with advanced disease.126
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Multiple Endocrine 
Neoplasia
Terry C. Lairmore

Multiple Endocrine Neoplasia Type 1

Clinical Features

Wermer in 19541 first described the features of MEN 1 in sev-
eral members of a single kindred, and correctly reasoned that
the disease was caused by an autosomal dominant gene with
high penetrance. Multiple endocrine neoplasia (MEN) type 1 is
characterized by the development of parathyroid hyperplasia
(greater than 95% of patients), neuroendocrine tumors of the pan-
creas and duodenum (35–75%), and pituitary adenomas (16–65%
of patients with MEN-1). In addition, bronchial and thymic car-
cinoids (8%) benign thyroid tumors, benign and malignant
adrenocortical tumors, lipomas, and ependymomas of the CNS
occur with increased frequency in patients with MEN 1.

HYPERPARATHYROIDISM

More than 95% of individuals with MEN 1 ultimately de-
velop primary hyperparathyroidism as the result of multiglan-
dular parathyroid hyperplasia. The clinical features of hyper-
parathyroidism in patients with MEN 1 are indistinguishable
from those in patients with sporadic hyperparathyroidism, ex-
cept for the development of hypercalcemia at a markedly ear-
lier age in patients with MEN 1. The average age for onset of
hypercalcemia in patients with MEN 1 is approximately 25
years.2 Owing to the autosomal dominant pattern of inheri-
tance for MEN 1, males and females are affected nearly
equally, in contrast to the 3:1 female-to-male ratio in spo-
radic hyperparathyroidism.

NEUROENDOCRINE TUMORS OF

THE PANCREAS AND DUODENUM

Depending on the method of study, 35% to 75% of patients
with MEN 1 develop neuroendocrine tumors of the pancreas
and duodenum. These tumors cause symptoms because of ei-
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ther hormone oversecretion or mass effects from the tumor
growth itself. The pancreaticoduodenal tumors in patients
with MEN 1 are characterized by a high malignant potential
and aggressive biological behavior. Nonfunctioning or pan-
creatic polypeptide (PP-oma) producing tumors may be the
most frequent neuroendocrine tumor of the pancreas that oc-
curs in patients with MEN 1.

GASTRINOMA

Gastrinoma is the most common functional neuroendocrine
tumor associated with the MEN 1 syndrome. The diagnosis
of Zollinger–Ellison syndrome (ZES) is made by the finding
of gastric acid hypersecretion (�15 mEq/h in patients with
no history of gastric surgery or �5 mEq/h in patients with
prior gastric surgery for peptic ulcer disease), in association
with inappropriately elevated fasting serum gastrin levels
(�100 pg/ml). The diagnosis is confirmed by an abnormal se-
cretin stimulation test. A positive test is present when serum
levels of gastrin rise more than 200 pg/ml following the in-
travenous administration of secretin (2 U/kg). The most com-
mon presenting symptom is pain in the epigastrium,3–5 and
some degree of peptic ulcer disease is identifiable in approx-
imately 70% to 80% of patients. Control of the acid hyper-
secretion is usually achievable with medical treatment either
with potent H2-receptor antagonists or proton-pump in-
hibitors. The acid output should be maintained at levels less
than 5 mEq/h at all times. Approximately 15% to 50% of pa-
tients with gastrinoma have liver metastases at the time of
diagnosis.6

Patients with primary hyperparathyroidism should un-
dergo parathyroidectomy because normalization of the serum
calcium level improves the ZES.7 Management of patients
with ZES should also include intensive medical treatment to
control the gastric acid hypersecretion. Although most evi-
dence indicates that patients with ZES and MEN 1 are rarely
cured by surgery, localized resection of a potentially malig-



nant neuroendocrine tumor may be indicated in an attempt
to control the tumoral process and prevent subsequent ma-
lignant dissemination.

INSULINOMA

The second most common functional pancreatic neuroen-
docrine tumor in patients with MEN 1 is insulinoma. The
clinical elements needed for the diagnosis of insulinoma are
the signs and symptoms of neuroglycopenia during fasting
(anxiety, tremor, confusion, sweating, seizure, syncope), pro-
found hypoglycemia, and alleviation of symptoms after the
administration of glucose. The biochemical diagnosis is es-
tablished during a supervised fast with the measurement of
plasma levels of glucose, insulin, proinsulin, and C-peptide
at frequent intervals. The treatment for insulinomas is accu-
rate localization and resection to control the potentially life-
threatening hyperinsulinemia. In patients with MEN 1 and in-
sulinoma, despite the fact that these patients have multiple
pancreatic neuroendocrine tumors, the insulinoma is generally
a large identifiable tumor that is easy to find.6

Neuroendocrine tumors that secrete vasoactive intestinal
peptide (VIP), glucagon, or somatostatin occur less frequently.
These tumors produce characteristic syndromes depending on
the specific hormone produced.

Genetics of MEN 1

The MEN1 predisposition locus was assigned to chromosome
band 11q13 by a combination of genetic linkage mapping and
chromosome deletion studies in patients with MEN 1.8 The
MEN1 tumor suppressor gene encodes a predicted 610-amino-
acid protein product termed menin.9 The precise role of
menin in the regulation of cell growth has yet to be eluci-
dated.

Evaluation and Management of Endocrine
Neoplasia in Patients with MEN 1

Hyperparathyroidism

Because patients with MEN 1 have multiple gland involve-
ment of the parathyroid glands, there is a significantly higher
rate of recurrent or persistent hyperparathyroidism10–14 after
parathyroidectomy when compared to the results for the
treatment of sporadic parathyroid adenoma. The appropriate
initial surgical procedure for patients with MEN 1 is either
total four-gland parathyroidectomy with intramuscular auto-
transplantation of parathyroid tissue to an accessible site in
the forearm, or subtotal three-and-one-half-gland parathy-
roidectomy leaving the parathyroid tissue remnant in situ in
the neck. Direct comparison of these two accepted surgical
treatments awaits the performance of a prospective, random-
ized study.

Pancreaticoduodenal Neuroendocrine Tumors

The optimal management of the neuroendocrine tumors of
the pancreas and duodenum in patients with MEN 1 remains
controversial.

Multiple Endocrine Neoplasia Type 2

Clinical Features

The multiple endocrine neoplasia type 2 (MEN 2) syndromes
are a group of clinically and genetically related autosomal dom-
inant familial cancer syndromes in which the principal feature
is medullary thyroid carcinoma (MTC). The diagnosis of MTC
in a patient with a thyroid nodule should prompt a thorough
family history and measurement of urinary catecholamines to
exclude pheochromocytoma. Pathological features that sug-
gest a familial form of MTC include multiple bilateral foci of
MTC and the presence of a C-cell hyperplasia.

MEN 2A

Multiple endocrine neoplasia type 2A (MEN 2A) consists of
MTC, pheochromocytomas, and parathyroid hyperplasia.15,16

Virtually all patients with MEN 2A develop MTC in the sec-
ond or third decade of life. Approximately 50% of patients17

with MEN 2A develop pheochromocytomas, which may be
bilateral. The most variable component of the syndrome is hy-
perparathyroidism, occurring in as many as 30% of patients.17

MEN 2B

The multiple endocrine neoplasia type 2B (MEN 2B) syn-
drome18,19 is characterized by a slightly different complex of
abnormalities. Affected individuals have a recognizable phe-
notype (Fig. 31.1) that includes thick “bumpy” lips caused by
the development of multiple neuromas on the tongue and
buccal mucosa, prognathism, skeletal abnormalities, and a
“marfanoid” body habitus. Multiple ganglioneuromas of the
gastrointestinal tract also occur in patients with MEN 2B, of-
ten resulting in the presence of disordered colonic motility
associated with megacolon. Patients with MEN 2B do not de-
velop hyperparathyroidism.

FAMILIAL MEDULLARY THYROID CARCINOMA

Familial medullary thyroid carcinoma (FMTC) consists of
MTC inherited in an autosomal dominant pattern without
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FIGURE 31.1.  Characteristic appearance of multiple mucosal neu-
romas on the lips, tongue, and buccal mucosa of a patient with
MEN 2B.



the presence of any associated endocrinopathies.20 The MTC
in patients with FMTC may not develop until the fifth or
sixth decade and is relatively indolent.

Genetics of MEN 2

The ret proto-oncogene encodes a transmembrane receptor 
tyrosine kinase (RTK) that functions in signal transduction.
The MEN 2A syndrome is associated with missense germline
ret proto-oncogene mutations involving one of five codons in
either exon 10 or 11 (codons 609, 611, 618, 620, 634) in over
95% of families.

Evaluation and Management of Endocrine
Neoplasia in Patients with MEN 2

Calcitonin as a Tumor Marker for MTC

Calcitonin (CT), the hormone secreted by the thyroid C-cells,
serves as a sensitive plasma tumor marker for the detection
of MTC or C-cell hyperplasia.21 The basal plasma calcitonin
level is related to the extent of MTC and the frequency of re-
gional and distant metastases.22

Early Thyroidectomy for Medullary Thyroid 
Carcinoma Based on Genetic Testing

MTC is the common feature of the MEN 2 syndromes and,
more importantly, the consistently malignant neoplasm that
is responsible for almost all of the disease-related morbidity
and mortality. Therefore, early detection and effective treat-
ment of the MTC is the key to improving outcome in pa-
tients with the MEN 2 syndromes. Total thyroidectomy be-
fore regional or distant metastasis of MTC is the preferred
treatment. Patients with MEN 2B should undergo thyroidec-
tomy as soon as the disease is recognized owing to the early
onset and aggressive nature of the MTC in this syndrome.

Pheochromocytoma

Patients with MEN 2 are diagnosed with pheochromocytoma
based on the findings of signs and symptoms of catecholamine
excess, elevated 24-h urinary catecholamine excretion, and
unilateral or bilateral adrenal masses on cross-sectional imag-
ing tests. It is imperative that the presence of pheochromocy-
tomas is excluded before performing thyroidectomy because
of the anesthetic risks of unsuspected catecholamine excess.

Controversy exists concerning the optimal surgical man-
agement of the adrenal glands in patients with the MEN 2 syn-
dromes. Preneoplastic (adrenal medullary hyperplasia) and neo-
plastic change of the adrenal medulla in patients with MEN 2A
or MEN 2B is nearly always bilateral at the histopathological
level.23,24 For this reason, some experts advocate routine bilat-
eral adrenalectomy for patients with MEN 2A or MEN 2B,
whether or not both adrenal glands contain a macroscopic
pheochromocytoma.24–27 Others have recommended a selective
approach28,29 with excision of only those adrenal glands con-
taining a grossly evident pheochromocytoma at the time of in-
tervention. Although some studies have reported the occur-

rence of malignant pheochromocytomas in patients with MEN
2,24 other series suggest that malignancy is very infrequent in
this setting.25,26,28,29 However, the risk of a malignant pheochro-
mocytoma should not be totally dismissed, and bilateral adrena-
lectomy may be appropriate for members of families with a
clear history of malignant pheochromocytoma.

Hyperparathyroidism

The appropriate management of the parathyroid glands in
MEN 2 patients undergoing thyroidectomy for inherited MTC
remains controversial. Our group has recommended total
parathyroidectomy and autotransplantation of parathyroid
tissue into the forearm muscle, especially in patients under-
going early thyroidectomy based on genetic testing.11,30 Other
experts argue that selective parathyroidectomy is effective in
almost all patients and that routine total parathyroidectomy
with autotransplantation results in an increased rate of per-
manent postoperative hypoparathyroidism.31,32
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Cerebrovascular Disease
Sheela T. Patel and K. Craig Kent

Approximately 500,000 people in the United States de-
velop new strokes each year; stroke is a leading cause
of neurological disability and the third most common

cause of death, preceded only by coronary artery disease and
cancer. Carotid endarterectomy (CEA) is the most commonly
performed peripheral vascular operation in the United States.
In this chapter, the anatomy, pathophysiology, diagnosis, and
treatment of cerebrovascular disease are reviewed.

Anatomy

Anterior Circulation

The brain is supplied anteriorly by paired internal carotid ar-
teries, which provide approximately 80% to 90% of the total
cerebral blood flow. The left common carotid artery originates
directly from the aortic arch, whereas the right common
carotid artery originates from the innominate artery. The
common carotid arteries bifurcate at the angle of the
mandible into external and internal branches. The external
carotid artery has many divisions, several of which supply the
cerebral circulation through collaterals. The internal carotid
artery can be divided into the cervical (or extracranial), in-
trapetrosal, intracavernous, and supraclinoid segments. The
intracavernous and supraclinoid segments of the internal
carotid artery are referred to as the carotid siphon.

Posterior Circulation

The vertebral arteries supply 10% to 20% of the total cere-
bral circulation. Both vertebral arteries originate from the first
portion of their respective subclavian arteries and then enter
the vertebral canal at the transverse foramina of the sixth cer-
vical vertebra. The vertebral arteries unite to form the basi-
lar artery, which then branches into the right and left poste-
rior cerebral arteries. The posterior circulation supplies the
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brainstem, cranial nerves, cerebellum, and the occipital and
temporal lobes of the cerebrum.

Circle of Willis

The anterior communicating artery connects the two ante-
rior cerebral arteries. The posterior communicating artery
connects the internal carotid arteries (anterior circulation) to
the posterior cerebral arteries (posterior circulation). This in-
terconnecting network, which is termed the circle of Willis,
is completely intact in 20% to 40% of individuals and allows
for collateral flow between the hemispheres and the anterior
and posterior circulations (Fig. 32.1).

Clinical Presentation and Pathophysiology

Atherosclerosis is the pathological process most often re-
sponsible for cerebrovascular insufficiency. The carotid bi-
furcation is the predominant location for atherosclerotic dis-
ease. Low shear stress in well-defined regions of the carotid
bulb appear to stimulate the formation of atherosclerotic
plaque.

Symptoms of cerebrovascular disease may be the conse-
quence of distal embolization from an atherosclerotic plaque
or hypoperfusion related to a flow-limiting lesion. The most
common cause of a cerebral ischemic event, however, is 
embolization.

Hypoperfusion related to carotid artery stenosis is a less
common source of symptoms because extensive collateral cir-
culation is provided by the contralateral carotid and vertebral
arteries via the circle of Willis and by the external carotid artery
via transcranial connections. The fact that 90% to 95% of pa-
tients undergoing CEA do not develop cerebral insufficiency
during clamping of the carotid artery confirms that, in the ma-
jority of individuals with progressive atherosclerotic disease,
this collateral network is adequate to prevent cerebral ischemia.



FIGURE 32.1. Configuration of the terminal branches of the verte-
bral and internal carotid arteries and their interconnections to form
the circle of Willis.

Symptoms of cerebrovascular disease include hemispheric
transient ischemic attacks (TIAs), amaurosis fugax, and
stroke. A TIA is defined as an acute loss of cerebral function
that persists for less than 24 h, although most events are brief,
lasting 15 min or less. The specific clinical presentation de-
pends on the anatomical location of the area of cerebral is-
chemia. Symptoms associated with anterior or carotid bifur-
cation disease include sensory or motor deficits affecting the
contralateral face, arms, or legs, aphasia (if the dominant
hemisphere is affected), or alterations in higher cortical dys-
function. Patients with posterior or vertebrobasilar ischemia
may present with vertigo, dizziness, gait ataxia, dysarthria,
nystagmus, diplopia, bilateral visual loss, drop attacks (col-
lapse caused by loss of control of extremities without loss of
consciousness), as well as bilateral or alternating motor or
sensory impairment. Nonfocal symptoms, such as syncope,
confusion, and “light-headedness” are rarely the result of
cerebrovascular disease. Reversible ischemic neurological
deficits (RINDs) are cerebral vascular symptoms that persist
for more than 24 h but less than 7 days. Although the defin-
itions can vary, deficits that persist more than 7 days are usu-
ally considered strokes. A stroke may or may not be associ-
ated with an obvious infarct identified by computed tomog-
raphy (CT) or magnetic resonance imaging (MRI).

Transient unilateral loss of vision is referred to as amau-
rosis fugax. This symptom is classically described as the sen-
sation of a shade coming down over the entire, half, or a 
quadrant of one eye. This event is the consequence of a micro-
embolus lodging in the opthalmic artery or one of its retinal
branches. A cholesterol crystal (Hollenhorst plaque) is occa-
sionally observed on funduscopic examination as a bright re-
fractile body in a branch of the retinal artery. Although amau-
rosis fugax is a temporary event, retinal artery occlusion may
lead to permanent blindness.

There are several symptoms that suggest instability of a
carotid lesion and the potential of an imminent stroke. The
term crescendo TIAs is used to describe a series of transient
neurological events that occur with increasing frequency, du-
ration, or severity. A stroke-in-evolution is a neurological
deficit that progressively worsens through a series of discrete
exacerbations without intervening periods of normal neuro-
logical function. Patients with these clinical presentations
should be treated with anticoagulation if there is no radio-
logical evidence of hemorrhage and then urgent CEA so long

as the neurological deficit is not severe.1 Although no ran-
domized data are available, the outcome of urgent operation
appears to be superior to the natural history of this disease
process.2,3

Indications for Carotid Endarterectomy

Symptomatic Carotid Artery Disease

The North American Symptomatic Carotid Endarterectomy
Trial (NASCET) was a large prospective randomized trial de-
signed to test the efficacy of CEA in patients with sympto-
matic carotid stenosis.4 From 50 centers in the United States
and Canada, 659 patients with greater than 70% symptomatic
carotid stenosis were randomized to CEA or best medical
management. The cumulative 2-year risk of ipsilateral stroke
was 26% in patients treated medically and 9% in patients
treated with carotid endarterectomy, representing an absolute
risk reduction of 17% and a relative risk reduction of 65%.
Patients in this study who had surgical correction of high-
grade carotid stenoses gained a durable benefit from their op-
eration that persisted for at least 8 years.5 In subset analysis,
it was found that the degree of stenosis, clinical presentation,
and the presence or absence of ulceration affected the efficacy
of CEA. The benefit of CEA increased with the degree of
carotid stenosis. Medically treated patients with stenoses of
70% to 79%, 80% to 89%, and 90% to 99% had a 2-year risk
of stroke of 19.9%, 28.5%, and 34.6%, respectively. The 2-
year risk of stroke in patients treated with CEA was 9% re-
gardless of the degree of stenosis. Interestingly, the existence
of comorbidities, such as diabetes, coronary artery disease, or
hypertension, increased the incidence of stroke in medically
treated patients.4 However, the stroke rate was constant at
9% in the surgical group regardless of the number of comor-
bidities. These findings challenge the frequently expressed no-
tion that patients with multiple comorbidities benefit less
from surgical intervention.

A second cohort of patients, those with symptomatic 30%
to 69% stenoses, were also studied as part of NASCET. Al-
though patients with symptomatic moderate 50% to 69%
stenoses benefit less from carotid endarterectomy than those
with 70% to 99% lesions, in both groups surgery provided a
more durable long-term benefit than did treatment with the
best medical therapy. Thus, carotid endarterectomy has been
shown in prospective randomized trials to be effective in
treating symptomatic patients with greater than 50% carotid
artery stenosis.

Asymptomatic Carotid Disease

The Asymptomatic Carotid Atherosclerosis Study (ACAS) is
the largest available randomized trial of patients with asymp-
tomatic carotid stenosis.6 In this study, 1662 asymptomatic
patients with 60% to 99% carotid stenoses were randomized
to receive CEA or medical management. The 5-year risk of
stroke was 5.1% in patients treated surgically and 11% in pa-
tients treated medically, yielding a statistically significant
5.9% absolute risk reduction. This beneficial effect of surgery
in asymptomatic carotid disease was in large part the result
of a low 30-day operative risk (2.3%) for CEA. The effect of
degree of stenosis on the efficacy of CEA in asymptomatic
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patients was not adequately addressed by ACAS. Several non-
randomized studies, however, have demonstrated an associa-
tion in asymptomatic patients between increasing degrees of
stenosis and the benefit of CEA.7,8

Although a statistical benefit for CEA in asymptomatic
patients with 60% to 99% carotid stenoses was demonstrated
by ACAS, skeptics argue that 17 operations were required to
prevent one stroke over 5 years. This observation raised ques-
tions about the cost-effectiveness as well as the sensibility of
treating asymptomatic patients with CEA.9,10 Recent analy-
ses, however, have demonstrated that CEA in the cohort of
asymptomatic patients defined by ACAS is indeed cost ef-
fective11,12 when certain factors are taken into account. First,
longevity of a patient is an important criterion when select-
ing asymptomatic candidates for CEA because the benefit
demonstrated by ACAS can only be achieved in patients who
are expected to live at least an additional 5 years. Accord-
ingly, CEA is rarely cost effective in individuals above the
age of 80. Degree of stenosis may also be an important factor
in patient selection. Several studies have shown an increased
risk of stroke in medically managed patients with stenoses
greater than 80%. Thus, patients with high-grade stenoses
may comprise a subgroup of patients in whom CEA provides
greater benefit.

Tandem Lesions/Contralateral Carotid 
Occlusion/“String Sign”

The carotid siphon is the second most common location for
cerebrovascular atherosclerotic disease. Thus, the coexistence
of tandem lesions in the carotid siphon and the ipsilateral
carotid bifurcation is not unusual. Several retrospective stud-
ies have addressed the question of whether a carotid siphon
lesion adversely affects the perioperative risk as well as the
long-term benefit of CEA.13–16 No significant difference in
risk was found. Thus, under most circumstances, CEA is still
indicated in patients with tandem siphon stenoses.

CEA can be performed contralateral to an occluded carotid
artery with acceptable safety. Although some studies suggest
that CEA in these patients is associated with an increased in-
cidence of stroke, in many other studies the rate of stroke is
equivalent to that of patients without contralateral dis-
ease.17–20 Patients may present with a carotid “string sign”
in which arteriography reveals only minimal flow in the
internal carotid artery. The presence of a string sign may im-
ply markedly diminished flow through a highly stenotic prox-
imal carotid stenosis. In these patients urgent CEA can be
performed with the usual morbidity and mortality.21 A string
sign may also be associated with a diffusely diseased and fi-
brotic carotid artery that is technically challenging to recon-
struct.22 The rate of stroke with CEA is increased under this
circumstance.

Timing of Carotid Endarterectomy

The timing of CEA after an acute stroke is a critical issue
that has been studied in some detail. Early reperfusion fol-
lowing endarterectomy of a large recently infarcted region of
the brain can lead to cerebral hemorrhage and potentially dev-
astating consequences. This observation led to the traditional
dictum that CEA should be delayed a minimum of 4 to 6

weeks in patients presenting with completed strokes.23 Un-
fortunately, if this policy is rigidly followed, some patients,
because of instability of their carotid artery disease, will be
vulnerable to a second stroke that occurs during this 4- to 6-
week interval.24 It has since been shown that, in patients with
small fixed deficits or small infarcts seen by CT or MRI, the
risk of early CEA is not increased.25,26 Thus, patients with
small strokes and significant carotid stenosis should be con-
sidered for early operative intervention.

Patients scheduled for elective coronary artery bypass
grafting (CABG) may harbor significant carotid disease. Re-
ports estimate that 4% to 12% of patients awaiting elective
CABG will have, by duplex ultrasound, a carotid artery steno-
sis greater than 80%.27 Conversely, up to 35% of patients with
carotid disease will have significant coexisting coronary artery
disease.28 The appropriate treatment of patients with surgical
lesions of both the carotid and coronary arteries remains con-
troversial. A meta-analysis of more than 30 studies in which
this question was addressed calculated the following mortal-
ity and stroke rates: CEA before CABG (9.4%, 5.3%), CABG
before CEA (3.6%, 10%), and simultaneous CABG and CEA
(5.6%, 6.2%). Until further data are available, the timing of
CEA in patients requiring CABG should be individualized
with consideration given to the severity of symptoms.

Preoperative Studies

Contrast Arteriography

Contrast arteriography is the traditional method for evaluat-
ing the carotid bifurcation before CEA. Angiography can pro-
vide complete and detailed images of the proximal (aortic arch
and branches) and distal (intracranial) circulation as well as
the carotid bifurcation. Unfortunately, the incidence of stroke
associated with arteriography is not insignificant and this
morbidity must be included when calculating the overall risk
of intervention for carotid artery disease.

Duplex Ultrasonography

Duplex ultrasound (DU) can be an accurate, noninvasive pre-
operative method of imaging the carotid bifurcation. Peak sys-
tolic and end-diastolic velocities measured in the common
and internal carotid arteries are used to determine the degree
of stenosis. Accuracies for DU in the 90% range have been
obtained in laboratories with appropriate expertise.29 There
are, however, several limitations to DU, including the need
for experienced sonographers, the inability to accurately
anatomically define intracranial or intrathoracic circulation,
and the potential for misinterpretation of flow-related arti-
facts. Thus, validation of the accuracy of DU in individual
laboratories is essential before DU can be used as the sole
imaging modality before carotid endarterectomy.

Magnetic Resonance Angiography

Magnetic resonance angiography (MRA) is a variant of mag-
netic resonance imaging (MRI) that has been used increas-
ingly in the evaluation of patients with cerebrovascular 
occlusive disease. The carotid bifurcation, because of its
straight-line configuration and rapid blood flow, is especially
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well suited for evaluation by MRA. An appealing advantage
of MRA over DU is that it anatomically displays the in-
tracranial and extracranial circulation in a format strikingly
similar to that of a conventional arteriogram (Fig. 32.2). DU
and MRA can be complementary techniques for evaluating
carotid artery disease; when there is agreement between both
studies, contrast arteriography is rarely necessary.30–32

Carotid Endarterectomy

Although CEA is a conceptually simple operation, precision
and attention to technical detail are required to achieve a low
rate of stroke (Fig. 32.3). It has been demonstrated that the
outcome of CEA is directly related to the frequency with
which this operation is performed. Accordingly, it has been
advised that CEA be performed by surgeons who perform 12
to 15 or more CEAs per year.33–35 Also noteworthy is the
technique of eversion endarterectomy (Fig. 32.4) which has
been popularized in recent years. Because this technique
avoids the need for a suture line in the distal internal carotid
artery where the luminal diameter is small, it has been sug-
gested that eversion endarterectomy reduces the incidence of
occlusion and restenosis compared to the more conventional
endarterectomy techniques.

Type of Anesthesia

Carotid endarterectomy may be performed under either gen-
eral or regional anesthesia. The choice of anesthetic technique
has been subject of intense debate. The risk of stroke/death
or MI are 0–6.5% and 0.6–6.7% respectively in patients re-

ceiving general anesthesia, and 0–5.4% and 0–3.6% in pa-
tients receiving local anesthesia. Although both alternatives
have been studied and compared on numerous occasions, no
consistent benefit has been found with either approach.

Cerebral Protection

There is no consensus regarding the appropriate technique for
cerebral protection during CEA. Options include routine
shunting of all patients versus selective shunting, based upon
measures of cerebral ischemia such as stump pressures, elec-
troencephalography (EEG), or awake monitoring. Despite
multiple prejudices, no method of cerebral protection has
been proven to be superior. Maintainence of adequate cere-
bral flow, however, is an essential part of CEA because strokes
related to hypoperfusion are usually major and devastating.

Patch Angioplasty

Although CEA has become a well-established and commonly
performed procedure, there remains controversy as to the ap-
propriate method of closing the arteriotomy (Table 32.1). Pri-
mary closure is the most expeditious. Alternatively, patch an-
gioplasty with autogenous or prosthetic material serves to
increase the luminal diameter of the endarterectomized ves-
sel. Proponents of carotid patch angioplasty argue that this
technique reduces the incidence of perioperative thrombosis
and carotid occlusion. However, advantages of primary clo-
sure include its simplicity, technical ease, and a reduction in
operative time. Moreover, primary closure does not involve
complications inherent to patch angioplasty, such as vein
patch “blowout,” pseudoaneurysm formation, and prosthetic
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FIGURE 32.2. Contrast arteriogram (A) and (B) MRA (magnetic resonance angiography) of the carotid bifurcation. MRA can provide a precise
anatomical depiction of carotid bifurcation disease.
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FIGURE 32.3. Technique of standard carotid endarterectomy. After
adequate exposure is achieved, the internal, external, and common
carotid arteries are clamped (A). A plane of dissection is created be-
tween the arterial wall and the atheromatous process (B). After the
plaque is transected proximally, it can be reflected upward to aid in

the distal portion of the endarterectomy (C). After completion of the
endarterectomy, any remaining loose pieces of atheroma or strands
of media are removed (D). The arteriotomy is closed primarily (E) or
with a patch graft (F).

graft infection. Interestingly, a number of authors report no
advantage in terms of either perioperative stroke or late
restenosis rates in patients treated with patch angioplasty ver-
sus primary closure.36–40

Ultimately, both approaches, patch angioplasty and pri-
mary closure, have been associated with excellent short- and
long-term outcomes following CEA. Surgeon experience and
preference is the primary determinant of which technique is
used.

Verification of Technical Result

Many surgeons have recommended intraoperative imaging of
the reconstructed carotid artery with the presumption that
immediate recognition of technical defects will decrease the
incidence of postoperative stroke and late restenosis.41–45

There are no randomized studies available that address this
question, nor is there a consensus. Currently, most surgeons
evaluate the adequacy of CEA using a Doppler probe and pal-
pation of the distal internal carotid artery pulse.

Postoperative Care

Current practice standards dictate that patients following
CEA can be discharged to the ward after a brief stay in the
recovery room if they are neurologically intact and hemody-
namically stable. Only a small percentage of patients actu-
ally require intensive care unit monitoring.46 Moreover, most
patients can be discharged safely to home on the first post-
operative day. These approaches, which have been success-
fully employed in many centers, substantially reduce the hos-
pital cost of CEA and are well accepted by patients.47–49
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FIGURE 32.4. Technique of eversion carotid endarterectomy. Inter-
nal carotid artery is transected obliquely at the carotid bifurcation
(A). Medial and adventitial layers of the internal carotid artery are

everted over the atheromatous core (B). Completion of endarterec-
tomy with the distal endpoint directly visualized (C). Internal carotid
artery is reanastomosed to the common carotid artery (D).



TABLE 32.1.

Influence of Method of Arteriotomy Closure on Perioperative Complications and Restenosis in Patients Undergoing CEA.

Primary closure Vein patch closure Prosthetic patch closure

Stroke/death Restenosis F/U Stroke/death Restenosis F/U Stroke/death Restenosis F/U
Author Year CEAs (%) (%) (months) CEAs (%) (%) (months) CEAs (%) (%) (months)

Nene et al.36 1999 75 0 1.3 18 67 1.5 0 18
AbuRahma et al.87 1998 135 5.9* 34* 30 130 1.5* 9* 30 134 0.7* 2* 30
Desiron et al.88 1997 837 13* 69 1320 4.8* 35
Allen et al.89 1997 287 1.7 1.0 29.3 110 4.5 2.7 27.6
Katz SG et al.90 1996 100 1.0 0 19 107 2.8 0.9 19
Goldman et al.91 1995 184 2.2 4.2 16.1 91 1.1 7.9 9.3
Katz D et al.37 1994 51 3.9 3.9 29.2 49 2.0 0 29.2
Myers et al.38 1994 64 1.6 7.8 57 61 0 14.8 59
Gonzales-Fajardo et al.92 1994 45 0 0 29 50 4 4 29
Treiman et al.39 1993 1173 2.7 240 4.6 266 2.3
Ranaboldo et al.93 1993 104 2.9 16.3* 12 109b 2.8 5.5* 12
DeLetter et al.94 1993 62 6.5 27.4* 60 67 4.5 11.9* 60
Whereatt et al.95 1990 75 4.0 5.3 29.3 16 12.5 6.3 29.3
Rosenthal et al.40 1990 250 1.6 4.1 37.8 250 0 0.9 37.8 500 1.8 4.8 37.8
Lord et al.96 1989 50 2 19.1* �1 43 0 0* �1 47 0 0* �1
Katz MM et al.97 1987 47 4.3 19.1* 6–24 42 0 2.4* 6–24
Ouriel and Green98 1987 82c 3.7 28.6* 17.2 70§ 0 5.7* 16
Hertzer et al.99 1987 483 3.3* 14* 21 434 0.9* 4.8* 21
Fode et al.100 1986 2714 6.6* 266 2.3* 257 7

CEA, carotid endarterectomy; F/U, mean follow-up time.
aOnly stroke rates given, death rates not specified.
bPatched group includes 52 vein and 56 prosthetic patches; rates not stratified although authors state that there was no significant difference between vein and prosthetic subgroups with respect to neurological com-
plications or restensosi rates.
cNumber of patients undergoing CEA (number of procedures performed not indicated).

*p value � 0.05 (primary versus patch closure).
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Postoperative Complications

The most devastating consequence of CEA is stroke. Causes
of intra- or postoperative stroke include (1) embolization that
occurs during dissection of the carotid artery, (2) inadequate
cerebral protection during carotid cross-clamping, (3) postop-
erative thrombosis, and (4) intracerebral hemorrhage (reper-
fusion syndrome). Before leaving the operating room, the pa-
tient is fully awakened and assessed for neurological deficits.
The finding of a major neurological deficit warrants immedi-
ate reexploration with intraoperative imaging of the carotid
reconstruction. A neurological deficit that occurs within the
first 24 h should likewise lead to either an urgent duplex ul-
trasound or surgical reexploration. A hemorrhagic stroke may
develop 3 to 7 days postoperatively as a consequence of a
hyperperfusion syndrome. The initial symptom may be a se-
vere unilateral throbbing headache. There is usually associ-
ated hypertension. Seizures may then occur, followed by a
permanent neurological deficit that is usually associated with
intracranial hemorrhage. Early recognition is essential and
should be rapidly followed by precise blood pressure control,
avoidance of anticoagulation, and anticonvulsants as neces-
sary. If cerebral hemorrhage occurs, placement of an intra-
ventricular pressure monitor or craniotomy with evacuation
of the hematoma may be lifesaving, although the outcome
once hemorrhage has developed is usually poor.50–52

Other than stroke, myocardial infarction is the most com-
mon major complication following CEA. Postoperative fluc-
tuations in blood pressure, either hyper or hypotension, de-
velop in 20% to 60% of patients.53,54 Severe hypertension
should be controlled with sodium nitroprusside and hypoten-
sion with fluid administration or phenylephrine. These fluc-
tuations may be related to carotid sinus manipulation. Cranial
nerve injury can complicate CEA, particularly if the carotid bi-
furcation is high and more cephalad exposure is required.55–57

Most injuries result from traction rather than inadvertent di-
vision of the nerve and resolve completely within a few weeks.
A wound hematoma is unusual, but if large may compromise
either the arterial repair or a patient’s airway. An early post-
operative hematoma deserves close monitoring and urgent sur-
gical evacuation if there is suspicion of airway compromise.

Postoperative Surveillance

CEA is a durable procedure; however, restenosis and occa-
sionally recurrent symptoms may develop. Restenosis is the
result of either myointimal hyperplasia, which tends to de-
velop within the first 2 years following CEA, or recurrent ath-
erosclerosis, which is most predominant after 2 years. Symp-
toms are relatively rare in patients who develop intimal
hyperplasia because these lesions are smooth, nonulcerated,
and do not act as a nidus for cholesterol or platelets. Beyond
2 years, symptoms are more frequent and are related to em-
bolization from atherosclerotic plaque. Recurrent stenosis
and symptoms are more frequent in women, in patients with
atherosclerotic risk factors such as cigarette smoking and hy-
percholesterolemia, or if residual disease remains following
the initial endarterectomy.58–60 Postoperative surveillance pro-
tocols using duplex ultrasound are frequently employed in pa-
tients following CEA. 

Although controversial, many authors have reported an
increased rate of complication following CEA in patients with

recurrent disease. Thus, “redo” CEA is usually reserved for
symptomatic patients or those without symptoms who have
preocclusive lesions. Patch angioplasty rather than endarter-
ectomy is indicated in patients in whom intimal hyperplasia
is the pathological lesion because a precise endarterectomy
plane cannot usually be identified. For recurrent atheroscle-
rotic lesions, CEA is the procedure of choice.

Vertebrobasilar Ischemia

Posterior ischemic symptoms may result from atherosclerotic
disease involving the vertebral or proximal subclavian arter-
ies. Symptoms of vertebrobasilar ischemia usually result from
hypoperfusion and only rarely from embolization. A systemic
process that decreases blood pressure, such as orthostatic hy-
potension, overaggressive treatment with antihypertensives,
anemia, or arrhythmias, can precipitate symptoms. Symp-
toms may also be prompted by rotation of the neck if os-
teophytes arising from the cervical vertebrae compress the
vertebral artery as it passes through the vertebral canal. 
Hypoperfusion-related vertebrobasilar ischemia seldom re-
sults in cerebral infarction, but can produce functional dis-
ability. Because the vertebral arteries unite to form the basi-
lar artery, occlusive disease involving both vertebral arteries
is required for symptoms of hypoperfusion to develop. The
exception to this rule is in patients with subclavian steal.

There is little role for surgery in the treatment of asymp-
tomatic vertebrobasilar insufficiency. It can be assumed that
these patients are receiving adequate collateral flow from ei-
ther the anterior circulation and/or the contralateral verte-
bral artery. In patients who have concomitant carotid and ver-
tebral lesions, correction of the anterior circulation lesion
should be the initial treatment and is usually effective in al-
leviating symptoms.

Carotid Artery Occlusion

The extracranial internal carotid artery has no branches. Thus,
if a lesion at the origin of the internal carotid artery leads to
occlusion, clot propagates distally to the next collateral, which
is either the opthalmic or the middle cerebral arteries. Unless
urgently addressed, this clot cannot be removed. Thus, CEA is
not an option in patients with chronic internal carotid artery
occlusion. The rate of stroke associated with carotid occlusion
is as high as 5% per year.61,62 Although treatment of sympto-
matic patients with carotid artery occlusion is usually with
coumadin or antiplatelet agents, there are several surgical op-
tions that should be considered. If there is severe disease of the
contralateral carotid artery, contralateral CEA should be per-
formed. Extracranial–intracranial bypass was developed for the
treatment of symptomatic patients with internal carotid oc-
clusion and involves the anastomosis, through a craniotomy,
of the superficial temporal artery branch of the external carotid
artery to the ipsilateral middle cerebral artery. After a prospec-
tive randomized trial in 1985 demonstrated that extracranial–
intracranial bypass was ineffective in preventing long-term
stroke, enthusiasm for this procedure markedly diminished.63

There has recently been a renewed interest in this technique
in a subset of patients in whom hypoperfusion (rather than em-
bolization) is the primary problem. 
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Extracranial Carotid Artery Aneurysms

Extracranial carotid artery aneurysms are uncommon lesions,
accounting for less than 2% of all carotid interventions. Ath-
erosclerosis, trauma, previous carotid surgery, dissection, and
fibromuscular dysplasia are the usual etiologies. Patients may
present with an asymptomatic pulsatile neck or pharyngeal
mass or with symptoms, including neck pain, hoarseness, or
dysphagia (the latter two related to compression of the vagus
or glossopharyngeal nerves). TIAs or strokes are also common
presenting symptoms and most often result from the distal
embolization of atheromatous debris from the aneurysmal
sac.64,65 Rupture of carotid artery aneurysms is rare.

All aneurysms of the carotid artery should be repaired re-
gardless of symptoms.66 Resection of the aneurysm and restora-
tion of arterial continuity is the procedure of choice.67

Nonatherosclerotic Cerebrovascular Disease

Carotid Body Tumors

The carotid body is a highly vascular chemoreceptor located
in the adventitial layer of the carotid bifurcation. Carotid body
tumors (or carotid paragangliomas) present as painless, pul-
satile but not expansile, usually asymptomatic neck masses
that are found just below the angle of the mandible. They lie
between the internal and external carotid arteries, just cepha-
lad to the carotid bifurcation, and may extend to the base of
the skull. Symptoms occasionally develop (related to pressure
on the adjacent cranial nerves or local structures) and include
neck or ear pain, dysphagia, hoarseness, tinnitus, or dizziness.
Although duplex ultrasound can be used to identify carotid
body tumors, MRI/MRA, CT, and/or arteriography are usu-
ally necessary for diagnosis and preoperative planning. Typi-
cal arteriographic features include splaying of the internal and
external carotid arteries by a vascular mass. The blood sup-
ply to the tumor is derived predominantly from the external
carotid artery. Needle or open biopsy of these masses should
be avoided. The recommended treatment for a carotid body
tumor is surgical excision.68–70

Fibromuscular Dysplasia of the 
Extracranial Carotid Artery

Fibromuscular arterial dysplasia is an uncommon disorder that
primarily affects the renal and carotid arteries of young women.
Morphologically, lesions present as alternating stenoses and re-
gions of dilatation involving the internal carotid artery distal
to the bifurcation. Angiographically, this appears as a “string
of beads,” a finding that is pathognomonic for fibromuscular
dysplasia. Associated intracranial aneurysms are found in
10% of patients.71 Fibromuscular dysplasia has also been as-
sociated with spontaneous carotid dissection. The pathogen-
esis of fibromuscular dysplasia is unknown. Although natural
history data are lacking, patients with asymptomatic lesions
should probably be treated with antiplatelet agents and care-
fully observed. Intervention should be reserved for patients
with symptoms.72,73 Open surgery with graduated intralumi-
nal dilatation is the most widely used procedure for treating
fibromuscular dysplasia. Other treatment options include per-

cutaneous carotid angioplasty (although experience with this
technique is limited) and resection with primary anastomo-
sis or an interposition bypass.

Carotid Coils and Kinks

Coils (circular or exaggerated S-shape configurations) and
kinks (sharp angulations) of the carotid artery may be con-
genital or acquired. The most common symptomatic lesion
is the carotid kink. Atherosclerotic plaques are frequently
found at the site of kinks and may be responsible for embolic
symptoms. Turning of the head or twisting of the neck may
accentuate a kink and also produce symptoms related to hy-
poperfusion. Operation should be considered only in patients
with symptoms.74–77 Options for treatment include patch an-
gioplasty, resection of the redundant segment of the carotid
artery with primary end-to-end anastomosis, resection of a
segment of the common carotid artery with reduction of the
kink and primary reanastomosis, or detachment of the inter-
nal carotid artery at its origin with translocation to a more
proximal location on the common carotid artery.

Carotid Dissection

Carotid dissection is increasingly recognized as a major cause
of cerebral infarction in young adults. An intimal tear or a
ruptured vasa vasorum allows blood to penetrate and dissect
into the arterial wall. This process may result in narrowing
or occlusion of the arterial lumen. Carotid artery dissection
may be either spontaneous or traumatic. The most commonly
reported symptom is an abrupt neurological deficit preceded
by a sudden, severe, ipsilateral headache or neck–face pain.78

Patients may also develop an incomplete Horner’s syndrome
(ptosis and miosis without facial sweating) or a lower cranial
nerve palsy, secondary to nerve compression by an intramural
hematoma.79

Prompt recognition and timely treatment is of the utmost
importance.80,81 Systemic anticoagulation is the initial treat-
ment for carotid dissection and is administered to patients
who do not have radiographic evidence of intracranial bleed-
ing or massive infarction. In the majority of patients, there is
gradual restoration of the arterial lumen over time.82 Anti-
coagulation is thought to reduce the risk of embolization and
to prevent extension of thrombus and is usually continued
for 3 to 6 months or until the carotid artery recanalizes.83

Surgical treatment, such as carotid resection with graft inter-
position or carotid ligation with or without extracranial–
intracranial bypass, is indicated only in patients who develop
progressive or recurrent neurological symptoms despite ade-
quate anticoagulation.

Arteriopathies Affecting the Carotid Vessels

TAKAYASU’S ARTERITIS

Takayasu’s disease is an arteriopathy of unknown etiology
that affects the major branches of the aorta and the pulmonary
artery. Patients are typically young to middle-aged females,
often of Asian descent. The early phase of Takayasu’s disease
is characterized by nonspecific symptoms such as headache,
malaise, myalgia, and fever. As the disease progresses, seg-
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mental stenoses or occlusions occur in the arteries branching
from the aortic arch.

It is generally agreed that corticosteroids should be ad-
ministered as the initial therapy for symptomatic disease.
One-third of symptomatic patients require surgery for isch-
emic complications. Bypass is considered the procedure of
choice.

TEMPORAL ARTERITIS

Temporal arteritis, also known as giant cell arteritis, is a dis-
ease of unknown etiology affecting predominantly older
women. Symptoms associated with temporal arteritis result
from the gradual occlusion of the branches of the carotid and
vertebral arteries. The most serious complication of temporal
arteritis is loss of vision. The erythrocyte sedimentation rate
is almost always elevated and provides an accurate measure of
disease activity. Once the diagnosis of temporal arteritis is
made, usually by temporal artery biopsy, steroids should be
immediately administered. Unlike Takayasu’s disease, steroids
are highly effective in treating the complications of temporal
arteritis and surgical intervention is almost never required.

RADIATION-INDUCED ARTERITIS

Patients who have received irradiation for treatment of ma-
lignancies are at risk for the later development of radiation-
induced carotid artery occlusive disease.84 Lesions related to
a radiation injury are morphologically indistinguishable from
those of atherosclerosis and are frequently associated with
cerebrovascular symptoms. Extensive changes occur in the en-
tire arterial wall, particularly if the radiation injury is more
than 5 years old. As such, it may be difficult to establish a
plane in the vessel wall, thereby precluding endarterectomy.
Still, although technically demanding, CEA has been success-
fully used to treat irradiated stenotic carotid arteries.85,86

Carotid Angioplasty and Stenting

With the emergence of endovascular technology to treat pe-
ripheral vascular occlusive disease, there has been consider-
able interest in the technique of angioplasty and stenting as
a treatment of carotid artery stenosis. A multicenter prospec-
tive, randomized trial, the Carotid Revascularization En-
darterectomy versus Stent Trial (CREST), has been instituted
to evaluate the safety and efficacy of carotid angioplasty and
stenting compared to carotid endarterectomy. This study will
provide the most valid and accurate data regarding the relative
morbidity and mortality of these two interventions.
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Diseases of the Thoracic 
Aorta and Great Vessels

Thoralf M. Sundt and Robert W. Thompson

Aneurysmal Disease

Aortic Dissection

Acute aortic dissection is the most common catastrophe 
of the thoracic aorta.1–3 Population-based studies indicate 
that aortic dissection exceeds rupture of abdominal aortic
aneurysms as a cause of death by as much as twofold.3 The
acute onset and potentially rapid progression of the disease
to fatal rupture or visceral malperfusion dominates the clin-
ical picture, mandating rapid diagnosis and aggressive insti-
tution of medical or surgical therapy. Accordingly, the con-
dition is considered first.

ETIOLOGY

Little is known with certainty about the etiological factors
responsible for aortic dissection despite its common occur-
rence. The term Erdheim’s cystic medial necrosis has become
nearly synonymous with aortic dissection, but this is a bit of
a misnomer, as neither necrosis nor cystic lesions are typical
of dissection.4

Degenerative changes in collagen and elastin are commonly
observed in dissected aorta. Because such changes are typical
with aging, their causal relationship has been questioned.5,6

Genetic factors may play a role in acute dissection. Mar-
fan’s syndrome has been recognized as a risk factor for aortic
aneurysmal disease, with dissection occurring in approxi-
mately one-third of Marfan patients even in the absence of
significant aneurysmal dilatation.7 Individuals with Ehlers–
Danlos syndrome, Noonan’s syndrome, and Turner’s syn-
drome are also at higher risk for dissection.2 Familial predis-
position to dissection even in the absence of known colla-
gen–vascular conditions is also well documented.8 Bicuspid
aortic valve,9 aortic coarctation,10 and pregnancy2 are also as-
sociated with dissection.

Atherosclerotic vascular disease does not appear to predis-
pose to dissection, although chronic hypertension is strongly
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associated with the disease,11 particularly of the descending
thoracic and thoracoabdominal aorta.12 The causative mecha-
nism remains speculative; chronic hemodynamic stress is pre-
sumed to accelerate degenerative medial changes.13

PATHOPHYSIOLOGY

Pathologically, aortic dissection is defined by the presence of
blood within the layers of the tunica media. There is, how-
ever, uncertainty about the initiating event. An obvious in-
timal disruption is present in most instances,11 leading to the
hypothesis that an intimal tear occurs first, permitting entry
of blood into the media. An intimal tear is not identifiable in
approximately 5% of cases,11 however, suggesting that rup-
ture of the vasa vasora into a diseased media is the primary
event, with progression to free rupture into the lumen in the
majority of patients. When no entry site is apparent, the con-
dition has been termed an intramural hematoma. Clinically,
such lesions behave like acute dissections.14,15

In the acute phase, dissection is thought to rapidly
progress distally from the site of intimal disruption, ending
either in a blind pouch or with a reentry tear into the true
lumen. The pathology may be limited to the ascending or de-
scending aorta only, or may involve both, with—of neces-
sity—dissection of the arch as well. The natural history of
acute dissection is dismal without treatment, as shown in
Figure 33.1. Early studies demonstrated mortality of one-third
of patients within 24 h and 80% within 1 week when the as-
cending aorta was involved.16 Those with distal dissection
have a more favorable natural history, with three-quarters sur-
viving more than 1 month from the acute event.16 Rupture
of the aorta into the pleural or pericardial space is responsi-
ble for three-quarters of mortalities,17 with free rupture oc-
curring most often adjacent to the intimal tear.18 Myocardial
infarction may occur secondary to involvement of the right
coronary sinus with compression of the right coronary artery.
Distal progression may create a malperfusion syndrome in as
many as 30% of patients by compression of the true lumen



by the false lumen.19 The mortality rate for patients with
stroke or visceral infarction secondary to malperfusion is par-
ticularly high, whether treated surgically or medically.20

Two schemes for the classification of aortic dissections
are in common use (Fig. 33.2). The more descriptive and hence
complex scheme is that proposed by DeBakey in 1965.21 The
type I is most common, and is considered most often to orig-
inate with a tear in the ascending aorta with progression
through the arch into the descending thoracoabdominal aorta.
DeBakey type II dissection is limited to the ascending aorta
and is the least common, whereas type III is limited to the
descending thoracic or thoracoabdominal aorta. An alterna-
tive classification scheme has been proposed by the group at
Stanford University on the basis of the natural history of the
disease and the treatment strategies that have evolved.17

Those dissections involving the ascending aorta, whether De-
Bakey type I or II, are designated type A, while those limited
to the descending aorta are type B. The unusual dissections

involving the arch and descending aorta, but not the ascend-
ing aorta, are designated type A.22

CLINICAL PRESENTATION

Intense pain, often described as tearing or ripping, is almost uni-
versally present when acute dissection occurs, although occa-
sional patients have chronic dissection without history of such
an episode. The pain may be migratory, typically anterior when
the ascending aorta is involved and moving to the back as the
dissection progresses distally. On examination, patients may be
hypertensive or hypotensive.11 Extremity blood pressures may
be quite disparate, and peripheral pulses may be absent as the
false lumen compresses the true. Pulses may reappear as distal
reentry restores flow via the false lumen. Malperfusion may
also result in stroke, intestinal ischemia, or rarely paraplegia.
Auscultation of the heart may reveal aortic regurgitation which,
if known to be acute in onset, is a highly reliable sign.

DIAGNOSTIC EVALUATION

Diagnostic evaluation should include electrocardiography,
which may show left-ventricular hypertrophy or acute infe-
rior myocardial ischemia. Simple chest radiography may
demonstrate widening of the mediastinum, blurring of the
aortic nob, or a left pleural effusion, or may be entirely nor-
mal. The definitive diagnosis of acute aortic dissection relies
on advanced imaging techniques.

Aortography was the traditional mode of diagnosis and re-
mains the “gold standard” in the opinion of many. It offers
the advantage of demonstrating the origins of important
branches and their perfusion by the true or false lumen, and
remains particularly useful in the preoperative evaluation of
chronic dissection.

Transesophageal echocardiography (TEE) is fast becoming
the technique of choice in many centers as it is noninvasive,
highly sensitive, and provides important information regard-
ing ventricular function and aortic valve function.

Acute dissection is frequently diagnosed by computerized
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FIGURE 33.1.  The natural history of acute aortic dissection involv-
ing the ascending aorta (type A) or limited to the descending aorta
(type B). (Adapted from Kirklin JW, Barratt-Boyes BG. Cardiac Surgery,
2nd Ed. New York: Churchill Livingstone, 1993.)

FIGURE 33.2.  The DeBakey and Stanford classifica-
tions of aortic dissection according to extent of in-
volvement.



tomographic (CT) scanning (Fig. 33.3), likely because of its
widespread availability. It is less operator dependent than
other modalities, but is still subject to misinterpretation from
streak artifact. Images can be obtained rapidly and, with the
advent of spiral CT scanning, with remarkable accuracy.

Magnetic resonance imaging (MRI) can provide enhanced
definition over CT scanning in some instances, and may be
better able to distinguish between blood and other fluid in
and around the dissection aorta. Sagittal reconstructions of
the aorta can easily be obtained as well, and the technique
can provide information regarding aortic valve function. Its
use is greatest in ruling out dissection among patients with
complex aortic anatomy who are hemodynamically stable.

Choice amongst these modalities may be difficult. Many
studies have been published in recent years comparing an-
giography, TEE, CT, and MRI,23 but the optimal diagnostic
strategy in any particular institution will depend upon the lo-
cally available technology and expertise.

MEDICAL AND SURGICAL MANAGEMENT

Pharmacological intervention to reduce both the mean blood
pressure and the rate of rise of the pulse wave (dp/dt) should
be instituted as soon as the diagnosis of acute dissection is
suspected. Initially, beta-blockade should be instituted to de-
crease both blood pressure and myocardial contractility. Ad-
ditional blood pressure control may require nitroprusside.
Once the diagnosis has been established, immediate surgical
intervention is indicated if the ascending aorta is involved.24,25

In contrast, continuation of medical therapy is the stan-
dard of care in most institutions for DeBakey type III/Stan-
ford type B dissection unless there is uncontrolled recurrent
pain suggestive of ongoing dissection, evidence of a malper-
fusion syndrome, uncontrollable hypertension, or rupture.
Unfortunately, no prospective randomized trials have been
performed examining this treatment strategy.

Chronic dissection, by definition, is one continuing more
than 14 days from the index event. More often, however,
chronic dissection is discovered incidentally many months or
years after the event, when calcification of the wall may make
the diagnosis obvious even on plain chest radiography. Expe-
ditious operative repair is indicated when the ascending aorta
is involved because the risk of rupture is significant and the
operative risk is, in most instances, low.4 Chronic type B dis-
section should be monitored by periodic (annual or semian-
nual) imaging studies with surgery indicated on the basis of
the onset of symptoms or size criteria identical to those for
chronic degenerative aneurysms of the descending thoracic
and thoracoabdominal aorta (see following).

Degenerative Aneurysmal Disease

ETIOLOGY

Histologically, disruption of the elastic lamellae with thinning
of the media and loss of smooth muscle cells is typically pre-
sent in aneurysms of degenerative origin. Degradation of
elastin is likely central to the development of degenerative
aneurysms, although its biochemical basis remains incom-
pletely defined.

As is the case for aortic dissection, the association be-
tween hypertension and degenerative aneurysmal disease is
clear but the mechanism is not. Genetic factors likely play 
a significant role here as well. Apart from the recognized 
collagen vascular diseases such as Marfan syndrome and
Ehlers–Danlos syndrome, familial clustering has been recog-
nized.26 Furthermore, a family history of aneurysmal disease
is present in 10% to 15% of patients with abdominal aortic
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FIGURE 33.3.  Computerized tomography of acute dissection. A.
Thrombosis of the false lumen in the ascending aorta (thin arrow)
and compression of the true lumen in the descending aorta (thick ar-
row). B. Patency of true and false lumen with an intimal flap visible
in both the ascending and descending aorta (arrows). C. Complex dis-
section involving the arch.
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aneurysms.27,28 Abnormalities in type II procollagen have
been identified in some of these cases.29

PATHOPHYSIOLOGY

Degenerative aneurysms are heterogeneous in their location
and gross appearance. Aneurysms of the ascending aorta may
produce insufficiency of the aortic valve despite structurally
normal valve leaflets because of loss of central leaflet coapta-
tion. Alternatively, the ascending aorta and arch may be spared
with dilatation only of the descending thoracic aorta. Crawford
established a classification scheme, as shown in Figure 33.4.

The natural history of thoracic aortic aneurysmal disease
has been defined. Progressive dilatation to eventual rupture 
is common for thoracic aneurysms.30 Large aneurysms are 
particularly prone to rupture,31 although even those less than
5 cm in diameter may do so.2 Once symptoms occur, the mean
interval to rupture is 2 years.30 The majority of degenerative
aneurysms are fusiform, but saccular aneurysms do occur, and
are probably at higher risk of rupture.4 Those caused by chronic
dissection also appear to be at higher risk of rupture.4

CLINICAL PRESENTATION

Degenerative aneurysms are often asymptomatic, being dis-
covered incidentally during an imaging study performed for
another purpose. Rapid expansion, particularly of the thora-
coabdominal aorta, may produce pain that may be mistaken
for arthritic symptoms. Involvement of the aortic root with
resultant aortic regurgitation may result in heart failure. Dis-
tal embolization with the resulting “blue toe syndrome” may
also occur. Physical examination may reveal aortic regurgi-
tation, a palpable pulsatile abdominal mass, or abdominal
bruits. Most often, however, the diagnosis is made via ad-
vanced imaging modalities.

DIAGNOSTIC EVALUATION

Chest radiography often offers the first clue to the presence
of a thoracic aortic aneurysm. A widened mediastinum or ap-
parent mass may lead to other studies that make the diag-
nosis. Calcification of the wall of aneurysm will occasionally
make the diagnosis clear on the basis of the plain film alone.

Aortography is less often the initial diagnostic test today
than it was previously, although it continues to provide use-

ful information, particularly in the preoperative evaluation of
thoracoabdominal aneurysmal disease. Transesophageal echo
may be virtually diagnostic when aneurysmal dilatation of
the ascending aorta is questioned, but is less useful in the as-
sessment of descending thoracic aneurysms and those in-
volving the aortic arch. Computerized tomography (with con-
trast) offers accuracy and accessibility, and can rule out other
intrathoracic pathology. Images so obtained define the exter-
nal size, the longitudinal extent, the presence of intralumi-
nal thrombus, ulceration, or atheroma. As is the case for acute
dissection, MRI can provide excellent detail in any plane, but
is limited by its time-consuming nature. Its utility is great-
est in evaluating complex anatomy in detail.

MEDICAL AND SURGICAL MANAGEMENT

Medical therapy is of limited utility in the management of most
aneurysms of degenerative etiology. While aggressive antihy-
pertensive therapy is clearly protective in patients with chronic
dissection,4 it is less so for degenerative aneurysms. Instead,
the emphasis of nonoperative treatment is on the close moni-
toring of aneurysm size. Surgical intervention on aneurysms
exceeding 5 cm in maximum diameter has been advocated.

Posttraumatic Thoracic Aortic Aneurysms

Acute aortic transection is the most common traumatic
process resulting in aneurysmal dilatation or, more properly,
pseudoaneurysm formation of the thoracic aorta.

ETIOLOGY

Blunt trauma characterized by a rapid deceleration injury is
the most common cause of aortic transection. Although the
ascending aorta may be involved, the most common location
is the aortic isthmus just distal to the left subclavian artery
at the ligamentum arteriosum. The exact mechanism remains
unclear.

PATHOPHYSIOLOGY

Approximately 15% of traffic fatalities are associated with
aortic transection, and 85% of individuals suffering this in-
jury die at the scene.32 The fortunate minority of individuals
surviving this insult will have partial or complete disruption

4 3 8 CHAPTER 33

FIGURE 33.4.  The Crawford classification of
thoracoabdominal aortic aneurysms.



of the intima and media with preservation of vascular conti-
nuity by virtue of the aortic adventitia alone.

CLINICAL PRESENTATION

The principles of the evaluation and management of the
trauma patient are discussed elsewhere. Acute transection is
often clinically remarkably silent if the rupture has been con-
tained by the aortic adventitia. Hence its diagnosis depends
heavily on a high index of suspicion in an appropriate clini-
cal setting. Chronic pseudoaneurysms are most often simi-
larly subtle, although occasional airway or esophageal com-
pression may be noted. Despite the proximity of the recurrent
laryngeal nerve, hoarseness is uncommon.

DIAGNOSTIC EVALUATION

The optimal diagnostic strategy for acute transection is con-
troversial and is primarily within the purview of the trauma
management team. Although transesophageal echo is gaining
popularity, aortography remains the “gold standard,” provid-
ing valuable information about the status of the other great
vessels.

Chronic pseudoaneurysms are most often identified by
computerized tomography (CT) of the chest during the eval-
uation of a mass of uncertain etiology identified on plain chest
radiography. Magnetic resonance imaging (MRI) provides sim-
ilar information and offers the capability of reconstruction in
multiple planes such that the arch and descending aorta may
be visualized in continuity. Aortography continues to be used
by some, particularly when surgical intervention is planned
and coronary arteriography is desired.

MEDICAL AND SURGICAL MANAGEMENT

As with aortic dissection, antiimpulse therapy with beta-
blockade and aggressive blood pressure control should be in-
stituted as soon as the diagnosis is entertained. Once the di-
agnosis is made, immediate aortic repair has traditionally
taken priority over other injuries.

The indications for repair of chronic pseudoaneurysms are
also undergoing reevaluation. Early studies33–35 suggested
that such aneurysms should be repaired once identified. How-
ever, with recent radiologic advances, a number of authors
have argued in favor of serial imaging studies, reserving
surgery for those with symptoms or evidence of enlarge-
ment.36,37 The advent of intraluminal stents may lay many
of these issues aside as both acute and chronic transections
may be readily correctable with this technology.38

Surgical Approach

The surgical approach to aneurysmal disease is dictated pri-
marily by the anatomical extent of involvement rather than
the etiological basis of the condition. Indeed, not infrequently
the etiology remains uncertain until the aorta has been
opened at surgery.

ANEURYSMS OF THE ASCENDING AORTA

PREOPERATIVE EVALUATION

Once aneurysmal disease of the ascending aorta requiring sur-
gical intervention has been identified, the extent of aortic in-
volvement proximally and distally and the presence of coex-

isting cardiac valve disease or coronary artery disease requir-
ing concomitant correction must be determined. The extent of
aortic pathology impacts on the technical approach as well as
the preoperative assessment of risk. Often the initial diagnos-
tic studies reveal involvement of the aortic arch that will dic-
tate the use of profound hypothermic cardiopulmonary bypass
and circulatory arrest. Proximal involvement of the aortic root
may mandate root replacement with a valved conduit.

SURGICAL TECHNIQUE

Aneurysms of the ascending aorta are most conveniently ap-
proached via median sternotomy. Arterial cannulation for car-
diopulmonary bypass is via the femoral artery in the setting
of acute dissection. In degenerative disease, cannulation of
the aortic arch or even the aneurysm itself will spare the pa-
tient the morbidity of a groin wound. If the disease is limited
to the ascending aorta with sufficient room to cross-clamp
the aorta below the inominant artery, the operation can be
performed with only mild hypothermia (28°–32°C) or even
normothermic cardiopulmonary bypass. If the aneurysm ex-
tends to the innominate artery, an episode of circulatory ar-
rest under profound hypothermia (13°–18°C) may be required
to perform the distal anastomosis. Liberal use of circulatory
arrest in cases of acute dissection is also gaining popularity.
Anastomotic options are shown in Figure 33.5.

ANEURYSMS OF THE AORTIC ARCH

PREOPERATIVE EVALUATION.
The use of profound hypothermia and circulatory arrest in
acute dissection permits open distal anastomosis and provides
an opportunity for direct inspection of the aortic arch for in-
timal disruption intraoperatively. This approach lessens the
importance of excessive preoperative imaging studies in this
potentially unstable subset of patients. Patients with chronic
dissection or degenerative disease that appears to involve the
arch should, however, generally undergo aortography or mag-
netic resonance imaging to precisely define the anatomy of
the brachiocephalic vessels.

SURGICAL TECHNIQUE

Repair of aneurysms of the aortic arch continues to represent
a major surgical challenge. Neurological function must be pre-
served by continued cerebral perfusion, or protected by a com-
bination of hypothermia and pharmacological agents, while
arch reconstruction is underway. The former may be accom-
plished by selective antegrade perfusion of the brachio-
cephalic vessels, while the latter is most often accomplished
via the induction of profound hypothermia on bypass before
initiating circulatory arrest. Arch replacement may be ac-
complished via a variety of techniques depending on the ex-
tent of disease proximally and distally (see Fig. 33.5).

ANEURYSMS OF THE THORACIC AND

THORACOABDOMINAL AORTA

PREOPERATIVE EVALUATION

Every attempt should be made to manage acute distal dis-
section pharmacologically. Should pain persist or malperfu-
sion ensue, operative intervention may be indicated urgently.
Preoperative evaluation should be directed toward clear def-
inition of the proximal extent of the dissection as involve-
ment of the arch will make proximal control with clamps 
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FIGURE 33.5.  Repair of aneurysms of the ascending aorta
and arch. A. Tube graft ascending aortic replacement.
B. Separate tube graft and aortic valve replacement when
the sinuses are normal. C. Composite graft repair with
reimplantation of the coronary arteries when the sinuses
are diseased. D. Hemiarch replacement. E. Total arch re-
placement. F. Elephant trunk arch replacement.

difficult and may direct the surgeon to employ profound hy-
pothermia and circulatory arrest. If time permits, aortography
to demonstrate the origins of visceral vessels from the true
or false lumen and any malperfusion is helpful when the dis-
section extends below the diaphragm.

The presence of ischemic heart disease before elective pro-
cedures may be sought noninvasively by thallium-201 scintig-
raphy39–41 or by using echocardiography with dobutamine 
infusion.42 Preoperative echocardiography may reveal signif-
icant left-ventricular hypertrophy or aortic regurgitation, ei-
ther of which would discourage the use of circulatory arrest
as subendocardial myocardial perfusion may be impaired once
ventricular fibrillation ensues.

Pulmonary function tests may be helpful in the estima-
tion of operative risk as history of smoking and chronic ob-
structive pulmonary disease are independent predictors of
prolonged ventilatory support following thoracoabdominal
aortic aneurysm repair.

SURGICAL TECHNIQUE

Surgical procedures on thoracic and thoracoabdominal
aneurysms continue to carry significant risk of death and
complications. In addition to risks of renal and respiratory
failure, paraplegia may occur because of the tenuous blood
supply to the anterior spinal cord. Enormous efforts have been
directed toward the development of techniques to reduce the
incidence of this devastating complication. Although a vari-
ety of surgical approaches to such aneurysms have been cham-
pioned, none have proven clearly superior.

Congenital Abnormalities

Coarctation of the Aorta

The most common congenital anomaly of the aorta is coarc-
tation, occurring in 40 to 50 of 100,000 live births.4 The ma-

jority of such lesions are identified and treated in infancy and
childhood. As such their diagnosis and treatment fall within
the purview of the pediatric cardiac surgeon. Occasionally,
however, coarctation or even aortic interruption remains un-
detected until adulthood during evaluation of hypertension,
when delayed or diminished femoral pulsation is found, or a
routine chest X-ray demonstrates rib notching or an abnor-
mal cardiomediastinal silhouette.

The natural history of coarctation is well established.10

Left untreated, 80% of adults will die of complications of
proximal hypertension, most often in the second, third, or
fourth decades of life. Correction is indicated when the con-
dition is diagnosed. Even with late repair, postoperative nor-
motension or only mild hypertension can be anticipated in
the majority of patients.43 Long-term postoperative follow-up
is indicated.

Aberrant Subclavian Artery

As in coarctation, the majority of clinically significant con-
genital abnormalities related to aortic arch development, such
as double aortic arch with vascular ring, become apparent in
infancy and childhood. Occasionally, however, adults may
present with dysphagia secondary to an aberrant right sub-
clavian artery from a left-sided arch, or an aberrant left sub-
clavian artery from a right-sided arch. The origin of the aber-
rant vessel is usually dilated and is known as a Kommerell’s
diverticulum. This anomaly results in compression of sur-
rounding structures, most often the esophagus behind which
the aberrant vessel most often passes.

Diagnostic evaluation may begin with CT or MRI scan-
ning. These studies often provide all the required informa-
tion, although aortography may also be helpful. Surgical cor-
rection can be accomplished simply by carotid–subclavian
bypass and oversewing of the origin of the aberrant vessel,
most often via a left thoracotomy.
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Occlusive Disease of the Aortic Arch Branches

Atherosclerosis

ETIOLOGY AND PATHOPHYSIOLOGY

The aortic arch and its branches are a common location for
the development of atherosclerosis. Like atherosclerosis in
other areas of the arterial tree, the pathology ranges from mild,
nonocclusive intimal thickening to complex atheromata.
Complex atheromatous plaques may evolve to a size large
enough to encroach upon the lumen, thereby restricting flow,
or they may be complicated by intraplaque hemorrhage, ul-
ceration and discharge of atheromatous debris, and surface
thrombosis. Well-established clinical risk factors for athero-
sclerosis include family history, aging, cigarette smoking, hy-
pertension, hyperlipidemia, and diabetes.

CLINICAL PRESENTATION AND DIAGNOSIS

Symptoms caused by atherosclerotic lesions of the innomi-
nate artery may be either acute or chronic. Acute symptoms
include either stroke or transient ischemic attacks, caused by
atheroembolization. With gradual occlusion, innominate le-
sions may lead to chronic or intermittent ischemia of the arm,
particularly during active use or when the arm is used in an
overhead position, with symptoms analogous to intermittent
calf claudication caused by lower-extremity occlusive disease.

Occlusive lesions of the proximal subclavian artery are re-
sponsible for the “subclavian steal” syndrome. In this situa-
tion, low flow to the upper extremity is compensated by col-
lateral flow through the intracranial circulation via the
ipsilateral vertebral artery. When exacerbated by arm exercise,
retrograde flow in the vertebral artery may transiently lower
perfusion pressure in the posterior vertebrobasilar circuit, lead-
ing to sudden episodes known as “drop attacks.” These epi-
sodes are characterized by a near loss of consciousness and
collapse, without antecedent cortical symptoms; typically,
consciousness is quickly regained without sequelae.

MANAGEMENT

The medical management of atherosclerosis is discussed in
more detail elsewhere. In general, this consists of lifestyle
modifications and medical control of risk factors such as di-
abetes and hypertension. Treatment for symptomatic ather-

osclerotic lesions may include regular administration of as-
pirin or other platelet antagonists; in some circumstances, an-
ticoagulation is also used. These approaches are of limited
value, however, in preventing the cerebrovascular or limb-
threatening complications of complex atheromatous plaques
in this location. Thus, surgical or endoluminal interventions
remain the mainstay of treatment for atherosclerotic lesions
affecting the aortic arch branches.

INNOMINATE ARTERY RECONSTRUCTION

Symptomatic lesions of the innominate artery may be treated
by either innominate thromboendarterectomy (TEA) or bypass
grafting. The surgical approach for either of these options re-
quires direct exposure through a median sternotomy. Although
no prospective clinical studies are available, a number of clin-
ical series have demonstrated that excellent results can be
achieved by direct innominate artery reconstruction with ei-
ther thromboendarterectomy or prosthetic bypass grafting.44–49

In addition, four particularly large studies have been published
in the past decade that offer detailed analysis of perioperative
and long-term results for a total of nearly 400 patients (Table
33.1).50–53 The 10-year patency rates for innominate recon-
struction were 88% to 97%, with similar figures reported for
long-term relief of symptoms. These results demonstrate that
direct innominate artery reconstruction is safe and durable
when either endarterectomy or prosthetic bypass is used. 

SUBCLAVIAN ARTERY TRANSPOSITION AND

CAROTID–SUBCLAVIAN ARTERY BYPASS

The most widely utilized approach to subclavian reconstruc-
tion is direct transposition of the subclavian artery to the side
of the common carotid artery. This repair can be accomplished
with relative ease on either side using a supraclavicular inci-
sion. Carotid–subclavian bypass is also commonly utilized for
symptomatic lesions of the proximal subclavian artery. This
procedure is performed through a supraclavicular exposure
similar to that for subclavian artery transposition.

Clinical experience demonstrates excellent long-term re-
sults for extraanatomical subclavian artery reconstruction.54–60

Patency rates of 99%–100% for transposition and 52%–95%
for bypass have been reported at 4–10 year follow-up.

AXILLO–AXILLARY ARTERY BYPASS

Axillo–axillary artery crossover bypass offers another alter-
native for extraanatomical revascularization of the aortic arch
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TABLE 33.1.

Results of Innominate Artery Reconstruction (Level III Evidence).

Patients Mortality Neuro Cx
Source (n) TEA/BPG/Ex (%) (%) Patency (f/u)

Reul et al. 199150 54 11/27/16 0 1.8 92.6% (10)
Kieffer et al. 199551 148 32/116 5.4 5.4 96.3% (10)
Berguer et al. 199852 100 8/92 8 8 88% (10)
Azakie et al. 199853 94 72/22 3 6 97% (10)

Totals 396 123/257 2.8 5.8 93.8

TEA, thromboendarterectomy; BPG, innominate artery bypass graft; Ex, extrathoracic reconstruction; f/u, follow-up.



branch vessels. Operative mortality and complication rates
for axillo–axillary artery bypass are generally less than 2%,
in contrast to other approaches that may involve thoraco-
tomy, sternotomy, or carotid dissection and clamping. The
long-term patency rate is approximately 90%.

ENDOVASCULAR REPAIR

Recent advances in endovascular technology have provided an
alternative means of therapy for the treatment of occlusive le-
sions in the innominate, subclavian, and axillary arteries. In-
novations in imaging, guidewire, catheter, stent, and balloon
technology allow one to obtain percutaneous access and per-
form therapeutic procedures in a relatively safe manner. De-
spite the appeal of these less-invasive techniques, the morbid-
ity, mortality, and durability of novel treatments remain
largely unknown.61 Nonetheless, it can be expected that in the
next decade endovascular approaches will assume an increas-
ingly prominent role in the management of these lesions.

Large Vessel Arteritides

A number of inflammatory disorders have a prediliction for af-
fecting the thoracic aorta and its branches. The most impor-
tant of these conditions are giant cell (temporal) arteritis and
Takayasu’s arteritis, each of which is much less common than
atherosclerosis (Table 33.2). Although the etiology of large ves-
sel arteritides is largely unknown and specific diagnosis may
be difficult, clinical recognition of these conditions is impor-
tant because they usually require alternative approaches to
treatment than those used for occlusive atherosclerosis.62,63

ETIOLOGY AND PATHOPHYSIOLOGY

The etiology of large vessel vasculitides is unknown, but 
each of these disorders appears to be characterized by cell-
mediated immune or inflammatory responses localized to the
arterial wall. In turn, soluble factors released by inflamma-
tory cells are thought to play a significant role in thrombo-
sis, vessel occlusion, and ischemic complications.64

GIANT CELL (TEMPORAL) ARTERITIS

CLINICAL PRESENTATION AND DIAGNOSIS

Giant cell arteritis is a disorder of small and medium-sized blood
vessels that commonly presents in elderly Caucasian women.65

It may occur in association with polymyalgia rheumatica or as
isolated temporal arteritis, but both types are thought to rep-
resent variants of the same disease. The annual incidence of gi-
ant cell arteritis is 7 per 100,000, but this rises to approximately
15 per 100,000 in populations over 50 years of age.66,67 It is rare

before the age of 50 and typically occurs between 65 and 75
years of age; there is a 2:1 predominance of women over men.

Giant cell arteritis appears to have a unique prediliction
for the temporal and ophthalmic arteries, and it only rarely
involves the aortic arch or carotid arteries. Symptoms typi-
cally occur with rapid onset (within 1 month). The classical
symptoms of temporal arteritis are headache, scalp and tem-
poral tenderness, visual symptoms, and jaw claudication.68

Ocular symptoms may include blurred vision, diplopia, vi-
sual hallucinations, or amaurosis fugax. These symptoms are
particularly important because failure to promptly initiate
treatment may lead to permanent loss of vision.69

The erythrocyte sedimentation rate (ESR) is almost al-
ways markedly elevated in patients with giant cell arteritis,
as a reflection of a systemic acute-phase response.70,71 Ele-
vated levels of C-reactive protein and interleukin-6 have also
been reported.71,72 Some patients with giant cell arteritis have
anticardiolipin antibodies, an alteration associated with vas-
cular complications.73,74

The diagnosis of giant cell arteritis is usually suggested
by a characteristic clinical history and supplemented by phys-
ical findings, but it can only be confirmed by a positive tis-
sue biopsy. Problems are encountered when the history is
atypical or the biopsy is negative; thus, the American Col-
lege of Rheumatology has outlined a series of five diagnostic
criteria when the diagnosis of giant cell arteritis is in ques-
tion (Table 33.3).

MEDICAL MANAGEMENT

Large vessel vasculitides often respond favorably to treatment
with glucocorticosteroids. Prompt steroid treatment is partic-
ularly important in temporal arteritis, because the response is
often rapid and dramatic, and because early intervention may
prevent the progression to loss of vision.

SURGICAL MANAGEMENT

There is no direct role for surgical treatment in giant cell (tem-
poral) arteritis other than that of obtaining appropriate biopsy
material.

TAKAYASU’S ARTERITIS (PULSELESS DISEASE)

CLINICAL PRESENTATION AND DIAGNOSIS

Takayasu’s arteritis exhibits a more varied and nonspecific
pattern of clinical presentation than temporal arteritis.75,76

Although it remains a rare disorder, it is most commonly seen
in young women from South America, India, or Asia.77–79 The
inflammatory and occlusive aspects of the disease can affect
the thoracic or abdominal aorta, the brachiocephalic vessels,
or other aortic branches and their tributaries. Symptoms and
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TABLE 33.2. Features Distinguishing Temporal Arteritis and Takayasu’s Disease.

Giant cell (temporal) arteritis Takayasu’s arteritis

Prevalence Common Rare
Age/gender Elderly women Young women
Descent Caucasian South American, Asian, Indian
Vessels Small and medium Large
Defin Dx Histology Arteriography
Steroids Curative Palliative (active phase)
Surgery Diagnosis Definitive (quiescent phase)



clinical findings of Takayasu’s arteritis are most often related
to cerebrovascular disease, branciocephalic occlusions, or
renovascular hypertension; although ophthalmological man-
ifestations may also occur, they are usually seen only late in
the course of the disease. There is a distinct female predom-
inance at a ratio of 5:1, and the onset is usually at 15 to 40
years of age. The condition is characterized by a biphasic ill-
ness, with an initial inflammatory phase and a late stage when
vascular stenosis and occlusion predominate. Systemic fea-
tures often predominate in the inflammatory phase, consist-
ing of fever, malaise, and other nonspecific symptoms. Symp-
toms localize in the late phase according to the specific
pattern of vessel involvement; symptoms may therefore in-
clude headache, limb fatiguability, dizziness, palpitations,
dyspnea, or visual disturbances.

In contrast to giant cell (temporal) arteritis, arterial wall
biopsies play little role in the diagnosis or management of
Takayasu’s arteritis. There have been a number of attempts
to establish diagnostic criteria for this disease (Table 33.4),
with the most widely used criteria known as the Ishikawa
classification.80 This system was found to have a diagnostic
sensitivity of 92.5%.

It is notable that arteriography plays a major role in the
diagnosis of Takayasu’s arteritis. In addition to the clinical
criteria just discussed, angiography provides specific infor-
mation on the location and extent of occlusive or aneurys-
mal lesions, and it is especially helpful in planning treatment.
In some instances, arteriographic interventions may also be
utilized as the primary form of treatment.

MEDICAL MANAGEMENT

In Takayasu’s arteritis, steroid therapy is usually considered
only palliative for active phases of disease. For patients re-
fractory to steroids, additional treatment options include cy-
clophosphamide or methotrexate. For patients with renovas-
cular hypertension, treatment with angiotensin-converting
enzyme (ACE) inhibitors may be deleterious.

SURGICAL MANAGEMENT

Interventional techniques may be used in patients with symp-
toms related to specific occlusive lesions caused by
Takayasu’s arteritis, but they have a high rate of recurrence
and are usually considered only a secondary or temporizing
method of treatment for this disease. Surgical reconstruction
is therefore the preferred method for managing symptomatic
occlusive or aneurysmal lesions in patients who have had re-
mission into an inactive phase of the disease.82–88

Surgical reconstruction for Takayasu’s arteritis consists
of various forms of bypass procedures, as thromboendarterec-
tomy is precluded by the obliterative or aneurysmal nature
of the disease process. Surgical reconstruction is reserved for
patients in an inactive phase of the disease to limit the risk
of graft occlusion by disease progression. The most common
locations of disease requiring surgical reconstruction are cere-
brovascular lesions, brachiocephalic lesions, and those caus-
ing renovascular hypertension.

Disorders of the Thoracic Outlet

The thoracic outlet encompasses a unique region dominated
by the first rib, the anterior and middle scalene muscles, and
their associated structures (Fig. 33.6). The subclavian artery,
the subclavian vein, and the five nerve roots of the brachial
plexus are all potentially subject to extrinsic compression
within this relatively confined space; thus, thoracic outlet
syndrome (TOS) represents a complex array of clinical con-
ditions characterized by one or more of the following: occlu-
sive or aneurysmal lesions of the subclavian artery (arterial
TOS), “effort thrombosis” of the subclavian vein (venous
TOS), or symptoms related to compression and irritation of
the brachial plexus nerve roots (neurogenic TOS).89,90

Diagnosis

Although vascular lesions associated with thoracic outlet
compression typically give rise to easily recognized syn-
dromes, the diagnosis of neurogenic TOS often remains dif-
ficult, confusing, and elusive. Uncertainties in diagnosis and
disappointing results of treatment have led some to question
the existence of neurogenic TOS, adding to the many con-
troversies surrounding this condition.91

Neurogenic TOS

Patients with TOS frequently describe previous trauma to 
the head, neck, or upper extremity, followed by a variable in-
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TABLE 33.3. Diagnostic Criteria for Giant Cell (Temporal) Arteritis.

1. Age at onset �50 years
2. New onset of localized headache
3. Temporal artery abnormality (tenderness or reduced pulsation)

unrelated to arteriosclerosis
4. Erythrocyte sedimentation rate (ESR) �50 mm in first hour
5. Abnormal arterial biopsy

At least three of five features are required for diagnosis.

Source: American College of Rheumatology.110

TABLE 33.4. Diagnostic Criteria for Takayasu’s Arteritis.

Ishikawa Criteria150: Age �40 years plus 2 major or 1 major/2 minor or 4 minor criteria
Major criteria: (1) left midsubclavian artery lesion; (2) right midsubclavian artery lesion
Minor criteria: (1) elevated ESR; (2) carotid artery tenderness; (3) hypertension; (4) aortic regurgita-

tion or annuloaortic ectasia; (5) pulmonary artery lesion; (6) left midcommon carotid artery lesion;
(7) distal brachiocephalic lesion; (8) descending thoracic aorta lesion; (9) abdominal aortic lesion

American College of Rheumatology151: at least 3 of 6 features are required for Dx
1. Age at onset �40 years
2. Extremity claudication
3. Reduced brachial artery pressure
4. �10 mmHg difference in systolic BP between arms
5. Subclavian or aortic bruit
6. Abnormal arteriogram



FIGURE 33.6.  The surgical anatomy of the thoracic outlet. A. The
brachial plexus arises from nerves roots C5, C6, C7, C8, and T1. The
phrenic nerve arises from the upper cervical roots, including a con-
tribution from C5. B. The thoracic outlet is conceptualized as a tri-
angle bordered by the anterior scalene muscle, the middle scalene
muscle, and the first rib. The subclavian artery and nerve roots of
the brachial plexus course through this triangle, whereas the sub-
clavian vein crosses the first rib just in front of the anterior scalene
muscle. Each of these structures is potentially subject to extrinsic
compression at several different levels by the musculoskeletal com-
ponents of the scalene triangle. C. The anatomy of the thoracic out-
let as viewed with the arm elevated. The long thoracic and thora-
codorsal nerves pass vertically along the lateral chest wall, where
they may be readily identified during transaxillary exposures. The
second intercostal brachial cutaneous nerve courses in a transverse
orientation through the midportion of the axilla (not shown). (From
Thompson and Petrinec,90 with permission.)

terval before the onset of progressively disabling upper-
extremity symptoms.89,90 The interval between traumatic in-
jury and the onset of symptoms may range from days to
weeks, or even several years. It is thought that scalene mus-
cle spasm and persistent inflammation can lead to delayed
healing, with fibrosis and nerve root irritation that eventu-
ally result in compressive neurological symptoms.

Symptoms of TOS include hand or arm pain, dysesthe-
sias, numbness, and weakness. The symptoms may be bilat-
eral, but they most commonly have their greatest effect on
the dominant upper extremity. The distribution of symptoms
does not follow typical patterns referable to a single periph-
eral nerve. Headache is a common complaint associated with
TOS, most likely caused by secondary spasm within the
trapezius and paraspinous muscles. Symptoms of TOS are typ-
ically reproduced or exacerbated by activity requiring eleva-
tion or sustained use of the arms or hands, such as reaching
for objects overhead, lifting, prolonged typing or work at com-

puter consoles, driving, speaking on the telephone, shaving,
and combing or brushing the hair. Positional complaints may
also be brought on by lying supine, resulting in pain and dif-
ficulty sleeping.

Physical examination is directed toward eliciting the de-
gree of neurogenic disability and particular factors that exac-
erbate hand and arm complaints. A thorough peripheral nerve
examination is performed to exclude ulnar nerve entrapment,
carpal tunnel syndrome, and other etiologies. The neck is ex-
amined to identify the extent of local muscle spasm and to
localize areas where focal digital compression reproduces the
individual patient’s symptom pattern. The presence of “trig-
ger points” over the scalene triangle serves to reinforce the
diagnosis of TOS. The Adson maneuver is used to identify
any degree of subclavian artery compression, by detecting 
ablation of the radial pulse when the patient elevates the arm,
inspires deeply, and turns the neck away from the affected
extremity. Although this maneuver does not specifically re-
veal nerve root compression, positive findings are often as-
sociated with neurogenic TOS. Perhaps the most useful com-
ponent of physical examination is the elevated arm stress test
(“EAST”), in which the patient is asked to repetitively open
and close the hands with the arms elevated in a “surrender”
position. Most patients with neurogenic TOS report the rapid
reproduction of upper-extremity symptoms with EAST, often
being unable to complete the exercise beyond 30 to 60 s.

There are no specific diagnostic tests or imaging studies
that can replace the clinical diagnosis of neurogenic TOS.
Plain radiographs of the neck are helpful in determining if an
osseous cervical rib is present, although this is relatively un-
common. The results of computed tomography, magnetic res-
onance imaging, electromyography/nerve conduction studies,
and other examinations are usually negative, even in patients
with pronounced disability. Nonetheless, these tests are of-
ten important to exclude other conditions, such as degener-
ative cervical spine disease, neoplasms or other masses, and
intracranial pathology.

ARTERIAL TOS

Extrinsic compression of the subclavian artery may occur be-
tween the anterior scalene muscle and the first rib, leading
to pathological changes in the arterial wall. This leads to com-
plications related to the development of mural thrombus and
acute thromboembolism to the upper extremity.

Patients with arterial TOS may present with acute 
ischemia of the hand or digits, with pain, paresthesias, and
weakness of the affected upper extremity. The brachial and
axillary artery pulses may be absent with extensive throm-
boembolism; however, palpable pulses suggest a proximal
source of atheroembolism. One should also seek additional
evidence of arterial compromise to the upper extremity, such
as sympathetic overactivity with vasospasm, digital or hand
ischemia, cutaneous ulceration or emboli, forearm claudica-
tion, or the pulsatile supraclavicular mass or bruit character-
istic of a subclavian artery aneurysm. Because the anatomi-
cal abnormalities underlying TOS are often bilateral, it may
also be informative to examine the contralateral extremity.

Patients with features suggesting arterial TOS may be
evaluated by positional noninvasive vascular laboratory stud-
ies (segmental arterial pressures, waveform analysis, and du-
plex imaging), but it is often difficult to visualize the sub-

4 4 4 CHAPTER 33



clavian artery behind the clavicle. The definitive examina-
tion necessary to completely exclude or prove the existence
of a fixed arterial lesion is provided by contrast arteriography.

VENOUS TOS

Venous TOS is caused by compression of the subclavian vein
immediately anterior to the scalene muscle. This condition
typically occurs in young, otherwise healthy patients, who are
often involved in vigorous occupational or recreational use of
the upper extremity. This habit is thought to cause repetitive
venous trauma between the first rib and clavicle, resulting in
the evolution of fibrosis and encasement of the vein by scar
tissue, as well as eventual venous thrombosis. Patients with
venous TOS most commonly present with the “effort throm-
bosis” syndrome, an acute event characterized by the sudden
development of hand and arm edema, upper-extremity cya-
nosis, enlarged subcutaneous collateral veins, and early fore-
arm fatigue in the absence of arterial compromise.

Patients in whom venous TOS is suspected should be
studied promptly by contrast venography, particularly in the
context of an effort thrombosis event.

Treatment

INITIAL MANAGEMENT

NEUROGENIC TOS
Conservative approaches serve as the initial treatment for
neurogenic TOS.92–94 These therapeutic efforts are focused on
relaxing the scalene muscles and strengthening the muscles
of posture through physical therapy, combined with hy-
drotherapy and massage. Pain medications, nonsteroidal an-
tiinflammatory agents, and muscle relaxants are often useful
adjuncts in treatment.

ARTERIAL TOS
The initial treatment of arterial TOS is focused on revascu-
larization for acute ischemia, if necessary. This step is typi-
cally performed via brachial artery thromboembolectomy,
with the hope of restoring sufficient inflow to the hand and
digits to permit salvage. The demonstration of a fixed arte-
rial lesion, either occlusive or aneurysmal in nature, is an in-
dication for surgical reconstruction. Given that these lesions
occur secondary to extrinsic compression rather than ather-
osclerosis or other forms of intrinsic arterial disease, there is
no significant role for endovascular approaches to their man-
agement.

VENOUS TOS
As discussed earlier, the initial treatment of effort thrombo-
sis generally involves contrast venography and catheter-
directed thrombolytic therapy; this frequently results in
restoration of venous drainage and resolution of the acute
symptoms. Patients are then maintained on intravenous hep-
arin and converted to oral anticoagulation with warfarin.
Most patients with venous TOS are candidates for surgical
decompression.

SURGICAL STRATEGIES

Transaxillary first rib resection has been the mainstay of sur-
gical treatment for TOS for many years.95–98 However, this

approach has several significant limitations when used as a
single strategy for all patients with TOS.90,99 Efforts to over-
come these limitations led to the introduction of combined
approaches in which transaxillary first rib resection was per-
formed concomitantly with supraclavicular exploration.100

This approach subsequently led many groups to adopt the
supraclavicular approach as the predominant treatment strat-
egy.101–103 Some have more recently adopted a highly selec-
tive approach in which supraclavicular scalenectomy is the
principal operative strategy and first rib resection is reserved
solely for vascular forms of TOS.104,105

First rib resection and subclavian artery reconstruction are
required for any degree of aneurysmal degeneration, particu-
larly if the patient has had preoperative symptoms of digital
thromboembolism, as well as for persistent occlusive lesions
of the arterial wall that are still evident after scalenectomy.
Although prosthetic materials such as ringed PTFE are most
commonly used, autologous conduits are sometimes prefer-
able.

Patients with disabling neurogenic or arterial TOS may
present with symptoms characteristic of sympathetic over-
activity resulting in painful vasospasm, delayed healing of dig-
ital skin lesions, and, at times, even reflex sympathetic dys-
trophy. In these situations, cervical sympathectomy is a
useful adjunct to thoracic outlet decompression, helping to
alleviate vasospastic complaints and to facilitate healing of
digital lesions caused by atheroemboli or ischemic injury.

Thoracic outlet decompression for venous TOS involves
several additional considerations to the standard supraclav-
icular exploration for neurogenic TOS.106,107 Although the
initial steps of the procedure are conducted as for neurogenic
TOS (anterior and middle scalenectomy and brachial plexus
neurolysis), resection of the first rib is always indicated for
venous TOS. Two additional aspects of the procedure are then
specifically directed toward the venous problem: circumfer-
ential venolysis and resection of the medial first rib. In situ-
ations where external venolysis and paraclavicular first rib re-
section has been insufficient to relieve venous obstruction,
additional venous reconstruction may be required. All pa-
tients undergoing operation for venous TOS are maintained
on anticoagulation for at least 4 to 6 weeks in the postoper-
ative period.

POSTOPERATIVE CARE

Postoperative care includes continued use of pain medica-
tions, muscle relaxants, and antiinflammatory agents. The
expected recovery from thoracic outlet decompression is ap-
proximately 2 days in the hospital and 4 to 6 weeks at home,
during which physical therapy remains an important com-
ponent of treatment. Patients with venous TOS undergo
predischarge contrast venography, both to assess the ade-
quacy of venous decompression on the operative side and,
if not previously determined, to assess the possibility that
symmetrical venous compression may exist on the con-
tralateral side. Any residual venous stenoses may be safely
treated at this time by transluminal balloon angioplasty, a
therapeutic option that is strongly contraindicated before
surgical decompression. In patients with bilateral TOS, it is
essential to ensure that any degree of phrenic nerve paresis
has completely resolved before a second operation on the
contralateral side.
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The overall results of surgical treatment for neurogenic
TOS remain difficult to define. In the hands of those per-
forming these procedures with frequency, good to excellent
results are reported in approximately 80% of patients, with
complication rates as low as 5%.89,108 In long-term follow-
up, there appears to be no demonstrable difference in out-
comes following the appropriate use of transaxillary or supra-
clavicular approaches, with recurrent symptoms occurring in
up to 20% to 50% of patients.89,109 Despite the persistence
or recurrence of mild neurogenic symptoms, many of these
patients experience a degree of improvement sufficient to per-
mit daily activities and a higher degree of function than they
had before surgical treatment.
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34

Diseases of the Abdominal
Aorta and Its Branches
Brad A. Winterstein and B. Timothy Baxter

Abdominal Aortic Aneurysms (AAA)

Definition, Incidence, and Significance

Normal aortic diameter decreases from the heart to the iliac
bifurcation and is affected by age, gender, and body surface
area. The diameter of the infrarenal aorta, the most aneurysm-
prone segment of the circulation, is normally less than 2 cm.
A number of definitions have been used to distinguish an
aneurysm from mild dilatation. One generally accepted defi-
nition is a 50% increase above the expected normal diame-
ter of the artery.1 Embolization, compression, fistula forma-
tion, and occlusion can occur, but rupture is the gravest and
most common complication of aortic aneurysm. Exsan-
guination following AAA rupture is reported to be the fif-
teenth most common cause of death in the United States.
The actual death rate likely exceeds the 15,000 deaths2 at-
tributed to AAA each year, because sudden death in the el-
derly is often attributed to myocardial infarction and autopsy
verification is rare.3 The prevalence of AAA in screening stud-
ies is approximately 5%.4,5 The overall incidence of AAA is
greater in men than in women, but the rate of death from
rupture is equivalent in the eighth decade, suggesting that if
women live long enough they “catch up” with their male
counterparts. Aneurysms can occur throughout the aorta, al-
though the most common location by far is the distal aorta
(95% of all aortic aneurysms), and their location is more pre-
cisely defined by the relationship to the renal arteries (in-
frarenal, juxtarenal, suprarenal). We focus here on the most
common presenting aneurysm of the aorta, the infrarenal
AAA.

Pathogenesis, Expansion, and Rupture Risk

The modern-day biochemical investigation of the pathogen-
esis of AAA began with reports demonstrating increased pro-
tease activity in aneurysm tissue.6,7 Since these reports, the
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application of more sophisticated molecular and biochemical
techniques has suggested a pivotal role for invading inflam-
matory cells that appear to regulate the activity of matrix-
degrading enzymes. Current focus is on understanding un-
derlying factors predisposing to AAA and the regulation of
matrix degradation with a long-term goal of identifying AAA-
prone individuals and using pharmacological approaches to
target and inhibit aneurysm development and growth.

The normal aorta consists of three layers: the tunica in-
tima, tunica media, and tunica adventitia. The major matrix
proteins within the aortic wall are elastin and fibrillar colla-
gen, providing the necessary compliance and strength, re-
spectively. All layers contain varying amounts of collagen and
elastin, but the media undergoes the most significant changes
during aneurysm formation8 (see Fig. 34.1).

Because AAA is a treatable disease that is asymptomatic
until rupture occurs, clinical management is predicated on
our understanding of its natural history. The natural history
of aortic aneurysms is to progressively increase in size. Sev-
eral studies in the past decade have helped to more precisely
define mean and median expansion rates.9–13 These reports
and previous studies have been consistent in demonstrating
that expansion rate increases with increasing aneurysm size,
with an average growth rate of 0.42 cm/year for a 3.0–3.9 cm
initial aneurysm size to 0.54 cm/year rate for a 4.0–5.9 cm
initial aneurysm size.

These studies have also demonstrated a consistent rela-
tionship between aneurysm size and rupture rate. The risk of
rupture of aneurysms that are less than 4 cm in greatest di-
ameter at the time of diagnosis is less than 3% over the en-
suing 5-year period.10,12 Aneurysms 4 to 5 cm in diameter at
the time of diagnosis have a 5-year rupture rate of 3% to
12%.14,15 Those aneurysms larger than 5 cm at detection have
a rupture rate of 25% at 5 years.12

Factors shown to increase the risk of expansion and rup-
ture are shown in Table 34.1.9,10,13,16 The observations re-
garding AAA growth, most recently from a randomized con-
trol study, have led to recommendations for regular 3- or



FIGURE 34.1.  Proteolytic enzymes involved in aortic adventitial di-
lation. (From Wilson,8 with permission.)

6-month evaluation of aneurysm size by ultrasound or CT
scan in patients with AAA that are less than 5.5 cm.17

Treatment

Many selected studies have shown that elective AAA repair
can be performed with mortality rates of less than 2%, citing
data from single-center reports.18–20 The mortality rate for AAA
as reported in multicenter trials rises to 4.2%.21 Age, myocar-
dial ischemia, and pulmonary and renal insufficiency are the
comorbidities associated with increased mortality rates.22–24

Operative survival after rupture of AAA has not improved
over the last decade and remains dismal. Overall mortality
after rupture may exceed 90%, although this rate is decreased
to 50% for the select group of patients who reach the hospi-
tal.25 Poor prognostic indicators following rupture are simi-
lar to those for elective repair.23

Advances in endoluminal techniques have followed from
the introduction of stents and the next logical step, covered
stent grafts. Endovascular interposition of grafts in AAA is
now possible. A recent multicenter trial has demonstrated
that the endovascular treatment of AAA is safe and effective
in a select group of patients in the short term.26 The mid- and
long-term prognosis for endografts remains unknown.

The treatment of AAA is complicated. Current recom-
mendations are for elective repair of AAA between 5 and 6
cm in diameter. This decision obviously requires the clinical
skill and judgment to factor in operative mortality versus
longevity without repair.

Visceral Artery Aneurysms

As with AAA, visceral artery aneurysms also cause death by
rupture. Most are asymptomatic and detected as incidental
findings on imaging studies. Surgical intervention is usually
the best approach, although the location and size may war-
rant observation in some cases. Repair typically involves in-
terposition grafting, although surgical and radiological exclu-
sion can be performed selectively.

Splenic Artery Aneurysms

Splenic artery aneurysms (SAA) are the most commonly rec-
ognized visceral artery aneurysm. The incidence of SAA in
autopsy reports has varied from 1.6% to 10.4% and SAA ac-
count for almost 60% of all visceral artery aneurysms.27 In
distinction to AAA, they are found more often in women (4:1
women:men). They are saccular in nature and usually appear
in the distal third of the artery.28

Splenic artery aneurysms occur more frequently in pa-
tients with medical fibrodysplasia, multiple pregnancies, por-
tal hypertension, splenomegaly, local inflammation from pan-
creatitis, and after trauma or orthotopic liver transplants.29,30

As is true with AAA, most patients are asymptomatic at
the time of diagnosis of a splenic artery aneurysm. When
symptoms do occur, patients report pain in the epigastrium,
left upper quadrant, and flank.31 Plain films may be diagnos-
tic in up to two-thirds of patients because of the extensive
calcification in the wall of the aneurysm.27 Other modes for
diagnosis include ultrasound, computed tomography, and vis-
ceral angiography. Unfortunately, most patients are unaware
of the problem and are diagnosed at the time of rupture. The
risk of rupture is reported to be between 3.0% and 10.0%.27,31

The indication for surgical intervention of SAA corre-
sponds to the natural progression of the aneurysm. Surgical
treatment obviously should be undertaken for symptomatic,
expanding, or ruptured aneurysms. Splenic artery aneurysms
discovered in women of childbearing age should be repaired re-
gardless of size because of risk of expansion and rupture peri-
partum. All healthy patients with splenic artery aneurysms
should be offered surgical treatment.27 Expectant manage-
ment is reasonable in elderly patients with small (�2 cm)
aneurysms and for those with larger aneurysms (2–3 cm) who
have contraindications to surgery.

The surgical treatment options for SAA includes aneurysm
resection or ligation. Splenic viability should be assessed intra-
operatively because splenectomy is not routinely required. Iso-
lated percutaneous splenic artery embolization is another ef-
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TABLE 34.1. Risk Factors Associated with Aneurysm Expansion
and Rupture.

Initial size of aneurysm
Hypertension
Cigarette smoking
Chronic obstructive pulmonary disease
Severe cardiac disease
Advanced age
Previous stroke
Family history of AAA



FIGURE 34.2.  Collateral blood supply to the intestine. The pancre-
aticoduodenal arteries are the major collateral pathway between the
celiac and superior mesenteric arteries (SMA). The meandering
mesenteric connects the SMA to the inferior mesenteric. The hem-
orrhoidal arteries are the major communicating pathways between
the inferior mesenteric and internal iliac (hypogastric) arteries.

fective treatment option although long-term follow-up is insuf-
ficient to ensure that recanalization and rupture cannot occur.

Hepatic Artery Aneurysms

Hepatic artery (HA) aneurysms, are the second most common
splanchnic artery aneurysm, accounting for one-fifth of all
splanchnic aneurysms.32 They can involve the intrahepatic
artery or be extrahepatic, which is four times as common.27,33

The aneurysms are usually saccular.35 The mean age at pres-
entation is 40 with a male predominance (2:1 men:women).32,34

In the past, HA aneurysms were usually associated with in-
fection. Today, mycotic aneurysms are rare and often are the
result of intravenous drug abuse.29 Most HA are associated with
localized atherosclerosis (32%); it is unclear if atherosclerosis
has a causal role. Other etiologies include medial degeneration
(24%), trauma that includes iatrogenic injuries (22%), poly-
arteritis nodosa, and periarterial inflammation.28,30,34

Clinical symptoms of HA aneurysms may be absent or
vague. The most common presenting feature is right upper
quadrant or epigastric pain, which may prompt evaluation for
cholecystitis. A pulsatile mass or bruit is uncommon on phys-
ical examination. Ultrasonography, computed tomography, or
selective angiography is diagnostic. Unfortunately, 44% to
80% of patients first present with rupture.27,28,35 Mortality
associated with rupture is high (80%),36 especially with free
rupture into the peritoneal cavity.

Treatment of HA aneurysms must be considered in all
low-risk patients and any patient with a symptomatic aneu-
rysm. Before performing surgical resection, selective celiac
and superior mesenteric artery (SMA) angiography must de-
tail the aneurysm location and hepatic blood supply. Excision
or ligation of the aneurysm, with or without revasculariza-
tion, are treatment options for extrahepatic aneurysms de-
pending on the location.

Intrahepatic aneurysms require special consideration as to
location, size, and overall liver function before treatment can
be instituted. Larger, peripherally oriented aneurysms can be
treated with liver resection. Percutaneous catheter emboliza-
tion of intrahepatic HA aneurysms has become the most pop-
ular mode of treatment over the last decade.29

Superior Mesenteric Artery Aneurysms

Superior mesenteric artery (SMA) aneurysms are the third
most common splanchnic artery aneurysm, accounting for ap-
proximately 5% of all splanchnic aneurysms.29 The etiology
of most SMA aneurysms is infection secondary to subacute
bacterial endocarditis. SMA aneurysms differ from other
splanchnic artery aneurysms in that most (90%) are sympto-
matic. Severe, progressive abdominal pain is the most com-
mon presenting symptom. Approximately half of patients
have a palpable pulsatile abdominal mass.

Treatment via ligation without revascularization can be
achieved because of the extensive collaterals (Fig. 34.2). The
decision to revascularize the SMA must be based on careful
examination of the small bowel to ensure adequate perfusion.

Celiac Artery Aneurysms

Celiac artery aneurysms account for approximately 4% of vis-
ceral artery aneurysms. Celiac artery aneurysms can be diag-

nosed by plain radiograph when calcified, or by ultrasound,
CT, or angiography. Unfortunately, the majority are diag-
nosed after rupture.29 The mortality associated with rupture
still remains close to 100%.37

Because of the high mortality associated with rupture, sur-
gical intervention should be offered to all low-risk patients
when diagnosed. Options for repair include aneurysmectomy
and bypass, reimplantation, and ligation.38,39

Renal Artery Aneurysms

Renal artery aneurysms (RAA) were once considered a rare
disease process. However, angiographic studies that included
the renal arteries have shown the incidence to be between
0.3% and 1.0%.40,41 The incidence may be as high as 2.5%
when studies are performed for presumed renovascular hy-
pertension.42 Renal artery aneurysms are described slightly
more often in women than in men. These aneurysms have
also been reported to occur more commonly on the right side
than the left.43 Most RAA are saccular. Multiple aneurysms
occur in approximately 20% of patients, and they are usually
bilateral.42

Renal artery aneurysms have been classified into four dis-
tinct categories including (1) fusiform dilatations associated
with medial fibrodysplastic disease, (2) aneurysmal dissec-
tions, (3) microaneurysms because of an inflammatory
process, and (4) macroaneurysms of undetermined etiology.42

The distinction between these groups of aneurysms is related
to differences in etiology, which result in varying natural his-
tories. Macroaneurysms and dissecting aneurysms are most
amenable to surgical treatment.

The reported risk of rupture from renal artery aneurysms
varies between 0% and 14.2%. Noncalcified aneurysms have
been shown to have a higher propensity toward rupture.44,45

Another important risk factor for renal artery aneurysm rup-
ture is pregnancy. There has been no correlation made be-
tween risk of rupture and the size of the aneurysm; this is dif-
ficult to interpret given that large aneurysms are currently
treated surgically due to the concern of rupture.

DISEASES OF THE ABDOMINAL AORTA AND ITS BRANCHES 4 5 1



Most renal artery aneurysms are asymptomatic at the
time of diagnosis. Symptomatic aneurysms may present with
flank or abdominal pain, hematuria, or even renal insuffi-
ciency from distal embolization of thrombus from within the
aneurysm. The diagnosis may be made by calcification seen
on abdominal flatplate, ultrasound, or computed tomography.
Angiography is the means by which the majority of small
RAA are diagnosed.

Treatment of renal artery aneurysms should be tailored
to the type of aneurysm. Small aneurysms, especially if cal-
cified, usually do not require surgical treatment unless they
become symptomatic; they should be followed on an annual
basis with either CT scan or ultrasound. Surgical therapy is
the best option in women of childbearing age regardless of
aneurysm size. Patients with noncalcified aneurysms greater
than 2.0 cm with hypertension, renal insufficiency, abdomi-
nal or flank pain, or hematuria or those with a solitary kid-
ney or bilateral aneurysms should be advised to undergo elec-
tive aneurysm repair.46

Aortoiliac Occlusive Disease

The infrarenal aorta and iliac vessels are prone to athero-
sclerotic lesions leading to ischemia of the lower extremities.
These lesions often extend into the infrainguinal vessels be-
cause of the generalized nature of atherosclerosis. Leriche47

described the triad of bilateral claudication, sexual impotence,
and absent common femoral pulses caused by infrarenal aor-
tic occlusion.

Pathophysiology

Atherosclerosis causes progressive narrowing of the distal
aorta and iliac vessels. Risk factors for aortoiliac occlusive
disease are the same as for generalized atherosclerosis, in-
cluding cigarette smoking, diabetes, hypertension, hyperlipi-
demia, and hyperhomocytenemia.48 The plaque is usually
more extensive on the posterior wall and is worst at the bi-
furcation of the aorta.

Although atherosclerosis is a diffuse process, its severity
is greater in the infrarenal aorta, and the severity decreases
at or above the renal arteries. This consideration is important
in the surgical treatment of aortoiliac disease because ade-
quate inflow can usually be obtained just below the renal ar-
teries, eliminating concerns about renal ischemia.

The natural history of aortoiliac atherosclerosis is chronic
progression to severe ischemia.49 The development of large
collateral pathways is critical in maintaining viability of the
lower extremities as the process advances. Important collat-
eral pathways include (1) the internal mammary artery to 
inferior epigastric artery, (2) the hypogastric and gluteal
branches to the common femoral and profunda branches, (3)
the superior mesenteric artery and inferior mesenteric artery
to the middle and inferior hemorrhoidal arteries, and (4) the
lumbar artery branches to the circumflex iliac and internal
iliac arteries.

Clinical Manifestations

The initial manifestation of moderate aortoiliac disease is
lower-extremity ischemia. The initial symptom is intermit-

tent claudication causing external pain in the muscle groups
of the thigh, hip, and buttock region. Symptoms can also oc-
cur in the calf but these are usually caused by more exten-
sive disease involving the superficial femoral artery. Men may
also experience erectile dysfunction.

Diagnosis

The diagnosis of aortoiliac disease is usually straightforward.
Complaints of thigh, hip, or buttock pain with exertion are
suggestive of the disease.

Inspection of the legs may be normal or reveal slight at-
rophy. A marked decrease or absence of palpable femoral
pulses is a good indication of significant disease. The pres-
ence of femoral or pedal pulses at rest does not exclude steno-
sis, which becomes significant with increased flow during ex-
ertion.50 Femoral bruits may also be present.

Noninvasive assessment of ischemic disease of the lower
extremities starts with measurements of ankle brachial in-
dices (ABIs), which measure the pressures at the ankles and
compare them to that of the brachial artery. A ratio of 1.0 to
1.2 is normal. Ratios less than 1.0 signify atherosclerotic dis-
ease of the arteries of the lower extremities.

Duplex ultrasonography may provide additional informa-
tion regarding disease location and severity. Duplex ultra-
sonography allows direct evaluation of aortoiliac disease by
identifying areas of disturbed flow, especially increased peak
systolic velocity.51,52 Duplex scanning has been shown to
have 95% sensitivity, 80% specificity, and 87% accuracy in
predicting significant aortoiliac disease when compared to an-
giography.53 Angiography should only be performed when
symptoms are significant enough to warrant intervention.
The goal of arteriography is not only to diagnose and deter-
mine the significance of lesions but also to plan therapy and,
in some cases, to proceed with angioplasty. 

Treatment

There are several options available to treat aortoiliac occlu-
sive disease. Absolute indications for treatment are ischemic
rest pain and tissue loss. Claudication is a relative indication.
The type of procedure performed is based on the extent of the
disease and overall patient condition.

AORTIC RECONSTRUCTION

The current gold standard for aortoiliac disease is aorto-
bifemoral bypass. The proximal anastamosis can be end to
end or end to side. The end-to-end anastamosis is clearly in-
dicated in patients with aneurysmal disease or complete aor-
tic occlusion and is preferable in most other cases because of
a slightly better long-term patency. The end-to-side anasta-
mosis is indicated when retrograde flow from the femoral ar-
teries would not provide adequate flow to the internal iliac
arteries.

EXTRAANATOMICAL BYPASS

The role for extraanatomical bypasses has been debated be-
cause patency rates are compromised in favor of less mor-
bidity with the operative procedure. The use of femoral–
femoral bypass in unilateral iliac disease is an accepted al-
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ternative. Axillounifemoral and axillobifemoral bypasses are
two other procedures that can be used for limb-threatening
ischemia associated with aortoiliac disease. The use of these
procedures should be limited to those individuals in whom a
transabdominal approach places them at an increased risk.
However, these bypasses are still inferior to aortobifemoral
bypass. The 5-year primary patency rate for axillobifemoral
bypass ranges from 50% to 70%, with secondary patency at
70% to 80%.

ENDOVASCULAR TREATMENT

The use of endovascular techniques such as percutaneous
transluminal balloon angioplasty with or without stent place-
ment has become an important component in the manage-
ment of aortoiliac disease. Several variables help to predict
the success of angioplasty. These variables include (1) per-
forming angioplasty in patients who have claudication symp-
toms rather than for limb salvage; (2) lesions that are limited
to the common iliac arteries; (3) stenotic rather than occlu-
sive lesions; and (4) patients with good distal runoff.54 Results
of iliac angioplasty are quite good with a 5-year patency rate
of approximately 70%.55

Mesenteric Ischemia

Mesenteric ischemia offers a difficult and challenging prob-
lem in both diagnosis and treatment. Mortality associated
with mesenteric ischemia remains high and in direct rela-
tionship to the extent of bowel infarction. Although time is
of the essence, delays in diagnosis are common and usually
result from failure to consider mesenteric ischemia in the dif-
ferential diagnosis of abdominal pain.

There is a wide spectrum of bowel ischemia, ranging from
focal areas of ischemia to global transmural necrosis with a
systemic inflammatory response resulting in bacterial trans-
location, endotoxemia, and sepsis.56 These processes do not
necessarily subside when perfusion is restored. Reperfusion
injures tissues both locally and systemically by producing
harmful free radicals after oxygen is reintroduced to ischemic
areas,57 which can lead to acute complications such as car-
diac arrest or more gradual pathological activation of the im-
mune response, resulting in multiorgan failure. Mesenteric
ischemia has historically been divided into two broad cate-
gories: acute and chronic mesenteric ischemia.

Acute Mesenteric Ischemia

Acute mesenteric ischemia is caused by four distinct prob-
lems that compromise blood flow, including (1) acute embolic
occlusion, (2) acute thrombotic occlusion, (3) nonocclusive
mesenteric ischemia, and (4) mesenteric vein thrombosis.
Early in the clinical course of an acute ischemic event, ab-
dominal pain is typically severe and out of proportion to the
findings on physical examination. This pain is associated with
diffuse intestinal spasm that is manifest as vomiting, diar-
rhea, or both. On physical exam, the abdomen is soft and
bowel sounds are hyperactive. As ischemia progresses bowel
dilatation occurs, bowel activity decreases, and inflammation
moves to the parietal peritoneum, resulting in peritoneal
signs. At this point the ischemia is fairly advanced.

Diagnosis of Acute Forms of Mesenteric Ischemia

Because of the rarity of mesenteric ischemia, it may not be
considered in the differential diagnosis of patients presenting
with abdominal pain. Specific laboratory tests are not avail-
able, partly because of the ability of the liver to clear many
of the products of ischemia released by the gut. Leukocyto-
sis is usually present but is, obviously, nonspecific.

During the past decade, technological improvements in
duplex ultrasonography have made it more reliable in im-
aging the mesenteric circulation and identifying flow dis-
turbances. When visualization is adequate, this is a useful 
screening test, especially in acute thrombotic ischemia and
mesenteric venous thrombosis.

Computed tomography also provides important clues to
acute mesenteric ischemia and is diagnostic for mesenteric
venous thrombosis. Atherosclerosis of the aorta and mesen-
teric ostia, lack of contrast in the proximal celiac or SMA,
and bowel wall thickening may all suggest the diagnosis.

Aortography is the gold standard for acute embolic, acute
thrombotic, and nonocclusive mesenteric ischemia. Initial
films should include lateral aortogram to view the ostia of
the celiac and SMA. Catheters can be positioned to selectively
infuse therapeutic levels of vasodilators into the SMA in pa-
tients with nonocclusive mesenteric ischemia.

Treatment of Acute Mesenteric Ischemia

Once the diagnosis is made, treatment consists of correcting
any underlying medical conditions that may be contributing
such as myocardial dysfunction or hypovolemia. Provided
that the patient is not in heart failure, fluid resuscitation
should be started and heparin anticoagulation began to pre-
vent propagation of thrombus.

There are nonsurgical options for treatment of mesenteric
ischemia if the patient does not have signs of bowel infarc-
tion. Catheter-directed thrombolytic therapy has been used
successfully in the treatment of early acute embolic occlu-
sion.58 Angioplasty can also be performed at the time of di-
agnostic angiography to dilate ostial lesions of the celiac and
superior mesenteric arteries.59,60 Local infusion of vasodila-
tors into the SMA using selective catheterization is also im-
portant. Even when perfusion can be restored, the duration
of ischemia may result in infarcted bowel, requiring resec-
tion.

Treatment of mesenteric venous thrombosis is nonsurgi-
cal and relies on anticoagulation as a means of reversing the
hypercoaguability.

There are several clear indications for surgical interven-
tion for acute mesenteric ischemia: (1) mesenteric emboliza-
tion requiring embolectomy, (2) peritonitis, (3) other clinical
signs suggestive of bowel infarction, and (4) thrombotic oc-
clusion requiring revascularization. The goals of surgery are
to restore blood flow when possible and resect any bowel that
is obviously necrotic. To this end, “second-look” operations
may be advisable.

Chronic Mesenteric Ischemia

Chronic mesenteric ischemia is a rare disease, although the
incidence may be rising with the increase in the aged popu-
lation. The typical patient is elderly and vasculopathic, usu-
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ally having had multiple procedures for coronary, cerebral,
and peripheral vascular disease. The disease history includes
weight loss, postprandial pain, and food fear.61,62

The etiology of chronic mesenteric ischemia is progres-
sive atherosclerotic occlusion of the ostia of the mesenteric
arteries near the aorta. The slowly progressive nature of this
disease allows collateral circulation to compensate during the
initial stages.

Duplex ultrasound, the preferred screening test when the
diagnosis is suspected, can usually demonstrate occlusion or
stenosis of the ostia with collateral flow patterns. When du-
plex studies are positive or equivocal, angiography should be
performed in anticipation of identifying occlusion or preoc-
clusive stenosis of all mesenteric vessels.

There are two treatment options for chronic mesenteric
ischemia, with the decision based on the surgeon’s estimated
surgical risk for that patient. If the patient has extensive co-
morbidities and is not a surgical candidate, mesenteric an-
gioplasty can be performed with the expectation of a good
rate of initial technical success and relief of symptoms in the
majority of patients.59 The downside of angioplasty is its lack
of durability. Surgical revascularization is the treatment of
choice.

Renal Artery Occlusive Disease

Renal artery occlusive disease is the most common form of
surgically correctable hypertension. Renovascular hyperten-
sion has been increasingly diagnosed as a result of the in-
creasing population at risk and improved diagnostic tech-
niques.63 The prevalence of renovascular hypertension in the
general population is estimated to be 0.13%.64

Pathology

There are two important causes of stenosis of the renal ar-
teries. The most common cause is atherosclerosis, followed
by fibrodysplasia of the arterial wall. Other uncommon causes
are congenital aortic malformations, arterial dissections, and
renal artery emboli.

Pathophysiology

Hypertension can be caused by the narrowing of the renal ar-
teries. The decrease in renal perfusion activates the renin-
angiotensin system; this is mediated by the juxtaglomerular
apparatus, which, in response to decreased renal perfusion,
secretes renin. Renin is a proteolytic enzyme that acts on an-
giotensinogin to produce angiotensin I. Angiotensin I has very
little direct vasoactive property. When the two C-terminal
peptides are cleaved from angiotensin I by angiotensin-
converting enzyme, angiotensin II is formed. Angiotensin II
has properties that affect both the acute phase of hyperten-
sion and a chronic phase. The acute phase is mediated by di-
rect, potent vasoconstriction. Angiotensin II also activates the
adrenal cortex, increasing aldosterone secretion. This, in turn,
increases sodium retention and intravascular volume. An-
giotensin II normally exerts a negative feedback on renin re-
lease by increasing blood pressure. With severe renal artery
stenosis, renal perfusion will not increase appropriately, per-
petuating systemic hypertension.

Diagnosis

To properly diagnose the presence of renal artery occlusive
disease, the anatomical lesion as well as its physiological sig-
nificance must be demonstrated. Renal artery duplex scan-
ning provides important information about kidney size and
blood flow in the renal artery. Two parameters have been pro-
posed to identify significant stenosis, including a systolic ve-
locity greater than 200 cm/s65 or a ratio of renal to aortic sys-
tolic velocity greater than 3.5. Sensitivity of duplex scanning
is from 75% to 98% with specificity in a range between 90%
and 100%.65–67

With technological improvements, magnetic resonance
angiography (MRA) is becoming more reliable in detection of
significant renal artery disease. The benefits that MRA has
over arteriography are that it is noninvasive and uses no
nephrotoxic contrast agents. Its sensitivities and specificity
appear to be similar to duplex ultrasonography.68,69 Dynamic
CT scanning may also prove to be a useful screening tool.

Angiography remains the gold standard to evaluate steno-
sis in the renal arteries. Angiography also allows measure-
ments of the gradient across the stenosis, and angioplasty can
be performed at the same time. The current recommenda-
tions are for arteriography for any patient who is being con-
sidered for a revascularization. This approach could change
in the next decade with continued improvement in duplex
ultrasonography, MRA, and dynamic CT scanning.

Several functional studies are available to assess whether
hypertension is caused by renovascular disease; these rely on
measurements of renin activity. The advent of angiotensin-
converting enzyme (ACE) inhibitors has increased the value
of these tests in documenting renovascular hypertension.
Captopril is given orally and combined with radionuclide
renography. These studies are highly sensitive for hemody-
namically significant unilateral renal artery stenosis.70

The renal vein renin ratio is another test that can help
determine the significance and response to intervention of
unilateral renal artery stenosis. It is calculated by dividing the
renin activity of the affected kidney by the contralateral kid-
ney. A ratio of 1.5 or more is believed to be of significance
and correlates with a good response to revascularization.71

Treatment

MEDICAL MANAGEMENT

Within the last 20 years, successful treatment of renal hy-
pertension has been easier with the advent of such classes of
drugs as beta blockers and ACE inhibitors. The first-line ther-
apy for treatment should be a beta blocker. A diuretic, either
thiazide or loop, may be used if the hypertension is refractory
to the beta blockers. The most effective drugs in the treat-
ment of renovascular hypertension are the ACE inhibitors.
Unfortunately, the use of ACE inhibitors may be associated
with deterioration in renal function.

PERCUTANEOUS TRANSLUMINAL RENAL ANGIOPLASTY

The benefits of percutaneous transluminal renal artery an-
gioplasty (PTRA) as a treatment of renovascular hypertension
are that it is less invasive and does not require general anes-
thesia, resulting in a shorter hospital stay. Complications of
this procedure are usually limited to the site of catheter in-
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sertion, although major events such as renal artery rupture
and dissection can occur and renal salvage can be difficult.

Results of renal artery angioplasty for control of renovas-
cular hypertension related to fibrodysplasia are excellent and
angioplasty should be considered the first line of treatment.
Complete resolution of hypertension occurs in 22% to 50%
of patients, with improvements seen in 63% to 91%. Results
for patients treated for atherosclerotic lesions are not as fa-
vorable, with 19% of patients obtaining complete resolution
and 70% to 71% being improved.72–74 The worst results are
obtained with ostial lesions. Stent placement may improve
the durability of these results, but this remains to be verified.
Close clinical follow-up and ultrasonography are needed 
after PTRA to monitor for recurrent disease. Repeat PTRA
can be considered if initial results demonstrated reasonable
durability.

SURGICAL MANAGEMENT

The largest experience in the treatment of renovascular hy-
pertension is surgical. Operative treatment must consider not
only the risk of surgery to the patient but also the long-term
effects of the disease process. Factors that suggest a relatively
poor long-term prognosis for revascularization include a
chronically elevated serum creatinine, male gender, increas-
ing age, bilateral stenosis, and previous vascular opera-
tion.75,76

The most common surgical procedure for revasculariza-
tion of the renal artery is aortorenal bypass, with saphenous
vein graft being the most common conduit. Dacron or poly-
tetrafluoroethylene (PTFE) can also be used, and these con-
duits are preferable in young patients where vein graft
aneurysm formation is problematic.77,78

Nonanatomical renal artery revascularization can also be
performed with excellent results. Splenorenal and hepatore-
nal bypasses are the two most common procedures.79,80

Endarterectomy with or without a vein patch provides
good results for atherosclerotic lesions of the proximal renal
arteries. The adequacy of the revascularization should be doc-
umented by intraoperative ultrasonography, especially when
blind endarterectomy is performed.

Ex vivo reconstruction of the renal arteries can be per-
formed for more complicated disease in the hilar areas. The
downside of this procedure is the need for cold ischemia, long
operative time, and most importantly the loss of established
collateral networks, which may be critical if revasculariza-
tion fails.

Results of surgical revascularization for renovascular hy-
pertension vary with the underlying etiology of the disease
(Table 34.2). Cure rates for the surgical treatment of fibrodys-
plasia are superior to those for treating atherosclerosis. Long-
term results show a benefit to surgical revascularization in the
treatment of renovascular hypertension.81 Surgical revascular-
ization for renal dysfunction is also clearly beneficial. Im-
provements in renal function are seen in 22% to 58% of pa-
tients, while deterioration occurs in 11% to 25%.76,82–86
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Arterial Disease of 
the Lower Extremity
David G. Neschis and Michael A. Golden

The overwhelming majority of vascular disease of the
lower extremities is secondary to atherosclerosis. De-
pending on the severity of the vascular lesions and the

existing collateral circulation, symptoms generally follow a
continuum ranging from claudication, to rest pain, to frank
gangrene with tissue loss. A primary goal of the vascular sur-
geon is the preservation of limb function by appropriate tim-
ing of vascular reconstruction.

The term claudication is from the Latin word, claudico,
meaning to limp. Claudication is defined as a reproducible
pain in a muscle group, usually in the calf or thigh depend-
ing on the level of vascular disease. The pain is brought on
by exercise; usually a specific distance walked is enough to
elicit the pain, which is generally relieved by a brief period
of rest.

Rest pain is not merely claudication while at rest; rather,
it is pain, usually in the forefoot, that occurs at rest and 
is often relieved by dependency of the affected limb. Rest
pain indicates inadequate perfusion of the extremity even 
at rest and portends eventual progression to frank tissue 
loss.

Nonhealing ischemic ulcers or gangrene indicate insuffi-
cient perfusion to maintain viability of the affected limb, and
progression to limb loss in the absence of intervention is al-
most certain.

Epidemiology of Lower-Extremity Ischemia

Prevalence
The prevalence of vascular disease is dependent on the defi-
nition used. Lower-extremity arterial disease can be classified
as (1) asymptomatic, (2) symptomatic disease presenting as
intermittent claudication confirmed by noninvasive testing,
and (3) critical leg ischemia.

Asymptomatic arterial insufficiency is defined by a low
ankle–brachial index (ABI). This index is acquired by mea-
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suring Doppler occlusion pressures of the lower extremity and
comparing this to an upper-extremity occlusion pressure as a
fraction. A normal ABI is approximately 1.1; a low ABI is gen-
erally defined as below 0.9. When this value is used as a stan-
dard, the incidence of asymptomatic lower-extremity arterial
disease is about 10% in the 55- to 74-year-old age group.1

To summarize the available data for patients older than
50, approximately 15% to 20% have some form of lower-
extremity arterial disease. Of these, 20% to 30% will even-
tually require some intervention, with 10% eventually re-
quiring amputation. Alternatively, a full 70% of patients with
lower-extremity arterial disease will not experience a signif-
icant progression of their disease.

Risk Factors

AGE

For males younger than 50, the prevalence of intermittent
claudication is 1% to 2%, and this rises to 5% for those over
50 years of age.2,3 This trend is similar in women as well.

MALE GENDER

The prevalence of intermittent claudication in women over
50 is about half that of males; however, by age 70, the rates
are similar.3

DIABETES

Diabetics have comprised up to 25% of patients in series of
lower-extremity revascularization.4 The amputation rate in
diabetics is about seven times that of nondiabetics.5

SMOKING

The association between smoking and peripheral vascular dis-
ease has been well documented.6 Additionally, smokers are
diagnosed with peripheral vascular disease a full decade ear-
lier than nonsmokers.7



HYPERTENSION

Hypertension seems to have a greater impact on females than
males, with a relative risk ratio of approximately 4 in female
hypertensives and 2 in males.8

HYPERLIPIDEMIA

A fasting cholesterol level greater than 270 mg/dl has been
associated with a doubled incidence of intermittent claudi-
cation.9

Patient Evaluation

Patient evaluation should begin with a complete history, fo-
cusing on the symptoms and risk factors just described. The
physical exam should include a complete assessment of the
pulses, as well as evaluation for pallor, cyanosis, dependent
rubor, ulceration, gangrene, atrophy, infection, temperature,
and trophic changes such as thickened nails and loss of hair
on dorsum of foot. Ischemic ulcers are generally painful, do
not bleed, and are located on the heel, toes, or forefoot, in dis-
tinction from venous ulcers, which are usually not painful,
may bleed, and are located above the medial malleolus. A
careful neurological exam is important as well, particularly
because occasionally symptoms of neurological origin may
mimic vascular insufficiency.

The most common conflicting diagnosis is that of neuro-
genic leg pain. As this condition can occur concomitantly
with vascular occlusion, the absence of distal pulses does not
rule it out. Symptoms that begin with a change in position
and are relieved only by assuming the recumbent position
must be suspected to be of spinal origin.10 Additionally, a nor-
mal systolic pressure response to exercise, despite the occur-
rence of symptoms with exercise, effectively excludes vascu-
lar claudication.10 Further studies to evaluate patients with
atypical symptoms thought likely neurogenic in origin in-
clude lumbosacral spine films, electromyography, lum-
bosacral spinal MRI or CT, and myelography. In addition, 
patients in whom symptoms do not resolve following revas-
cularization should be evaluated for a neurogenic process.

Patients with signs and symptoms suggestive of vascular
disease should first undergo noninvasive testing of the arter-
ial system. Two simple tests include the measurement of seg-
mental systolic pressures and the ankle brachial index (ABI).
Normally, Doppler segmental pressures increase 20 mmHg
from the brachial artery to the proximal femoral artery. Any
change less than a 20-mmHg increase suggests aortoiliac dis-
ease. A pressure drop of more than 30 mmHg between any
two successive cuffs normally placed at the arm, proximal
thigh, distal thigh, proximal calf, and distal calf signifies a
significant arterial obstruction.11 The ABI is also a helpful
test. An ABI greater than 0.9 is considered normal. An ABI
between 0.5 and 0.85 suggests the degree of arterial obstruc-
tion often associated with claudication, and an ABI less than
0.50 suggests severe arterial obstruction often associated with
critical ischemia.11

A more rigid objective determination of claudication
severity utilizes exercise testing. Severe claudication can be
defined as an inability to complete the treadmill exercise be-
cause of leg symptoms and ankle pressures below 50 mmHg
following exercise.12 Although angiography remains the gold
standard for anatomical evaluation of vascular lesions, its use

should be limited to only those patients who are to undergo
intervention.

TOE SYSTOLIC PRESSURE INDEX

The prevalence of peripheral disease has been reported to be
as much as 20-fold higher in diabetics than in age- and sex-
matched controls.13 In diabetics, calcification of the media
often makes their vessels noncompressible, leading to arti-
factually high ankle pressures. However, this medial calcifi-
cation generally does not extend into the digital arteries.
Therefore, it is possible to measure toe pressure using a strain-
gauge sensor or photoplethysmograph.14 Toe systolic pressure
index (TSPI) value is normally greater than 0.60. If the ab-
solute toe systolic pressure is less than 30 mmHg, healing
without intervention is unlikely.14

DUPLEX ULTRASOUND

Duplex ultrasound is the combination of B-mode imaging and
Doppler ultrasound. Although B-mode imaging can demon-
strate a stenotic vessel segment, the degree of stenosis can-
not be accurately measured. Doppler ultrasound however al-
lows accurate measurement of blood velocity. In normal
volunteers, the normal peak systolic velocity is 100 � 20 cm/s
in the aorta, 119 � 22 cm/s in the external iliac artery, and
69 � 14 cm/s in the popliteal artery. In general, a 20% to 49%
stenosis is indicated by an increase in peak systolic velocity
more than 30% but less than 100% from the preceding ves-
sel segment. A critical (50%–99%) stenosis is indicated by an
increase in peak systolic velocity greater than 100%. No flow,
obviously, indicates occlusion.15 Duplex scanning has been
reported to be able to detect significant stenoses with an av-
erage 82% sensitivity and 92% specificity, depending on the
vessels studied.16

ANGIOGRAPHY

Magnetic resonance angiography (MRA) is becoming increas-
ingly popular in the evaluation of lower-extremity ischemia,
particularly for patients who have a contraindication to stan-
dard contrast angiography. Its safe use as a replacement for
angiography requires careful evaluation and significant expe-
rience with MRA.

Contrast angiography should be reserved for patients
without a contraindication who are expected to undergo
revascularization. Currently, antiography remains the gold
standard in the evaluation of lower-extremity ischemia.

Lower-Extremity Occlusive Disease

Natural History

In studies of patients with claudication followed for a mean
of 2.5 years and up to 8 years, 79% remained stable or im-
proved, with only 21% worsening. Only 5.8% had progres-
sion to gangrene and required an amputation. These studies
have established the safety of treating most patients with
claudication nonoperatively with programs of exercise, risk
management, including smoking cessation and control of
lipid, glucose and blood pressure levels, medication with an-
tiplatelet and rheologic agents, and meticulous care of the
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lower extremity. These studies have also provided the basis
for considering claudication as only a relative indication for
revascularization, warranting careful selection of low-risk pa-
tients with disabling symptoms for such procedures. It is well
accepted that ischemic rest pain and certainly tissue loss are
signs of limb-threatening ischemia, the natural history of
which is progression to amputation unless intervention with
improvement of arterial perfusion occurs.

Aortoiliac Occlusive Disease

Atherosclerotic lesions in the aortoiliac location generally be-
gin at the bifurcation of the aorta or the common iliac arter-
ies and can progress in either direction. In general, patients
complaining of claudication as a result of isolated aortoiliac
disease tend to be younger than those whose claudication is
caused by disease of the femoropopliteal system. Addition-
ally, the fact that lesions of the aortoiliac system are less
likely to cause symptoms is a tribute to the excellent collat-
eral system in this area. However, due to the larger number
of muscle groups directly perfused by these vessels, claudi-
cation as a result of aortoiliac disease may result in greater
disability. In addition, lesions of the aortoiliac system, re-
gardless of lumen diameter, are at risk for distal emboliza-
tion. It is for these reasons, as well as the excellent long-term
results obtained with this patient population, that a more ag-
gressive approach to claudication is taken as a result of aor-
toiliac disease.

Operative Alternatives for Patients
with Aortoiliac Occlusive Disease

A number of surgical options are available for the treatment
of aortoiliac disease. Over the last decade, however, percuta-
neous techniques have become more frequently employed. De-
tails of the various options are described in Chapter 34.

Infrainguinal Arterial Occlusive Disease

Atherosclerotic lesions often affect the major arteries below
the inguinal ligament. The most common lesion is a short-
segment occlusion of the distal superficial femoral artery, es-
pecially in the region of Hunter’s canal. Other vessels com-
monly involved include the above- and below-knee popliteal
artery, the anterior and posterior tibial arteries, and the per-
oneal artery. Additionally, the common and deep femoral ar-
teries may be affected as well. Evidence of disease is proba-
bly present in early adult life and progresses gradually until
becoming symptomatic. Due to the large potential for col-
lateral flow, a single lesion is often asymptomatic or at least
not limb threatening. In general, to produce significantly se-
vere symptoms or limb-threatening ischemia, lesions at mul-
tiple levels must be present. This then is called combined seg-
ment disease and involves any combination of aortoiliac,
femoropopliteal, and infrapopliteal lesions.

As discussed earlier, the great majority of patients com-
plaining of intermittent calf claudication can be safely ob-
served until symptoms of critical ischemia provide an ab-
solute indication for revascularization. However, it is quite
reasonable to consider a good-risk patient with incapacitat-
ing claudication for revascularization as well.

A 1980 review of femoropopliteal reconstructions for dis-

abling claudication showed that all patients experienced re-
lief of their symptoms after surgery. Cumulative graft patency
was 93% at 2 years and 88% at 5 years, with no operative
mortality. These patency rates are clearly superior to collec-
tive results of femoropopliteal graft patency performed for
limb salvage.17 More contemporary series have shown simi-
lar results.

Surgical Alternatives for Patients with 
Limb-Threatening Ischemia and 
Infrainguinal Occlusive Disease

Femoropopliteal bypass is indicated when the superficial
femoral artery or proximal popliteal artery is occluded and
the patent popliteal artery has luminal continuity on arteri-
ogram with any of its three terminal branches. In the case 
of a popliteal occlusion, bypass to an isolated segment of
popliteal artery is effective if the segment is more than 7 cm
long. If the isolated popliteal segment is less than 7 cm, or if
there is severe gangrene of the foot, a sequential bypass to the
popliteal and then to a more distal vessel should be consid-
ered.18 Femoropopliteal bypass grafts are categorized as either
above knee or below knee (Tables 35.1, 35.2). Based on these
data, prosthetic material is avoided whenever possible for in-
frageniculate bypass.

The use of PTFE in the above-knee position is a far more
viable alternative. Proponents of its use as the material of
choice in the above-knee position cite early patency rates sim-
ilar to those for autologous vein,19 and the frequent need of
saphenous vein for future coronary bypass or more distal pe-
ripheral arterial bypass revision. However, the argument for
future vein requirements does not appear justified. A policy
of the preferential use of autologous vein graft in any posi-
tion is followed by most vascular surgeons.

Infrapopliteal bypass should be performed only in situa-
tions of lower-extremity ischemia in which femoropopliteal
bypass is not feasible (Table 35.3). These data are the basis
for the avoidance of the use of prosthetic material to bypass
to infrapopliteal arteries if at all possible.

The selection of the posterior tibial artery, the anterior
tibial artery, or the peroneal artery for the infrapopliteal anas-
tomosis is important. A retrospective review showed no dif-
ference in hemodynamic parameters among the different out-
flow groups.20 Therefore the choice of outflow vessel should
be based on the overall quality of the vessel. If two vessels of
excellent quality are available, the preference probably should
go to the vessel with the greatest degree of direct continuity
with the foot.

One of many unanswered questions in vascular surgery is
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TABLE 35.1.

Above-Knee Femoropopliteal Grafts42: A Review of 
Series Published Since 1981

Primary patency

1 Year 3 Year 4 Year

Autologous Vein19,43–48 84% 69%
PTFE19,44–46,48–50 79% 57% 60%
Dacron49 62%



which operation is best for infrapopliteal reconstruction.
There is general agreement that autologous vein is currently
the best conduit. However, this can be used as a reversed graft,
requiring complete excision from its bed, or left in situ, re-
quiring ablation of all valves, and side-branch ligation but al-
lowing the vein to remain, for the most part, in its bed, the-
oretically preventing ischemic damage to the vein graft wall
and avoiding significant size mismatch at the proximal and
distal anastomoses. In a prospective, randomized comparison
of reversed and in situ vein grafts, there was no significant
difference between the types of bypass, particularly when the
veins were greater than 3.5 mm in diameter.21 For veins of
3.5 mm in diameter, there was a trend toward improved re-
sults in the in situ group.

In a situation where extensive disease involves multiple
levels of the lower extremity, a long bypass from groin to an-
kle may be required. In a study of in situ grafts for this situ-
ation, there is a 73% cumulative patency rate at 5 years with
an 89% limb salvage rate.22

In popliteal to distal artery bypass for limb-threatening 
ischemia, there is a 55% and 60% primary and secondary pa-
tency at 5 years and 73% limb salvage. Factors that were noted
to be associated with a decrease in graft patency included
small-diameter grafts, a dorsalis pedis outflow site, and poor-
quality outflow.

Finally, bypass to inframaleolar sites such as the dorsalis
pedis artery has proven to be a durable procedure. When com-
pared to peroneal bypass in a large series, no significant dif-
ferences were found, with 5-year secondary patency rates of
76% and 68% in the peroneal and dorsalis pedis arteries, re-

spectively. Limb salvage rates in the same groups were 
93% and 87%, respectively, at 5 years.23

Clearly all forms of bypass benefit when good-quality,
large-diameter autologous greater saphenous vein is available.
However, that is often not the case. As a rule of thumb, the
shortest graft to adequate inflow and outflow vessels is ad-
visable.

USE OF THE DEEP FEMORAL ARTERY IN LIMB SALVAGE

Profundaplasty is a procedure consisting of endarterectomy
of the origin and proximal portion of the deep femoral artery.
It is most useful when combined with an inflow procedure
such as an aortobifemoral bypass or axillofemoral bypass. On
occasion it is performed as an isolated procedure, usually fol-
lowing graft failure, in attempt to achieve limb salvage by
less than maximal improvement in limb perfusion.

Axillopopliteal bypass is generally used as a final effort to
prevent amputation. It is usually performed in a situation in
which the usual options are not available, whether this is the
result of groin infection with or without graft infection, ex-
tensive operative scaring, or extensive involvement of the il-
iac and femoral systems.

POSTOPERATIVE GRAFT SURVEILLANCE

There are three major causes of graft failure. Failure in the
immediate postoperative period (�30 days) is most often due
to technical or judgmental error. Other causes include inad-
equate inflow or outflow, poor conduit, infection, or an un-
recognized hypercoagulable state. Failure between 30 days
and 2 years is most often the result of myointimal hyperpla-
sia within the vein graft or at anastomotic sites. Late graft
failure is usually caused by the natural progression of ather-
osclerotic disease. It is estimated that strictures develop in
20% to 30% of infrainguinal vein bypasses during the first
year.24 Careful surveillance is justified in that intervention
based on a duplex surveillance protocol has resulted in 5-year
assisted patency rates of 82% to 93% for all infrainguinal
grafts studied, significantly higher than the 30% to 50% sec-
ondary patency rates of thrombosed vein grafts. A typical sur-
veillance protocol would include duplex ultrasonography to
measure flow velocity and the velocity ratio across a steno-
sis. Further workup would be indicated in vein grafts with
flow velocity less than 45 cm/s and a velocity ratio greater
than 3.5 across a stenosis. In addition, ABIs can be easily mea-
sured, with decrease more than 0.15 between exams consid-
ered significant. Exams should be performed perioperatively
and at 6 weeks, at 3-month intervals for 2 years, and every 6
months thereafter.

The Role of Percutaneous Transluminal 
Angioplasty and Stenting in the Management 
of Lower-Extremity Occlusive Disease

Since the earliest reports in 1964,25 PTA has become an im-
portant tool in the management of patients with lower-
extremity occlusive disease (Table 35.4). More recently, the
use of intravascular stents has increased the number of le-
sions amenable to endovascular therapy and has been shown
to improve on results of PTA alone.26 The more common in-
dications for iliac PTA are focal concentric stenosis of the
common and/or external iliac arteries, to increase flow (1) in
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TABLE 35.2.

Below-Knee Femoropopliteal Grafts42: A Review of 
Series Published Since 1981

Primary patency/
secondary patency

1 Year 4 Year

Autologous Vein19,43–48,51–55 82%/96% 72%/81%
PTFE (secondary patency only)44–46,48,50,52 68% 40%
Limb Salvage (autologous vein only)19,43,51 92% 75%

TABLE 35.3.

Infrapopliteal Grafts42: A Review of Series Published
Since 1981

1 Year 4 Year

Primary Patency
Reverse saphenous vein19,43–45,51,52,56–62 76% 62%
In situ vein bypass46,53–56 81% 68%

Secondary Patency
Reverse saphenous vein43,56,57,60,62 83% 76%
In situ vein bypass54–56 87% 81%
PTFE19,45,56,61,63 47% 21%

Limb Salvage
Reverse saphenous vein19,52,58–61,64 85% 82%
In situ, vein bypass53,65 91% 83%

PTFE19,52,61 68% 48%



patients with claudication from aortoiliac disease, (2) in pa-
tients in whom either PTA or surgical bypass is considered
for infrainguinal arterial occlusive disease, and to increase
flow for limb salvage (3) in the patient with severe infrain-
guinal arterial disease. Relative contraindications include dif-
fuse iliac artery stenoses and heavily calcified lesions.

Current indications for iliac artery stent placement in-
clude atherosclerotic stenosis with ulcerated plaques, iliac
artery occlusion, post-PTA arterial dissection, failure of bal-
loon angioplasty (defined as a residual stenosis of 30% or
greater or a pressure gradient greater than 5 mmHg), and re-
current stenosis following PTA. 

Predictors of improved long-term success include PTA for
claudication as opposed to limb salvage, an ABI above 0.57,
stenosis versus occlusion, and good runoff. Factors that do
not seem to significantly affect late results include site of
PTA, diabetes, number of sites treated, and pressure gradient
across the lesion. Overall, the best results seem to have been
in stenotic lesions with good runoff. Occlusions with poor
runoff were associated with a 16% success rate at 5 years.
PTA is a satisfactory option for lower-extremity revascular-
ization, particularly in patients at high risk for surgery with
good runoff and stenotic lesions.

Lumbar Sympathectomy

In a small number of cases, reconstructive arterial surgery is
not feasible in a patient with severe lower-extremity ischemia.
Lumbar sympathectomy may be a reasonable alternative to
improve rest pain and avoid amputation. In a review of 60 con-
secutive patients undergoing lumbar sympathectomy, there
was a zero mortality rate and minimal morbidity.27 It was
concluded that lumbar sympathectomy is a useful procedure
in patients with lower-extremity ischemia presenting only as
rest pain without gangrenous changes and having an ABI
greater than 0.30. In addition, lumbar sympathectomy may
be useful in patients with nonreconstructable disease and 
focal tissue loss, with an ABI greater than 0.30, but with 
transcutaneous oxygen tensions less than 30 mmHg that in-
crease by more than 20 mmHg with limb dependency. En-
doscopic approaches to lumbar sympathectomy should be
considered.28

Amputation

Fortunately, the vast majority of patients presenting with
even critical ischemia can be offered a reasonable attempt at
limb salvage. However, there are situations in which the best
option remains primary amputation. Some specific indica-
tions of lower-extremity amputation include nonsalvageable

dry or wet gangrene, unremitting and unreconstructable rest
pain, nonhealing ulcers, chronic infection, neuroma, frostbite,
malignancy, chronic pain, congenital deformity, and unsal-
vageable venous insufficiency.

The selection of amputation levels should consider the
objectives of removing all nonviable tissue while ensuring
primary wound healing and an acceptable functional result.
The outcome following below-knee amputation is far better
than that following amputation at the ankle despite the
higher level. In cases where the patient has severe depression
of mental status such that he or she is unable to ambulate,
communicate, or provide self-care, an above-knee primary
amputation should be considered. Severe, long-standing con-
tractures can occur with below-knee amputations in this
bedridden patient group, and often local trauma may make
the below-knee amputation less likely to heal than an am-
putation at the more proximal level.

Clearly, therefore, selection of the correct level of am-
putation is critical to ensure maximum rehabilitation po-
tential and avoid multiple procedures. A useful algorithm
is described by Dwars and colleagues.29 The authors ana-
lyzed a series of 85 lower-extremity amputations and de-
termined that the presence of a palpable pulse immediately
above the level of amputation correlated well with primary
wound healing and a 100% negative predictive value. The
absence of palpable pulses was of no use in selecting an am-
putation level. They found a skin perfusion pressure greater
than 20 mmHg to be highly predictive of primary amputa-
tion healing, with a positive predictive value of 89% and a
negative predictive value of 99%. The authors suggest if
there is no palpable pulse immediately proximal to the level
of amputation, and the skin perfusion pressure at that level
is less than 20 mmHg, a higher amputation level should be
selected.

The indications for toe amputation include gangrene, in-
fection, ulceration, or osteomyelitis confined to the mid- or
distal phalanx. If gangrene is dry, consideration can be made
toward expectant management allowing autoamputation as
this would allow for maximal retention of viable tissue. The
downside to this approach is that it could take months for
autoamputation to be complete. Contraindications to toe am-
putation include cellulitis proximal to the site, presence of
dependent rubor, forefoot infection, and involvement of the
metatarsalphalangeal joint or distal metatarsal head. Skin
flaps should be reapproximated without tension; 100% reha-
bilitation potential should be expected.

If gangrene or infection approaches the phalangeal–
metatarsal crease or involves the metatarsal head, a partial
distal forefoot amputation in the form of a ray amputation
can be performed by extending the toe amputation to in-
clude the distal metatarsal shaft and head. As in toe ampu-
tations, infection or gangrene proximal to the involved site
is a contraindication to ray amputation. Again, with the
proper postoperative footwear, 100% rehabilitation should
be expected.

Transmetatarsal amputation is indicated when gangrene
or infection involves multiple toes. It is contraindicated when
deep forefoot infection, cellulitis, lymphangitis, or dependent
rubor involve the dorsal forefoot proximal to the metatarsal–
phalangeal crease. If the wound heals successfully, trans-
metatarsal amputation affords an excellent functional result,
particularly with proper shoe modification.
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1 Year 4 Year

Aortoiliac67–70 88% 75%
Femoropopliteal67–69,71 81% 63%

TABLE 35.4.

Percutaneous Transluminal Angioplasty Patency.66



The Syme’s amputation involves disarticulation at the an-
kle. It has generally fallen into disfavor in that it is techni-
cally demanding and, more importantly, it is more difficult
to create a well fitting prosthetic for a Syme’s amputation
than for a below-knee amputation.

The below-knee amputation is a commonly performed
procedure indicated when gangrene, infection, or ischemic le-
sions are present that preclude a more distal amputation. If
objective criteria are used, primary healing of below-knee am-
putations should approach 95%. Contraindications to below-
knee amputation include situations wherein the gangrenous
or infectious process extends to involve the anterior portion
of the lower extremity within 4 or 5 cm of the tibial tuberos-
ity or would involve the posterior skin flap, a flexion con-
tracture greater than 20°, or neurological dysfunction creat-
ing muscle spasticity or rigidity on the affected side. The
energy requirement for a unilateral below-knee amputee is
increased approximately 40% to 60% compared to normal.
Most patients who were ambulatory before hospitalization
can expect to have a reasonable degree of function with a
well-fitted below-knee prosthesis.

An above-knee amputation is indicated when a more dis-
tal amputation is contraindicated, or in an elderly or disabled
patient who is not expected to be ambulatory or stand and
pivot. Energy expenditure is increased 80% to 120%, and only
40% to 50% of patients can be expected to ambulate after
above-knee amputation.

Acute Arterial Obstruction

The manifestations of acute arterial occlusion vary greatly,
depending on the level and severity of the obstruction, tim-
ing from onset to presentation, and degree of chronic vascu-
lar disease and collateral circulation. The classic signs and
symptoms of acute arterial occlusion include pain, pallor,
pulselessness, paresthesias, and paralysis.

Cutaneous manifestations are among the earliest in an
acute occlusion. Pallor is seen initially and occurs with the
loss of pulses. If timely revascularization does not take place,
blistering of the skin may develop, followed by frank gangrene.

Sensorimotor manifestations are among the most com-
mon symptoms in acute ischemia. Pain is noted early in the
course of events; however, this may progress to numbness,
which should not be mistaken as improvement. As ischemia
progresses, nerve dysfunction may lead to sensory loss, fol-
lowed by paralysis and muscle destruction resulting in paral-
ysis; a late manifestation of ischemia in muscle is rigor, sug-
gesting muscle death.

The quality of pulses in the contralateral extremity can
be very informative. It is uncommon for a patient with
chronic vascular disease in one extremity to have full, strong,
distal pulses in the other. A normal pulse exam in the con-
tralateral leg suggests that the patient has had an acute event
in the absence of chronic disease. This patient is unlikely to
have developed significant collaterals, and expediency in ob-
taining revascularization is vital.

The two major causes of acute arterial occlusion are em-
boli and thrombosis. An embolic source accounts for 80% of
cases. The most common sites in the lower extremity for em-
boli to become lodged are, in descending order, the femoral,
iliac, aorta, and popliteal arteries.

Acute thrombosis, usually of a previously stenotic area in
the setting of atherosclerosis, is the second most common
cause of acute arterial occlusion. Thrombosis may also occur
in the setting of low flow states such as congestive heart fail-
ure or hypotension, in hypercoagulable states, and in vascu-
lar grafts.

The management of the patient with acute lower-
extremity ischemia includes a thorough but expeditious his-
tory and physical, followed by optimization of hemodynam-
ics and fluid balance. Unless a contraindication exists, most
patients are heparinized. If the patient is thought to have po-
tentially viable extremities, the lesion can be further delin-
eated with arteriography.

At this point a decision is made whether to treat the pa-
tient operatively or with an attempt at thrombolysis. If open
surgery is chosen, the most common procedure is a catheter
embolectomy, usually via a cutdown at the femoral or below-
knee popliteal location. Alternatively, particularly in the set-
ting of a thrombosed bypass graft, bypass reconstruction may
be necessary. In an analysis of multiple series, the mortality
and limb salvage rates were 12.6% and 78%, respectively, for
the use of heparin alone in the setting of acute ischemia, 17%
and 84% for thromboembolectomy alone, and 10.2% and 92%
when the combination of perioperative heparin and catheter
embolectomy was used.30 Postoperatively one should con-
sider long-term anticoagulation as it may reduce the inci-
dence of recurrent embolization from 21% to 7%.30

The comparison of lytic therapy and surgical therapy in
the initial management of acute lower-extremity ischemia
has been carefully studied in several multiinstitutional stud-
ies. In one study there was a significantly increased number
of major adverse events in the thrombolysis group at 1 month
as compared to the surgery-alone group. However, when pa-
tients were stratified to duration of ischemia, there were clear
trends in favor of lysis in patients whose onset of ischemic
symptoms was less than 14 days before presentation.31 An
optimal situation in the setting of acute ischemia would be
that of a patient with evidence of an acute thrombotic event
who undergoes thrombolysis that clears the thrombus and
reestablishes flow nonoperatively and also uncovers a culpa-
ble lesion which would be angioplastied or surgically recon-
structed electively.

Other principles of management of the patient with acute
lower-extremity ischemia include careful monitoring postop-
eratively for metabolic derangements related to reperfusion
such as acidosis and hyperkalemia, evaluation of the urine
for myoglobin, and, if present, treatment with hydration,
manitol, and bicarbonate to induce an alkaline diuresis. Ad-
ditionally, if a limb has been ischemic for a significant time
or develops elevated compartment pressures, one should have
a low threshold for performing fasciotomy.

Embolic events can also take the form of atheroemboli
as atherosclerotic debris in a proximal artery dislodges and
occludes distal arteries. The most common manifestation of
this event is the blue toe syndrome. Blue toe syndrome con-
sists of the sudden appearance of a cool, painful, cyanotic
toe or forefoot in the often perplexing presence of strong
pedal pulses and a warm foot. By far the most common
source is the distal aorta, but atheromatous debris can em-
bolize from anywhere along the aorta as well as from pe-
ripheral arteries such as the femoral or popliteal. These
episodes portend both similar and more severe episodes in
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the future. Therefore, location and eradication of the em-
bolic source is usually indicated.32

Lower-Extremity Aneurysms

Aneurysms of the lower extremity are not uncommon, and
share similar risk factors with their abdominal counterparts,
as discussed elsewhere. It is clear that patients with aneurys-
mal disease have a propensity for aneurysmal degeneration in
other locations. In a series of 100 patients with femoral artery
aneurysms, 72% of patients had a contralateral femoral artery
aneurysm, 85% had a concomitant aortoiliac aneurysm, and
44% had a concurrent popliteal aneurysm.33 Conversely, a
patient with an AAA (abdominal aortic aneurysm) has a 3%
chance of a concomitant femoral artery aneurysm. There is a
strong predilection of peripheral artery aneurysms in males
as compared to females.

In recent times, the majority of femoral artery aneurysms
present while asymptomatic. However, these lesions can pre-
sent with a variety of symptoms. Acute thrombosis, which
occurs approximately 8% of the time, is manifest as sudden
onset of ischemic symptoms such as coolness, hypesthesia,
and pain. Chronic thrombosis, which occurs about 8% of the
time, is similar in presentation to the more common occlu-
sion of the superficial femoral artery (SFA), causing calf clau-
dication or ischemic rest pain. In both the acute and chronic
situation, the presence of a mass at the level of the femoral
artery should help distinguish the diagnoses. 

Ultrasound is the modality of choice for diameter size as-
sessment of peripheral arterial aneurysms. In general, it is rec-
ommended that asymptomatic femoral artery aneurysms
greater than two times the diameter of the external iliac artery
be repaired in good-risk patients. Additionally, all sympto-
matic femoral artery aneurysms should be considered for re-
pair. If treatment is elective, most patients should undergo
preoperative angiography, and all should have a search for
other aneurysms, particularly in the aortic and popliteal loca-
tions. Repair can be accomplished by either aneurysm exci-
sion or interposition graft, depending on the size or location
of the lesion. It is important to remember that all patients
treated for femoral artery aneurysms need to be followed for
life for aneurysms in other locations. Successful cases of man-
agement of femoral artery aneurysms with endoluminally
placed covered stents have been reported.34,35

The popliteal artery is the most common site for periph-
eral aneurysmal disease. Similar to femoral artery aneurysms,
the danger of popliteal artery aneurysms is their propensity to
thrombose, embolize, or rupture. A patient with a unilateral
popliteal artery aneurysm has an approximately 50% chance
of a contralateral aneurysm, and a greater than 30% chance of
having an AAA. As with most peripheral artery aneurysms,
most popliteal artery aneurysms occur in men. The average age
at time of diagnosis is between 50 and 70 years of age.

Approximately half of popliteal artery aneurysms are de-
tected while asymptomatic. A popliteal artery is considered
aneurysmal if its diameter exceeds 2 cm or is 1.5 times the
diameter of the proximal nonaneurysmal arterial segment.36

In general patients should undergo ultrasound examination
for size assessment, and arteriography to evaluate the proxi-
mal and distal vasculature before reconstruction.

Based on the available data, it is recommended to repair

all popliteal aneurysms electively in good-risk patients. Ad-
ditionally, patients presenting with popliteal artery aneurysm
and limb-threatening ischemia secondary to thrombosis or
distal emboli should be treated with initial angiography and
lytic therapy before surgical revascularization. Endoluminal
repair of popliteal artery aneurysms with covered stents has
been reported.37

Pseudoaneurysms

The majority of pseudoaneurysms encountered by the vascu-
lar surgeon are the result of percutaneous catheterization pro-
cedures. In a large series of cardiac catheterizations, the inci-
dence of vascular injury requiring repair was approximately
1%.38 Most complications of catheterization involve some de-
gree of extravasation of blood, leading to eccymosis and
hematoma formation. The majority of these resolve without
surgical intervention. However, if a large amount of blood ac-
cumulates to the point that the thigh becomes tense, painful,
or blistered, operative intervention with evacuation of the
hematoma and repair of the affected vessel should be consid-
ered. In some cases where the puncture site fails to heal, a cav-
ity lined by thrombus and soft tissue may form. If blood flow
persists within this cavity, it is considered a pseudoaneurysm.
In general, small pseudoaneurysms less than 2 to 3 cm in di-
ameter may resolve spontaneously. If a pseudoaneurysm per-
sists, increases in size, or is more than 3 cm in diameter, some
form of obliteration is indicated. The conventional approach is
operative exploration of the site of injury with suture repair of
the defect. More recently, reasonable success with ultrasound-
guided compression therapy has been reported. Additionally,
the injection of thrombin in the pseudoaneurysm sac under ul-
trasound guidance has produced impressive results.39 Based on
these experiences, it would seem appropriate to attempt throm-
bosis of pseudoaneurysms via ultrasound-guided techniques,
reserving operative repair for pseudoaneurysms that are par-
ticularly large or have large necks.

Unfortunately, femoral artery pseudoaneurysms also oc-
cur as a result of drug abuse. The patient usually presents
with a painful groin mass, which is pulsatile only half the
time. A major error would be to treat this as merely an ab-
scess and attempt blind incision and drainage. Angiography
should be obtained in most patients with a history of self-in-
jection and a groin mass and will distinguish pseudoaneurysm
from simple abscess. The definitive treatment of an infected
pseudoaneurysm relies on principles of debridement of all af-
fected tissue including artery to healthy vessel, proximal li-
gation, and distal revascularization if needed. Revasculariza-
tion should be attempted with autologous tissue if possible
and should be tunneled in such a way to avoid contact with
potentially infected sites.

Popliteal Entrapment Syndrome

Popliteal entrapment usually occurs because of an abnormal
relationship between the popliteal artery and the medial head
of the gastrocnemius muscle. The normal position of the
popliteal artery is in the popliteal fossa, running between
the medial and lateral heads of the gastrocnemius muscle.
The most common anatomical abnormality is that of me-
dial deviation of the popliteal artery around the medial head
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of the gastrocnemius, although other anatomical configura-
tions can lead to potential popliteal entrapment.

Patients are most commonly male, presenting before the
age of 40 years. In the absence of acute thrombosis or occlu-
sion, the most common presentation is that of intermittent
claudication, which often occurs with walking, more so than
with running. The diagnosis of popliteal entrapment is sug-
gested by disappearance or weakening of tibial pulses with
forced plantar flexion and knee extension. If suspected on the
basis of history and physical and initial noninvasive studies,
the best study to evaluate for popliteal entrapment syndrome
is an MRI. Additionally, duplex imaging may demonstrate
popliteal artery impingement with plantar flexion.

Surgical treatment is almost always indicated for patients
with intermittent claudication with evidence of popliteal en-
trapment. Surgical correction of asymptomatic functional en-
trapment is generally not warranted.

Adventitial Cystic Disease of the Popliteal
Artery and Buerger’s Disease

Adventitial cystic disease almost always affects the popliteal
artery. This entity is relatively rare, but must be considered,
particularly in cases of young males presenting with inter-
mittent claudication. Additionally, patients with this disor-
der are generally nonsmokers and have no other evidence of
atherosclerotic disease. Surgical correction generally in-
volves evacuation of the cyst contents and excision of the
wall.40 In cases of complete occlusion, resection of the in-
volved popliteal artery followed by vein interposition graft-
ing is warranted.

A variety of hypercoagulable states and local and systemic
vasculidities may cause lower extremity ischemia, the extent
of which is beyond the scope of this chapter. Although un-
common, cases of Buerger’s disease will be encountered by
most surgeons, and is worthy of further discussion. Buerger’s
disease, or thromboangiitis obliterans, is an inflammatory, 
occlusive vascular disease that involves both small and
medium-sized arteries and veins. This process usually affects
both the upper and lower extremities. Buerger’s disease most
commonly affects male smokers under the age of 40.

Most often patients present with intermittent claudication,
but 90% will eventually develop upper extremity manifesta-
tions as well. Progression to tissue loss and amputation is very
common. Arteriographic findings of smooth tapered segmen-
tal narrowing of peripheral arteries without evidence of more
proximal atherosclerotic disease may suggest the diagnosis.41

Although bypass of larger vessels is possible, treatment de-
pends almost completely on cessation of smoking, with po-
tential for a remarkable recovery.

References
1. Fowkes FG, Housley E, Cawood EH, Macintyre CC, Ruckley

CV, Prescott RJ. Edinburgh Artery Study: prevalence of asymp-
tomatic and symptomatic peripheral arterial disease in the gen-
eral population. Int J Epidemiol 1991;20:384–392.

2. Dormandy J, Mahir M, Ascady G, et al. Fate of the patient with
chronic leg ischaemia. A review article. J Cardiovasc Surg 1989;
30:50–57.

3. Vogt MT, Wolfson SK, Kuller LH. Lower extremity arterial dis-

ease and the aging process: a review. J Clin Epidemiol 1992;
45:529–542.

4. Farkouh ME, Rihal CS, Gersh BJ, et al. Influence of coronary
heart disease on morbidity and mortality after lower extremity
revascularization surgery: a population-based study in Olmsted
County, Minnesota (1970–1987). J Am Coll Cardiol 1994;24:
1290–1296.

5. Jonason T, Ringqvist I. Factors of prognostic importance for sub-
sequent rest pain in patients with intermittent claudication.
Acta Med Scand 1985;218:27–33.

6. Gordon T, Kannel WB. Predisposition to atherosclerosis in the
head, heart, and legs. The Framingham study. JAMA 1972;221:
661–666.

7. Kannel WB, Shurtleff D. The Framingham Study. Cigarettes and
the development of intermittent claudication. Geriatrics 1973;
28:61–68.

8. Hughson WG, Mann JI, Garrod A. Intermittent claudication:
prevalence and risk factors. Br Med J 1978;1:1379–1381.

9. Kannel WB, Skinner JJ Jr, Schwartz MJ, Shurtleff D. Intermit-
tent claudication. Incidence in the Framingham Study. Circula-
tion 1970;41:875–883.

10. Goodreau JJ, Creasy JK, Flanigan P, et al. Rational approach to
the differentiation of vascular and neurogenic claudication.
Surgery (St. Louis) 1978;84:749–757.

11. Barnes RW. Noninvasive diagnostic assessment of peripheral
vascular disease. Circulation 1991;83(suppl):I20–I27.

12. Anonymous. Suggested standards for reports dealing with lower
extremity ischemia. Prepared by the Ad Hoc Committee on Re-
porting Standards, Society for Vascular Surgery/North American
Chapter, International Society for Cardiovascular Surgery [pub-
lished erratum appears in J Vasc Surg 1986;4(4):350]. J Vasc Surg
1986;4:80–94.

13. Beach KW, Brunzell JD, Strandness DE Jr. Prevalence of severe
arteriosclerosis obliterans in patients with diabetes mellitus. Re-
lation to smoking and form of therapy. Arteriosclerosis 1982;2:
275–280.

14. Orchard TJ, Strandness DE Jr. Assessment of peripheral vascu-
lar disease in diabetes. Report and recommendations of an in-
ternational workshop sponsored by the American Diabetes As-
sociation and the American Heart Association September 18–20,
1992, New Orleans, Louisiana [see comments]. Circulation
1993;88:819–828.

15. Strandness DE Jr. Peripheral arterial system. In: Duplex Scan-
ning in Vascular Disorders. New York: Raven Press, 1993:159–
195.

16. Kohler TR, Nance DR, Cramer MM, Vandenburghe N, Strand-
ness DE Jr. Duplex scanning for diagnosis of aortoiliac and
femoropopliteal disease: a prospective study. Circulation 1987;
76:1074–1080.

17. Dalman RL, Taylor LM Jr. Infrainguinal revascularization pro-
cedures. In: Porter JM, Taylor LM Jr, eds. Basic Data Underly-
ing Clinical Decision Making in Vascular Surgery. St. Louis:
Quality Medical, 1994:141–143.

18. Veith FJ, Gupta SK, Wengerter KR, Rivers SP. Femoral-popliteal-
tibeal occlusive disease. In: Moore WS, ed. Vascular Surgery: A
Comprehensive Review. Philadelphia: Saunders, 1991:364–389.

19. Veith FJ, Gupta SK, Ascer E, et al. Six-year prospective multi-
center randomized comparison of autologous saphenous vein
and expanded polytetrafluoroethylene grafts in infrainguinal ar-
terial reconstructions. J Vasc Surg 1986;3:104–114.

20. Raftery KB, Belkin M, Mackey WC, O’Donnell TF. Are peroneal
artery bypass grafts hemodynamically inferior to other tibial
artery bypass grafts? J Vasc Surg 1994;19:964–968; discussion
968–969.

21. Harris PL, Veith FJ, Shanik GD, Nott D, Wengerter KR, Moore DJ.
Prospective randomized comparison of in situ and reversed in-
frapopliteal vein grafts [see comments]. Br J Surg 1993;80:173–176.

22. Shah DM, Darling RC III, Chang BB, Kalufman JL, Fitzgerald

4 6 6 CHAPTER 35



KM, Leather RP. Is long vein bypass from groin to ankle a durable
procedure? An analysis of a ten-year experience. J Vasc Surg
1992;15:402–407; discussion 407–408.

23. Wengerter KR, Yang PM, Veith FJ, Gupta SK, Panetta TF. A
twelve-year experience with the popliteal-to-distal artery bypass:
the significance and management of proximal disease. J Vasc
Surg 1992;15:143–149; discussion 150–151.

24. Bandyk DF. Surveillance of lower extremity bypass grafts. In:
Ernst CB, Stanley JC, eds. Current Therapy in Vascular Surgery.
St. Louis: Mosby-Year Book, 1995:492–499.

25. Dotter CT, Judkins MP. Transluminal treatment of arterioscle-
rotic obstruction. Description of a technique and a preliminary
report of its application. Circulation 1964;30:654–670.

26. Bosch JL, Hunink MG. Meta-analysis of the results of percuta-
neous transluminal angioplasty and stent placement for aor-
toiliac occlusive disease [published erratum appears in Radiol-
ogy 1997;205(2):584]. Radiology 1997;204:87–96.

27. Johnson WC, Watkins MT, Baldwin D, Hamilton J. Foot TcPO2

response to lumbar sympathectomy in patients with focal is-
chemic necrosis. Ann Vasc Surg 1998;12:70–74.

28. Hourlay P, Vangertruyden G, Verduyckt F, Trimpeneers F, Hen-
drickx J. Endoscopic extraperitoneal lumbar sympathectomy.
Surg Endosc 1995;9:530–533.

29. Dwars BJ, van den Broek TA, Rauwerda JA, Bakker FC. Criteria
for reliable selection of the lowest level of amputation in pe-
ripheral vascular disease. J Vasc Surg 1992;15:536–542.

30. Mills JL, Porter JM. Acute limb ischemia. In: Porter JM, Taylor
LM Jr, eds. Basic Data Underlying Clinical Decision Making in
Vascular Surgery. St. Louis: Quality Medical, 1994:134–136.

31. Anonymous. Results of a prospective randomized trial evaluat-
ing surgery versus thrombolysis for ischemia of the lower ex-
tremity. The STILE trial. Ann Surg 1994;220:251–266; discus-
sion 266–268.

32. Karmody AM, Powers SR, Monaco VJ, Leather RP. “Blue toe”
syndrome. An indication for limb salvage surgery. Arch Surg
1976;111:1263–1268.

33. Graham LM, Zelenock GB, Whitehouse WM Jr, et al. Clinical
significance of arteriosclerotic femoral artery aneurysms. Arch
Surg 1980;115:502–507.

34. Michel C, Laffy PY, Leblanc G, et al. [Percutaneous treatment
of a superficial femoral artery aneurysm using an intravascular
stent-prosthesis]. [in French.] J Radiol 1999;80:473–476.

35. Schneider PA. Abcarian PW, Leduc JR, Ogawa DY. Stent-graft
repair of mycotic superficial femoral artery aneurysm using a
Palmaz stent and autologous saphenous vein. Ann Vasc Surg
1998;12:282–285.

36. Szilagyi DE, Schwartz RL, Reddy DJ. Popliteal arterial aneu-
rysms. Their natural history and management. Arch Surg 1981;
116:724–728.

37. Kudelko PE Jr, Alfaro-Franco C, Diethrich EB, Krajcer Z. Suc-
cessful endoluminal repair of a popliteal artery aneurysm using
the Wallgraft endoprosthesis. J Endovasc Surg 1998;5:373–377.

38. McCann RL, Schwartz LB, Pieper KS. Vascular complications of
cardiac catheterization. J Vasc Surg 1991;14:375–381.

39. Liau CS, Ho FM, Chen MF, Lee YT. Treatment of iatrogenic
femoral artery pseudoaneurysm with percutaneous thrombin in-
jection. J Vasc Surg 1997;26:18–23.

40. Melliere D, Ecollan P, Kassab M, Becqemin JP. Adventitial cys-
tic disease of the popliteal artery: treatment by cyst removal. 
J Vasc Surg 1988;8:638–642.

41. Rivera R. Roentgenographic diagnosis of Buerger’s disease. J Car-
diovasc Surg 1973;14:40–46.

42. McCann RL. Peripheral artery aneurysms. In: Porter JM, Taylor
LM Jr, eds. Basic Data Underlying Clinical Decision Making in
Vascular Surgery. St. Louis: Quality Medical, 1994:137–140.

43. Taylor LM Jr, Edwards JM, Porter JM. Present status of reversed
vein bypass grafting: five-year results of a modern series. J Vasc
Surg 1990;11:193–205.

44. Bergan JJ, Veith FJ, Bernhard VM, et al. Randomization of auto-
genous vein and polytetrafluorethylene grafts in femoral-distal
reconstruction. Surgery (St. Louis) 1982;92:921–930.

45. Rutherford RB, Jones DN, Bergentz SE, et al. Factors affecting
the patency of infrainguinal bypass. J Vasc Surg 1988;8:236–
246.

46. Kent KC, Whittemore AD, Mannick JA. Short-term and midterm
results of an all-autogenous tissue policy for infrainguinal re-
construction. J Vasc Surg 1989;9:107–114.

47. Brewster DC, LaSalle AJ, Darling RC. Comparison of above-knee
and below-knee anastomosis in femoropopliteal bypass grafts.
Arch Surg 1981;116:1013–1018.

48. Hall RG, Coupland GA, Lane R, Delbridge L, Appleberg M. Vein,
Gore-Tex or a composite graft for femoropopliteal bypass. Surg
Gynecol Obstet 1985;161:308–312.

49. Davies MG, Dalen H, Svendsen E, Hagen PO. The functional
and morphological consequences of balloon catheter injury in
veins. J Surg Res 1994;57:122–132.

50. Quinones-Baldrich WJ, Busuttil RW, Baker JD, et al. Is the pref-
erential use of polytetrafluoroethylene grafts for femoropopliteal
bypass justified? [see comments]. J Vasc Surg 1988;8:219–228.

51. Anonymous. Comparative evaluation of prosthetic, reversed,
and in situ vein bypass grafts in distal popliteal and tibial-
peroneal revascularization. Veterans Administration Coopera-
tive Study Group 141. Arch Surg 1988;123:434–438.

52. Hobson RW Jr, Lynch TG, Jamil Z, et al. Results of revascular-
ization and amputation in severe lower extremity ischemia: a
five-year clinical experience. J Vasc Surg 1985;2:174–185.

53. Harris RW, Andros G, Dulawa LB, Oblath RW, Apyan R, Salles-
Cunha S. The transition to “in situ” vein bypass grafts. Surg Gy-
necol Obstet 1986;163:21–28.

54. Leather RP, Shah DM, Chang BB, Kaufman JL. Resurrection of
the in situ saphenous vein bypass. 1000 cases later [see com-
ments]. Ann Surg 1988;208:435–442.

55. Bandyk DF, Kaebnick HW, Stewart GW, Towne JB. Durability
of the in situ saphenous vein arterial bypass: a comparison of
primary and secondary patency. J Vasc Surg 1987;5:256–268.

56. Varty K, Allen KE, Jones L, Sayers RD, Bell PR, London NJ. In-
fluence of Losartan, an angiotensin receptor antagonist, on
neointimal proliferation in cultured human saphenous vein. Br
J Surg 1994;81:819–822.

57. Barry R, Satiani B, Mohan B, Smead WL, Vaccaro PS. Prognos-
tic indicators in femoropopliteal and distal bypass grafts. Surg
Gynecol Obstet 1985;161:129–132.

58. Cantelmo NL, Snow JR, Menzoian JO, LoGerfo FW. Successful
vein bypass in patients with an ischemic limb and a palpable
popliteal pulse. Arch Surg 1986;121:217–220.

59. Schuler JJ, Flanigan DP, Williams LR, Ryan TJ, Castronuovo JJ.
Early experience with popliteal to infrapopliteal bypass for limb
salvage. Arch Surg 1983;118:472–476.

60. Berkowitz HD, Greenstein SM. Improved patency in reversed
femoral-infrapopliteal autogenous vein grafts by early detection
and treatment of the failing graft. J Vasc Surg 1987;5:755–761.

61. Dalsing MC, White JV, Yao JS, Podrazik R, Flinn WR, Bergan JJ.
Infrapopliteal bypass for established gangrene of the forefoot or
toes. J Vasc Surg 1985;2:669–677.

62. Rosenbloom MS, Walsh JJ, Schuler JJ, et al. Long-term results of
infragenicular bypasses with autogenous vein originating from
the distal superficial femoral and popliteal arteries. J Vasc Surg
1988;7:691–696.

63. Flinn WR, Rohrer MJ, Yao JS, McCarthy WJ III, Fahey VA, Bergan
JJ. Improved long-term patency of infragenicular polytetrafluo-
roethylene grafts. J Vasc Surg 1988;7:685–690.

64. Taylor LM Jr, Edwards JM, Brant B, Phinney ES, Porter JM. Au-
togenous reversed vein bypass for lower extremity ischemia in
patients with absent or inadequate greater saphenous vein. Am
J Surg 1987;153:505–510.

65. Leather RP, Shan DM, Karmody AM. Infrapopliteal arterial by-

ARTERIAL DISEASE OF THE LOWER EXTREMITY 4 6 7



pass for limb salvage: increased patency and utilization of the
saphenous vein used “in situ.” Surgery 1981;90:1000–1008.

66. Wilson SE, Sheppard B. Results of percutaneous transluminal
angioplasty for peripheral vascular occlusive disease. In: Porter
JM, Taylor LM Jr, eds. Basic Data Underlying Clinical Decision
Making in Vascular Surgery. St. Louis: Quality Medical, 1994:
144–148.

67. Johnston KW, Rae M, Hogg-Johnston SA, et al. 5-year results of
a prospective study of percutaneous transluminal angioplasty.
Ann Surg 1987;206:403–413.

68. Gallino A, Mahler F, Probst P, Nachbur B. Percutaneous trans-

luminal angioplasty of the arteries of the lower limbs: a 5 year
follow-up. Circulation 1984;70:619–623.

69. Hewes RC, White RI, Jr., Murray RR, et al. Long-term results of
superficial femoral artery angioplasty. AJR Am Roentgenol 1986;
146:1025–1029.

70. Spence RK, Freiman DB, Gatenby R, et al. Long-term results of
transluminal angioplasty of the iliac and femoral arteries. Arch
Surg 1981;116:1377–1386.

71. Krepel VM, van Andel GJ, van Erp WF, Breslau PJ. Percutaneous
transluminal angioplasty of the femoropopliteal artery: initial
and long-term results. Radiology 1985;156:325–328.

4 6 8 CHAPTER 35



36

Venous Disease and 
Pulmonary Embolism

Matthew I. Foley and Gregory L. Moneta

Venous Thromboembolism

Epidemiology

Venous thromboembolism (VTE) is an important cause of pre-
ventable morbidity and mortality in the United States. Al-
though precise figures are difficult to obtain as a result of un-
diagnosed cases, the annual incidence of VTE has been
estimated at 71 and 117 per 100,000. Deep venous thrombo-
sis (DVT) poses not only the immediate threat of pulmonary
embolus (PE) but chronic disability secondary to venous in-
sufficiency as well. PE is estimated to be responsible for the
deaths of 50,000 to 100,000 persons per year in U.S. hospitals
who would not otherwise be expected to die of their under-
lying disease process.1–3 Despite this awareness and evidence
for the efficacy of various forms of prophylaxis, attention to-
ward prevention remains inadequate.4

Pathophysiology

The complexities of the coagulation system are beyond the
scope of this chapter and are detailed elsewhere. Suffice it to
say the coagulation system exists in a state of homeostasis.
Unbalance in this system may result in thrombus formation.
Rudolf Virchow, a pathologist, identified three conditions
that tended toward thrombosis. His well-known triad con-
sists of intimal injury, stasis of blood flow, and a hyperco-
aguable state. All risk factors relate back to one of the con-
ditions described by Virchow.

Risk Factors

HISTORY OF VTE

A previous history of VTE was found to be the strongest “in-
trinsic factor” contributing to a new objectively determined
DVT with an odds ratio of 7.9 (95% CI, 4.4–14.19).5
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AGE

Increased age is consistently associated with increased inci-
dence of VTE. U.S. population-based studies demonstrate dra-
matic increases after age 40 that continue exponentially un-
til death.6,7 However, the number of risk factors does also
increase with age.

MAJOR SURGERY

Depending on the procedure, VTE incidence ranges from
18%–57% in patients undergoing major surgery.

MALIGNANCY

Meta-analysis of general surgery patients distinguished pa-
tients with malignancy in 16 studies and found a 4% higher
incidence of VTE. At least two prospective studies have
shown an increased incidence of occult malignant neoplasm
in patients with DVT.8,9

OBESITY

When specifically assessing obesity as a risk factor for VTE,
it seems at worst to provide only a small incremental risk of
VTE.10

TRAUMA

The risk factors for VTE in trauma patients have been diffi-
cult to discern secondary to the variety of injury patterns. In
a prospective study of 716 consecutive trauma patients ad-
mitted to a regional trauma unit with an Injury Severity Score
(ISS) of at least 9, 58 percent had DVT, of which 18% were in
a proximal location. These authors identified five independent
risk factors by multivariate analysis (Table 36.1). Surprisingly,
less than 2% of patients with DVT confirmed by venography
had clinical symptoms. Another study identified four patterns
of injury that were independent predictors of PE (Table 36.2)



compared to a control group who had neither PE nor inferior
vena cava (IVC) filters placed.

VARICOSE VEINS/SUPERFICIAL THROMBOPHLEBITIS

Varicose veins (VVs) appear to be an associated but not an in-
dependent risk factor for VTE.

CARDIAC DISEASE

Patients with cardiac disease are likely to have associated risk
factors for DVT (i.e., age, immobilization). Older studies look-
ing for DVT in patients with acute myocardial infarction us-
ing radiofibrinogen leg scanning showed an incidence as high
as 40%.11,12 It has been shown that this rate can be reduced
using low-dose heparin as prophylaxis.13,14

HORMONES

There has been controversy regarding the risks of VTE with
oral contraceptive (OC) use. There does seem to be some in-
creased risk that must be weighed against the benefits of OC
use. However, estrogen replacement therapy has not been
shown to carry an increased risk of VTE.15,16

PROLONGED IMMOBILIZATION/PARALYSIS

A study using data from the National Spinal Cord Injury Sta-
tistical Center discovered an incidence of 14.5% for DVT and
4.6% for PE in patients with acute spinal cord injury.17 These
risks seem to diminish with time.18,19

PREGNANCY

Two recent cohort studies examining venous thrombosis dur-
ing pregnancy emphasize that DVT can occur during any
trimester, that symptoms in the first semester are more likely
to be confirmed as DVT, and that the left leg is by far most
often involved.

CENTRAL VENOUS CATHETERIZATION

The incidence of central venous catheter (CVC)-associated
DVT and its sequelae are probably underappreciated. The in-
cidence has been demonstrated in children requiring long-
term access for parenteral nutrition.20 CVC-associated DVT
is more common at the femoral site.

HYPERCOAGUABLE STATES

Numerous blood protein and platelet defects have been im-
plicated in venous thrombosis (Table 36.3).21 The most preva-
lent appears to be resistance to activated protein C.22

Natural History

DVT and PE are not pathologically distinct entities; they
lie along the continuum of VTE. Since it was shown that there
is improved survival in patients diagnosed with PE treated
with anticoagulation compared to no treatment,23 the natural
history of VTE has been obscured by intervention. What in-
formation exists is largely based on trials in which patients
were undertreated.

It has been shown in a recent large study using duplex ul-
trasound that patients who present with symptomatic DVT
may have thrombus located anywhere within the deep sys-
tem (even within the contralateral leg).24 The majority of
DVT originate in the infrapopliteal veins or muscular sinuses
of the calf.25,26 Studies suggest that between 10 and 25% prop-
agate proximally. Because they are virtually always treated,
little is really known about the natural history of proximal
vein DVT (PDVT).

Two recent studies found that between 40% and 50% of
patients with venographically proven DVT and no respiratory
symptoms had high-probability V/Q scans for PE at presen-
tation.27,28 In an ambulatory population randomized to re-
ceive or not to receive anticoagulant therapy, there was no
difference in progression of PE or development of PE symp-
toms at 2 months.

Resolution of DVT by DUS 6 months after diagnosis oc-
curs in 70% for all lower-extremity veins affected by DVT,
with damage to the vessel wall or valves occurring in 44% of
patients by this time.29 Chronic venous insufficiency can
eventually be demonstrated in a large percentage of persons
with a history of DVT.

The greatest risk of death from PE and incidence of re-
current PE appears to be within the first few hours30 to weeks
of the initial event. Beyond this period, most patients who
die do so of their underlying illnesses. Like DVT, PE has been
objectively shown to resolve.
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TABLE 36.1. Risk Factors for Venous Thromboembolism in 349
Trauma Patients.

Odds ratio
Risk factor (95% confidence interval)

Age (each 1-year increment) 1.05 (1.03–1.06)
Blood transfusion 1.74 (1.03–2.93)
Surgery 2.30 (1.08–4.89)
Fracture of femur or tibia 4.82 (2.79–8.33)
Spinal cord injury 8.59 (2.92–25.28)
aDetermined by multivariate logistic regression.

Source: From Geerts WH, Code KI, Jay RM, et al.,107 with permission. Copy-
right ©1994 Massachusetts Medical Society. All rights reserved.

TABLE 36.2. Pattern of Injury Analysis: Pulmonary Embolus (PE) vs. Control.

Number (%) of
Injury pattern Number pulmonary emboli Odds ratio

Head � spinal cord injury 195 3 (1.5) 4.5*
Head � long bone fracture 471 11 (2.3) 8.8%
Severe pelvis � long bone fracture 106 4 (3.8) 12*
Multiple long bone fracture 275 8 (2.9) 10*

*p � 0.05 compared with control group.

Source: From Winchell RJ, Hoyt DB, Walsh JC, et al.,108 with permission.



Prophylaxis

The primary goal of prophylaxis is to prevent the morbidity
and mortality of VTE. DVT is frequently asymptomatic, so
the first evidence of VTE may be a life-threatening PE. The
high incidence of VTE without prophylaxis and the ability to
significantly reduce this incidence with treatment speaks
strongly in favor of prophylaxis.

The general surgery population has been the most exten-
sively studied. Low-dose heparin (LDH) with or without dihy-
droergotamine (DHE), low molecular weight heparin (LMWH),
warfarin, intermittent pneumatic compression (IPC), and elas-
tic stockings (ES) all reduce the incidence of DVT from 25%
to 10% or less. In recent, randomized, prospective studies
LMWH is shown to be at least as efficacious as LDH with
perhaps a lower incidence of major bleeding complications,
although this finding is not consistent.31–33

It should be noted that the risk of VTE does not disappear
at the time of hospital discharge and that perhaps some pa-
tients should continue to receive prophylaxis at home. In a
retrospective study, the rate of postoperative PE increased by
30% when including PEs that occurred within 30 days of dis-
charge from a digestive surgery hospital. Specific risk factors
for postdischarge DVT were not identified. Further trials are
necessary before definite conclusions can be drawn.

Finally, cost-effectiveness must be a concern. It has been
estimated that $59 to $118 million spent on VTE prophylaxis
in 1.18 million major abdominal surgery patients over age 40
would save $59.3 to $118.5 million in DVT diagnosis and
treatment and $60 to $120 million on fatal PE each year. See
Table 19.5 for usage guidelines.

Diagnosis of Deep Venous Thrombosis

Signs and symptoms of DVT include swelling, pain, tender-
ness, warmth, discoloration, and a palpable cord. In extreme
cases, phlegmasia alba dolens (pain, pitting edema, and blanch-
ing) or phlegmasia cerulea dolens (loss of sensory and motor
function) may occur. Unfortunately, signs and symptoms of
DVT are not reliable for diagnosis. In large studies using either
DUS or venography, DVT was found in 50% or less of patients
in whom it was clinically suspected.24,26 However, these signs
and symptoms cannot be ignored and generally merit consid-
eration for the presence of DVT.

CONTRAST VENOGRAPHY

Contrast venography is considered the “gold standard” for the
diagnosis of DVT. The procedure involves placement of a nee-
dle in the dorsum of the foot and injection of a radioopaque
contrast medium. X-Rays are then obtained in at least two
projections. Studies are determined to be positive when a per-
sistent filling defect is present. However, not all patients are
candidates for venography based on previous history of contrast
reactions or renal insufficiency, and contrast venography has
largely been replaced by noninvasive techniques.

IODINE-125 FIBRINOGEN UPTAKE (FUT)

FUT is based on the idea that by radiolabeling fibrinogen and
injecting it into a peripheral vein, DVT can be identified by
scanning the legs for “hot spots.” Hot spots represent fibrinogen
being incorporated into fibrin clots. At this time, FUT has, how-
ever, been replaced by other diagnostic tests. 

IMPEDANCE PLETHYSMOGRAPHY (IPG)

IPG involves obstructing the venous outflow of the leg with
some external device, removing the device, and then quanti-
fying changes in electrical resistance resulting from changes
in calf blood volume. Serial IPG has been shown as safe when
applied to an outpatient or inpatient population suspected of
having DVT with a venogram-documented positive predic-
tive value of approximately 90% and a low incidence of sub-
sequent clinical DVT or PE in patients with serially negative
IPG exams.34–36 More recent evidence, however, has shown
that IPG with or without FUT is not acceptable for the pur-
pose of surveillance of high-risk asymptomatic patients.

DUPLEX ULTRASOUND (DUS)

DUS is now considered by many to be the new “gold standard”
for diagnosing PDVT. DUS combines real-time B-mode ultra-
sound (US) with pulsed Doppler capability. This combination
allows determination of vein compressibility as well as flow
characteristics. Veins that are incompressible with firm pres-
sure applied by the ultrasound scanhead are considered to be
thrombosed. Prospective studies comparing B-mode US to
venography using lack of vein compression as the sole deter-
minant of a positive ultrasound study show sensitivities of at
least 91% and specificities of 97% or better.37–41 Detection of
calf vein DVT (CDVT) is generally regarded as poor but may
be improved with the addition of duplex scanning in which
flowing blood is color coded on the gray-scale B-mode image
(color flow). DUS is reliable, noninvasive, and portable but does
require experienced personnel to obtain results similar to those
reported.

D-DIMERS

The most studied serological marker for VTE is the D-dimer
(DD). DD is a specific derivative of cross-linked fibrin that is
released when fibrin is lysed by plasmin. It is indicative of
thrombosis but can be falsely elevated postoperatively and in
the setting of sepsis, ARDS, and myocardial infarction. It may
be helpful as a screening exam in outpatients suspected of
having DVT as the sensitivity of a positive DD assay was
found to be 93% for PDVT and 70% for CDVT.
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TABLE 36.3. Hypercoaguable States.

Antiphospholipid syndrome
Activated protein C resistance (factor V Leiden)
Sticky platelet syndrome
Protein S defects
Protein C defects
Antithrombin defects
Heparin cofactor II defects
Plasminogen defects
Tissue plasminogen activator defects
Plasminogen activator inhibitor defects
Factor XII defects
Dysfibrinogenemia
Homocystinemia

Source: From Bick RL, Kaplan H,21 with permission.



Diagnosis of Pulmonary Embolism (PE)

Signs and symptoms of PE include dyspnea, tachypnea, chest
pain, tachycardia, cyanosis, hemoptysis, hypotension, syn-
cope, evidence of right-sided heart failure, and a pleural rub
or rales. Investigators involved in the Prospective Investiga-
tion of Pulmonary Embolism Diagnosis (PIOPED) trial found
that 90% of patients without a history of cardiac or pul-
monary disease and who had a PE confirmed by pulmonary
angiography (PA) had either dyspnea or tachycardia.42 How-
ever, there were no statistically significant differences in signs
and symptoms between patients who did or did not subse-
quently have PE diagnosed by PA.42 Patients with PE may
also present with coexisting signs and symptoms of DVT.

NONSPECIFIC TESTS

An arterial blood gas (ABG), chest X-ray (CXR), and electro-
cardiogram (EKG) are usually obtained in cases in which the
diagnosis of PE is considered. Characteristic early ABG find-
ings include respiratory alkalosis, decreased CO2, and de-
creased O2, which results in an increased alveolar–arterial gra-
dient (A-a). In more severe cases, or during progression of PE,
acidosis and worsening hypoxia may develop.

Suggestive CXR findings of PE include Westermark’s sign
(prominent central pulmonary artery and decreased pul-
monary vascularity) and a pleural-based, wedge-shaped pul-
monary density. These findings are, however, infrequent and
present in both patients with and without PE. The most com-
mon EKG findings in the PIOPED trial in patients with PE

were nonspecific ST segment or T-wave changes.42 The im-
portance of these nonspecific tests is to rule out other patho-
logical processes with similar signs and symptoms as PE.

PULMONARY ANGIOGRAPHY (PA)

Pulmonary angiography is the “gold standard” for diagnosing
PE.43 A catheter is placed into the pulmonary artery, usually
via a femoral vein puncture, and a contrast agent is injected
into both lungs. Either complete obstruction of, or filling de-
fects within, the vessels are the basis for diagnosis. Nondi-
agnostic angiograms are uncommon (5% or less),44,45 and a
negative PA effectively rules out a PE.

VENTILATION/PERFUSION (V/Q) SCANNING

Perfusion scans involve injection of radiolabeled colloid
through a peripheral vein followed by lung scanning in sev-
eral views. Although perfusion scans alone are sensitive for
PE, they lack specificity because many conditions other than
PE cause perfusion defects (pneumonia, bronchospasm,
COPD, cancer). In an attempt to improve specificity, venti-
lation studies (using radiolabeled aerosol) have been added,
producing the V/Q scan. In the presence of PE, a perfusion
defect should be present without a corresponding ventilation
defect (V/Q mismatch). The PIOPED trial developed well-
defined V/Q scan interpretation criteria defining five cate-
gories (Table 36.4). Combining scans of high, intermediate,
and low probability, the V/Q scan had a sensitivity of 98%,
but specificity was only 10% for diagnosis of PE. A high-
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High probability
�2 Large (�75% of a segment) segmental perfusion defects without corresponding ventilation or roentgenographic abnormalities or sub-

stantially larger than either matching ventilation or chest roentgenogram abnormalities
�2 Moderate segmental (�25% and �75% of a segment) perfusion defects without matching ventilation or chest roentgenogram abnor-

malities and 1 large mismatched segmental defect
�4 Moderate segmental perfusion defects without ventilation or chest roentgenogram abnormalities
Intermediate probability (indeterminate)
Not falling into normal, very low, low-, or high-probability categories
Borderline high or borderline low
Difficult to categorize as high or low
Low probability
Nonsegmental perfusion defects (e.g., very small effusion causing blunting of the costophrenic angle, cardiomegaly, enlarged aorta, hila

and mediastinum, and elevated diaphragm)
Single moderate mismatched segmental perfusion defect with normal chest roentgenogram
Any perfusion defect with a substantially larger chest roentgenogram abnormality
Large or moderated segmental perfusion defects involving no more than 4 segments in 1 lung and no more than 3 segments in 1 lung re-

gion with matching ventilation defects either equal to or larger in size and chest roentgenogram either normal or with abnormalities
substantially smaller than perfusion defects

�3 Small segmental perfusion defects (�25% of a segment) with a normal chest roentgenogram
Very low probability
�3 Small segmental perfusion defects with a normal chest roentgenogram
Normal
No perfusion defects seen
Perfusion outlines exactly the shape of the lungs as seen on the chest roentgenogram (hilar and aortic impressions may be seen, chest

roentgenogram and/or ventilation study may be abnormal)
aProspective Investigation of Pulmonary Embolism Diagnosis.

Source: The PIOPED Investigators,109 with permission.

TABLE 36.4.

PIOPEDa Central Scan Interpretation Categories and Criteria.



probability scan was quite specific (97%) but missed more
than half of PA-determined PE (sensitivity, 41%). V/Q scans
were diagnostic in only 27% of patients (either high proba-
bility or normal/near normal), but improved with the support
of clinical judgement. Overall, a high-probability scan in a sus-
picious clinical setting is highly suggestive of PE. Low-proba-
bility V/Q scans combined with low clinical suspicion or nor-
mal/near-normal scans effectively ruled out PE.

D-DIMERS

D-Dimers (DD) can be used for the detection of PE as well as
DVT. They are most useful as a screening test in the outpa-
tient setting.

ADDITIONAL NONINVASIVE TESTING

When V/Q scanning is nondiagnostic, some investigators
have evaluated the lower-extremity veins where the major-
ity of PE are believed to originate. In a small study, the com-
bination of V/Q scanning and DUS yielded only a sensitivity
of 62% and a specificity of 78% for diagnosing PE using 
PIOPED criteria.46

ON THE HORIZON

Helical CT and MR angiography are being studied in some
centers, but they may prove to be inadequate for small pe-
riphera subsegmental PE.

Treatment

THROMBOLYSIS

Ideally, treatment of DVT would result in early dissolution
of thrombus, thereby eliminating the risk of PE and theoret-
ically reducing the incidence of the postphlebitic syndrome.
Unfortunately, only a minority (�10%) of patients with VTE
are candidates for thrombolytic therapy. Contraindications to
lytic therapy are listed in Table 36.5.

Three potential thrombolytic agents are available: strep-

tokinase, urokinase, and recombinant tissue plasminogen ac-
tivator (rtPA). All convert plasminogen to plasmin. Streptoki-
nase is antigenic, can induce allergic reactions, is not specific
for fibrin-bound plasminogen, and requires plasminogen as a
cofactor. Urokinase is not antigenic but is still nonspecific
and can produce febrile reactions. rtPA is found in all human
tissues and it has the advantage of being more specific for 
fibrin-bound plasminogen compared to the other agents but
has not been shown to be superior in terms of ultimate throm-
bolysis of documented thrombi or reducing bleeding compli-
cations of thrombolytic therapy.

Currently, there is no clear benefit for thrombolytic ther-
apy in the large majority of patients with DVT. Nevertheless,
thrombolytic therapy for DVT may be appropriate in highly
selected cases of massive iliofemoral DVT. A large prospec-
tive randomized trial to determine PE recurrence, death, and
chronic pulmonary hypertension is necessary before definite
recommendations are possible.

HEPARIN

Unfractionated heparin (UFH) has been the initial pharmaco-
logical treatment of choice for VTE. UFH functions by two
mechanisms; (1) it binds to antithrombin III (ATIII) and ampli-
fies the inhibition of thrombin and activated factor X by ATIII,
and (2) it catalyzes the inhibition of thrombin by heparin co-
factor II. The half-life of UFH is approximately 90 min. The
level of anticoagulation produced by the administration of UFH
can be monitored by the activated prothrombin time (aPTT),
which is usually evaluated at 6-h intervals until a steady state
has been reached. The lower limit for the aPTT when treating
VTE is 1.5 times control. The incidence of both recurrence and
extension have been shown to be unacceptably high when 
either levels are subtherapeutic (as with subcutaneous hep-
arin)47 or when oral anticoagulation is initiated alone.48 In
contrast, there does not appear to be an increased risk of hem-
orrhagic complications in patients with supratherapeutic lev-
els (aPTT � 2.5).49 Treatment typically is continued until the
patient has become therapeutic on oral anticoagulation.

WARFARIN

Warfarin acts by interfering with the production of both the
procoagulant (II, VII, IX, X) and anticoagulant (proteins C and
S) vitamin K-dependent cofactors. Patient response to war-
farin is variable depending on liver function, diet, age, and
concomitant medications. The level of anticoagulation pro-
duced by warfarin can be monitored with prothrombin time
(PT). The PT is determined using commercially available
thromboplastin reagents. Secondary to a wide variability of
thromboplastin reagents used, the International Normalized
Ratio was created (INR). An INR of 2.0 to 3.0 is generally ac-
cepted to be therapeutic in most patients with VTE.50

It was initially thought that several days of heparin were
necessary before initiating warfarin therapy. However, sev-
eral prospective randomized trials have shown that starting
warfarin therapy in addition to heparin within the first few
days of VTE diagnosis is safe, effective, and permits earlier
discharge from the hospital.51–53 Patients should not be
started on warfarin if any invasive procedures are planned.
Warfarin has a long half-life and must be withheld for several
days for the INR to normalize. Fresh frozen plasma may be
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TABLE 36.5. Contraindications to Systemic Lytic Therapy.

Absolute
Active internal bleeding
Recent (�2 months) cerebrovascular accident
Intracranial pathology

Relatively major
Recent (�10 days) major surgery, obstetrical delivery, or organ 

biopsy
Active peptic ulcer or gastrointestinal pathology
Recent major trauma
Uncontrolled hypertension

Relatively minor
Minor surgery or trauma
Recent cardiopulmonary resuscitation
High likelihood of left heart thrombus (i.e., atrial fibrillation 

with mitral valve disease)
Bacterial endocarditis
Hemostatic defects (i.e., renal or liver disease)
Pregnancy
Diabetic hemorrhagic retinopathy

Source: From Quinones-Baldrich,110 with permission.



administered to provide vitamin K–dependent cofactors when
rapid reversal is necessary.

Warfarin has been shown to reduce the recurrence of VTE
after an initial event.54,55 What has been less clear is how long
to treat a patient with warfarin after an initial event or re-
currence. Based on available data, patients with an initial
episode of VTE should receive 3 to 6 months of warfarin ther-
apy depending upon their risk factors, and patients with a re-
currence should be treated indefinitely.

LOW MOLECULAR WEIGHT HEPARINS (LMWHS)

Perhaps the most notable advance in the treatment of DVT
in the past several decades has been the use of LMWHs.
LMWHs have been shown to differ from UFH in significant
ways. LMWHs have increased bioavailability, greater than
90% after a subcutaneous injection.56,57 They have a much
longer half-life than UFH56,58 and predictable elimination
rates,59 allowing once or twice daily dosing. LMWHs also
have a predictable anticoagulant effect based upon body
weight, so that laboratory monitoring is unnecessary.60 It has
also been hoped that LMWHs would lack some of the com-
plications seen with UFH such as hemorrhage, heparin-in-
duced thrombocytopenia, and osteoporosis. It is important to
note that the different LMWHs differ in their anti-Xa and anti-
IIa activities. For this reason data from one LMWH may not
be extrapolated to another. Early trials using LMWHs sug-
gested that LMWHs may be as effective as UFH (Table 36.6).

INFERIOR VENA CAVA (IVC) FILTERS

Numerous different IVC filters are available today. A con-
traindication to, or a failure of anticoagulation, are the main in-
dications for IVC filter placement in the treatment of lower-ex-
tremity DVT. Percutaneous techniques allow placement via
percutaneous venotomy, usually through the right femoral vein. 

Evidence for the efficacy of IVC filters is scarce; there are
no randomized, prospective trials. Because the data on IVC
filter efficacy are poor and the data on medical treatment are
well established, the role of the IVC filter in the treatment
of DVT should be limited to cases in which anticoagulation
is contraindicated or has failed.

SURGICAL TREATMENT

There is little role for surgical management of DVT, although
greater saphenous vein ligation, venous thrombectomy, cre-
ation of a temporary AV fistula, and pulmonary embolectomy
have been used with varying degrees of success. Randomized
data are lacking.

Chronic Venous Insufficiency/
Venous Ulceration

Twenty-seven percent of the adult U.S. population has some
form of detectable lower-extremity venous abnormality,61

usually superficial varicosities and/or telangiectasis. Up to
1.5% of European adults develop venous stasis ulceration at
some point.62

Symptoms of chronic venous insufficiency (CVI) include
leg fatigue, discomfort, and heaviness. Signs include venous
telangiectasias and varicose veins as well as lipoder-
matosclerosis and venous ulceration. Risk factors associated
with varicose veins may include prolonged standing,61 hered-
ity,63 female sex,63,64 parity,65 and history of phlebitis.64

Risk factors for venous ulceration are different. The preva-
lence of venous disease increases with age and many risk fac-
tors for venous ulceration are associated with older age. The
median age for patients with venous ulcers may be as high
as 70 to 77 years.66,67 Estimated incidence of venous ulcer in
patients over 45 years is 3.5 per thousand per year.68 Multi-
variant analysis suggests, in addition to age, the primary risk
factors for venous ulceration are a history of deep venous
thrombosis, a history of severe lower-extremity trauma, male
sex, and obesity.64

Patients with venous ulceration have a severely impaired
quality of life. Feelings of anger, depression, isolation, and/or
diminished self-image are present in nearly 70%, and 80%
have decreased mobility.69 As many as 2 million workdays
are lost per year in the United States secondary to venous ul-
ceration,70 and 5% of patients with venous ulcers lose jobs
as a result of their venous ulcer.71 The cost of treatment for
venous ulceration alone is staggering, with annual health care
costs estimated at $1 billion in the United States.72
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TABLE 36.6.

Randomized Trials of LMWHa versus UFHb for Treatment of Deep Venous Thrombosis
(DVT) (Level I Evidence).

Recurrent DVT (%); Major bleeding (%);
Agent Dose LMWH vs. UFH LMWH vs. UFH

Fraxiparine111 �55 kg 12,500 XaIUc 7 vs. 14 (p � ns) 1 vs. 4 (p � ns)
�55 kg �80 kg 15,000 XaIU
�80 kg 17,500 XaIU
(Q 12 h)

Dalteparin112 200 XaIU/kg 5 vs. 3 (p � ns) None, either group
(Q 24 h)

Enoxaparin113 100 XaIU/kg 1 vs. 10 (p � 0.02) None, either group
(Q 12 h)

Logiparin114 175 XaIU/kg 3 vs. 7 (p � 0.07) 0.5 vs. 5 (p � 0.06)
(Q 24 h)

aLow molecular weight heparin.
bAdjusted dose unfractionated heparin.
cFactor Xa inhibitory units.



Pathophysiology

MACROCIRCULATION

Venous reflux, venous obstruction, and calf muscle pump dys-
function contribute singularly or in combination to the signs
and symptoms of chronic venous insufficiency. Of these, 
reflux is probably the most important. Venous reflux can be
described as primary or secondary and results from abnor-
malities of the venous valve. Primary valvular reflux (incom-
petence) is diagnosed when there is no known underlying eti-
ology of valvular dysfunction. Most cases of what clinically
appears to be isolated superficial venous insufficiency are sec-
ondary to primary venous incompetence.73

An obvious identifiable antecedent condition is required
for valvular incompetence to be described as secondary. Most
frequently this is a deep venous thrombosis (DVT). The pres-
ence of thrombus within the vein is thought to have led to
destruction or dysfunction of the venous valves.

EVALUATION OF VENOUS INSUFFICIENCY

Evaluation of the macrocirculation in chronic venous insuf-
ficiency initially utilized invasive measurements of ambula-
tory venous pressure (AVP) and venous recovery times (VRT).
On the other hand, photoplethysmography (PPG) is a nonin-
vasive alternative to the performance of direct ambulatory ve-
nous pressure measurements. In limbs with venous insuffi-
ciency the calf veins will refill from capillary inflow as well
as from axial reflux. In such extremities, the venous recov-
ery time will be shortened compared to normals. In most vas-
cular laboratories, a PPG VRT less than 17 to 20 s is consid-
ered to indicate the presence of venous reflux in that
extremity. Most cases of venous ulceration are associated
with VRTs of less than 10 s. Unfortunately, invasive mea-
surements of AVP and its noninvasive alternative, PPG VRT,
do not completely characterize the function of the lower-
extremity venous system. These tests do not distinguish the
combined effects of reflux and obstruction, localize the site
of reflux, or evaluate the role of the calf muscle pump in ve-
nous insufficiency.

The air plethysmograph (APG) theoretically permits as-
sessment of calf muscle pump function, venous reflux, and
overall lower-extremity venous function. When corrected for
location and magnitude of lower-extremity venous reflux, calf
muscle pump function as measured by APG appears to have
an independent effect on the severity of chronic venous in-
sufficiency.74 Information obtained from the APG may allow
for more precise preoperative assessment of patients before
deep venous reconstruction or ablative superficial vein pro-
cedures.

Duplex ultrasound has also now achieved considerable
importance in the evaluation of patients with chronic venous
insufficiency. In addition to ruling out the presence of acute
venous thrombosis, duplex ultrasound can be used to evalu-
ate venous reflux in individual venous segments of the lower
extremity. Knowledge of the relative contribution of individ-
ual venous segments to overall venous reflux may prove to
be useful in planning venous reconstructive procedures.

Clearly, location of venous reflux is important. Reflux in
popliteal and infrapopliteal veins is more significant than
more proximal reflux in the development of skin changes and
ulcers associated with severe venous insufficiency.75–77 Ve-

nous ulceration can, however, also occur with reflux isolated
to the superficial veins.78,79 Up to 17% of patients with ve-
nous ulceration have reflux isolated to the superficial veins
alone.75–79

Less than 5% of limbs initially involved with the deep
venous thrombosis develop a venous ulcer.80–82 Currently,
one of the most intense areas of investigation related to
chronic venous insufficiency (CVI) is the relationship be-
tween the development of CVI symptoms and the location
of valvular dysfunction with respect to extent and location
of thrombus following an acute episode of deep venous
thrombosis. Using duplex ultrasound, detailed follow-up
studies of the development of venous reflux have been per-
formed in patients with an acute deep venous thrombosis.
These studies indicate that some degree of recanalization of
thrombosed veins occurs by 3 months in almost all lower ex-
tremities involved with deep venous thrombosis and treated
with standard intravenous heparin and follow-up warfarin
therapy.80–82 In fact, by 90 days approximately half the lower
extremities involved with deep venous thrombosis show re-
canalization of all segments initially noted to be throm-
bosed.82

As noted, an estimated 50% of above-knee deep venous
thrombi and the great majority of isolated calf vein thrombi
are asymptomatic.83 This fact, combined with the fact that
many patients who clearly have venous insufficiency have
never had a documented episode of deep venous thrombo-
sis,75–79 suggests that subclinical venous thrombi may play a
role in the development of chronic venous insufficiency.

MICROCIRCULATORY CONSIDERATIONS

Skin and subcutaneous tissue are the end organs of chronic
venous insufficiency. Functional and morphological abnor-
malities of the cutaneous capillaries and lymphatics charac-
terize advanced chronic venous insufficiency. Several theo-
ries seek to link these abnormalities with venous reflux.

Therapy for Chronic Venous Insufficiency

Nonoperative therapy has long been the basic treatment for
venous ulceration and chronic venous insufficiency. It is
highly effective in controlling symptoms of chronic venous
insufficiency and promoting healing of venous ulcers. How-
ever, healing can be prolonged and painful and recurrence of
ulceration post healing is a significant problem. Although
lower-extremity elevation (feet above the thighs when sitting
and above the heart when supine) is very effective treatment,
enforced inactivity is impractical for most patients. Ideally,
nonoperative therapy for chronic venous insufficiency should
control symptoms while promoting healing of existing ulcers
and preventing recurrence of ulceration. At the same time the
patient should be allowed to maintain a normal ambulatory
status.

COMPRESSION THERAPY

Compression therapy is the primary treatment for chronic ve-
nous insufficiency and remains so despite progress in both
ablative84 and reconstructive venous surgery (see follow-
ing).85,86 Compression therapy is usually delivered in the form
of elastic stockings, paste boots, or elastic wraps. Results ob-
tained with elastic wraps in general have, however, been 
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inferior to those achieved with elastic stockings or past
boots.87–90

There are significant problems with compression ther-
apy. Most noteworthy is poor patient compliance.91 Pa-
tients may be initially intolerant of the sensation of com-
pression. Frequently, stockings can initially be worn only
for brief periods. At the beginning of therapy, patients need
to be instructed to wear elastic stockings only for so long
as tolerable and then increase gradually the time wearing
the stockings. Patients also may initially need to be fitted
with lesser strength of compression (20–30 mmHg) and
many elderly, weak, or arthritic patients cannot apply elas-
tic stockings.

Paste gauze compression dressings were developed in
1896.92 The current Unna’s boot consists of dome paste dress-
ing containing calamine, zinc oxide, glycerine, sorbitol,
gelatin, and magnesium aluminum silicate. This dressing 
provides both compression and topical therapy and is prefer-
entially applied by trained personnel. The dome paste gauze
bandage is first applied with graded compression from the
forefoot to the knee. A second layer consists of a 4-in.-wide
continuous gauze dressing. The final layer is an elastic wrap
applied with graded compression. The bandage stiffens with
drying and is generally changed weekly. Studies evaluating
the effectiveness of Unna boot therapy indicate about 70% of
ulcers can be healed with Unna boot treatment.93–95 After
healing, lifetime compression therapy with elastic compres-
sion stockings is required to minimize recurrence.

Circ-Aid is a legging orthosis consisting of multiple pli-
able, rigid, adjustable compression bands.96 These bands wrap
around the leg from the ankle to the knee and are held in
place with Velcro. The device provides rigid compression sim-
ilar to an Unna boot with increased ease of application. A pre-
liminary study suggests this legging orthosis may be superior
to elastic stockings in preventing limb swelling in patients
with advanced venous insufficiency.97

External pneumatic compression devices can serve as ad-
junctive measures in the treatment of lower-extremity lym-
phedema, venous ulceration, or both. These devices may be
particularly applicable to patients who have severe edema or
morbid obesity. Relative contraindications to external pneu-
matic compression are arterial insufficiency and uncontrolled
congestive heart failure.

PHARMACOLOGICAL THERAPY

There are multiple pharmacological strategies to treat lipo-
dermatosclerosis and venous ulceration. With the exception
of diuretics, these agents are relatively unknown in the
United States. Diuretics have, in fact, little role in the treat-
ment of chronic venous insufficiency. They may be appro-
priate for short periods in patients with severe edema, but
must be used judiciously.

Other pharmacological agents for treatment of chronic ve-
nous insufficiency are widely used in Europe. In 1993, a Ger-
man study indicated that 11% of people in Germany 15 years
of age and older received a medication for venous disease in
the previous 12 months.98

ORAL AND INTRAVENOUS THERAPIES

Zinc, fibrinolytic agents and phlebotrophic agents have not
shown any major benefits in venous ulcer healing.

Use of the hemorrheological agent pentoxifylline resulted
in significant reduction in ulcer size after 6 months when
combined with compression stockings. Aspirin may also ac-
celerate ulcer healing. Prostaglandin E may also be beneficial.

TOPICAL THERAPIES

Without evidence of invasive infection, wound bacteriology
appears to have little impact on healing of venous ulcers.99

Use of topical antibiotics on a routine basis is therefore not
recommended. Application of antiseptics is also counterpro-
ductive to wound healing.

The serotonin II antagonist ketanserin increases fibroblast
collagen synthesis. A double-blind study of venous ulcers
comparing the use of topical 2% ketanserin and compressive
bandage use with bandage use alone indicated a 91% im-
provement in the ketanserin-treated group compared with
50% of controls.100

Hydrocolloid occlusive dressings (DuoDERM) maintain a
moist wound environment. Such dressings are often com-
fortable for the patient and may produce more rapid epithe-
lialization of granulating wounds.101 However, although oc-
clusive dressings are comfortable, they have not been
conclusively demonstrated to produce more rapid healing and
may lead to an increased number of local infectious compli-
cations.94

SKIN SUBSTITUTES

Human skin substitutes to promote permanent closure of
open wounds. These products vary from simple acellular
skin substitutes to complete living bioengineered, bilayered
human skin equivalents with allogenic epidermal and der-
mal layers. They may possibly serve as delivery vehicles for
various growth factors and cytokines important in wound
healing.

Surgical Therapy

Procedures designed to treat chronic venous insufficiency can
be classified as ablative or reconstructive. Ablative procedures
are generally applicable only to disease of the superficial
veins. Reconstructive procedures are designed to treat either
reflux or obstruction of the deep veins.

VENOUS SCLEROTHERAPY

Venous sclerotherapy is the most widespread method for
treatment of venous telangiectasias and small superficial vari-
cose veins. Both telangiectatic vessels and small varicose
veins may be associated with symptoms of leg heaviness, as
well as localized pain or burning sensation. Many, of course,
are asymptomatic and are treated primarily for cosmetic
purposes.

There are many reported techniques for sclerotherapy
treatment of different-sized varicosities and telangiectatic
vessels. Although the specifics of these techniques vary, there
are a number of underlying principles. The first is treatment
of larger varicosities initially, followed by treatment of
smaller varicosities, and then reticular veins, and finally
telangiectatic veins. Varicosities greater than 4 to 5 mm in
size with the patient in the upright position generally respond
poorly to sclerotherapy and should be treated by a direct sur-
gical approach (see following).

4 7 6 CHAPTER 36



VEIN STRIPPING

Varicose veins not suitable for treatment by injection scle-
rotherapy may be treated by surgical removal. Branch vari-
cosities are treated by the so-called stab-avulsion technique.
In this technique, 2-mm incisions are made directly over
branch varicosities, and the varicosity is teased away from
surrounding subcutaneous tissue so far proximally and dis-
tally as possible through the small incision. The vein is then
avulsed and no attempt is made to ligate the vessel. If the pa-
tient has significant greater saphenous reflux, the greater
saphenous vein should also be removed. Surgical removal of
varicose veins is very well tolerated and effective.

PERFORATOR LIGATION

Incompetence of the perforating veins connecting the super-
ficial and deep venous systems of the lower extremities may
play a role in the development of venous ulceration.102–105

Ligation of these perforating veins for treatment of CVI,105

however, had a high incidence of wound complications. In
addition, isolated perforating vein incompetence is uncom-
mon. A newer technique, subfascial endoscopic perforator
vein surgery (SEPS), has evolved with the advent of the en-
doscope and may cause this strategy to be revisited.

VENOUS RECONSTRUCTION

In the absence of deep venous valvular incompetence, saphe-
nous vein stripping and perforator ligation can be effective in
treating CVI. However, in patients with a combination of su-
perficial and deep venous valvular incompetence, the addi-
tion of deep venous valve correction improved the ulcer heal-
ing rate from 43% (14 of 33) to 79% (34 of 43) during an
average 43 months of follow-up.106

Numerous techniques of deep venous valve correction ex-
ist for treatment of CVI. These techniques consist of repair
of existing valves, transplant of venous segments from the
arm, and transposition of an incompetent vein onto an adja-
cent competent vein. Success rates range from 40%–80% de-
pending on the nature of the disease and the procedure per-
formed.
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37

Vascular Trauma
Paul E. Bankey

Vascular Trauma Priorities

The priorities in the management of the patient with vascu-
lar trauma are to treat immediately life-threatening injuries
by maintaining a patient airway, supporting respiration,
restoring circulation, and evaluating neurological disability.
Many types of vascular injuries require a multidisciplinary
approach with treatment from orthopedic surgeons for con-
current fracture management, plastic surgeons for wound cov-
erage, interventional radiologists for diagnosis and endovas-
cular management, and cardiac or neurosurgeons for selected
types of injuries. It is critical that the trauma vascular sur-
geon maintains control of the patient and establishes the pri-
orities during the evaluation and treatment.

Pathology

Two large series of vascular injuries from urban trauma cen-
ters indicate that the most common injury mechanism is pen-
etrating, with about 50% of the injuries as a result of gun-
shot wounds.1,2 Extremities are the most frequently injured
site with a roughly equal distribution between the arms and
legs. The abdomen is the next most common site of injury,
with visceral vessels injured most frequently. Combined, the
incidence of chest and abdominal vascular injuries makes up
about 45% of the total and is equal to the number of ex-
tremity injuries.

Arteries and veins may be injured in several ways, each
with different clinical manifestations and consequences (Fig.
37.1). Laceration and transection account for the majority of
injuries, with incomplete transections hemorrhaging to a
greater extent than complete transections because the vessel
cannot spasm and retract to the same degree to reduce blood
loss. Pseudoaneurysms, arteriovenous fistula, and intimal dis-
ruption or flaps may result from penetrating or blunt mech-
anisms of injury. These injuries may manifest in a variety of
ways clinically: exsanguination and hemorrhagic shock; com-
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plete thrombosis and distal ischemia; compression of adja-
cent structures and compartment syndrome; partial throm-
bus formation and distal embolization; or, infrequently,
chronic arterial or venous insufficiency.

Interruption of arterial flow produces regional ischemia
in the organ or extremity distal to the injury. Tissues vary in
their tolerance to reduced arterial flow and irreversible is-
chemic damage. Nerves are extremely sensitive to ischemia
whereas skeletal muscle is relatively tolerant of reduced ar-
terial flow. Muscle that has been ischemic for 4 h may demon-
strate no histological changes; however, restoration of flow is
uniformly associated with a reperfusion injury that exacer-
bates the insult to local tissues and can produce systemic in-
flammation, acute lung injury, and renal failure.

Prolonged ischemia without collateral flow will cause
muscle necrosis or rhabdomyolysis with the release of potas-
sium and myoglobin into the circulation. Reperfusion exac-
erbates muscle injury3 (Fig. 37.2). Myoglobin is filtered in the
kidney and can precipitate in the tubules, resulting in acute
renal failure. Maintaining high urine output, which flushes
the pigment from the tubules (that is, more than 100 ml/h),
using osmotic or loop diuretics prevents precipitation. Alka-
lization of the urine by adding sodium bicarbonate to the re-
suscitation fluids also helps prevent precipitation of myoglo-
bin in the tubules.

Evaluation

History and Physical Exam

The mechanism of injury and a history derived from prehos-
pital personnel provide valuable information. Historical clues
that raise suspicion of vascular injury include the report of
extensive blood loss at the scene or during transport, bleed-
ing from a puncture site that is either bright red or dark, and
head-on vehicular collision with deformation of the steering
wheel, which is associated with cardiac and thoracic aortic



FIGURE 37.2.  Clinical and metabolic effects of muscle ischemia-
reperfusion after vascular trauma. (From Haimovici H, ed. Vascular
Surgery. Norwalk: Appleton & Lange, 1989, with permission.3)

FIGURE 37.1.  Types of vascular trauma pathology. Each injury may
manifest clinically in a variety of ways. (From Shackford SR, Rich NH.1) 

injury. Falls from significant height can result in aortic or re-
nal artery intimal tear, ligamentous instability of the knee
(with a posterior knee dislocation is associated with popliteal
vascular injury, and supracondylar fractures of the humerous,
are associated with brachial arterial injuries, especially in the
pediatric population.

Physical findings indicating vascular injury have been cat-
egorized as hard signs or soft signs4 (Table 37.1). Before this
designation, recommendations from most major trauma cen-
ters dealing with penetrating injuries were for the routine ex-
ploration of all vessels in anatomic proximity to the wound.
Subsequent reports indicated that this approach resulted in a
low diagnostic yield.5,6

Based on the mechanism, history, and physical findings,
further observation, immediate operation, or additional diag-
nostic tests may be appropriate. In general, patients with hard
signs of vascular injury do not require preoperative arteriog-
raphy. In fact, formal arteriography may delay restoration of
flow in a marginally perfused extremity, leading to irreversible
ischemia. Patients with hard signs should be taken directly to
the operating room for exploration and definitive treatment.

Possible exceptions to this recommendation are when an-
giography is critical for incision planning, such as in zone 1
of the neck, or when definitive therapy can be provided via
interventional techniques with a high degree of success.

Interventional angiography is the preferred procedure in se-
lected vascular injuries where surgical intervention is exces-
sively hazardous, such as pelvic fracture, or technically diffi-
cult, such as vertebral artery injury.7 Interventional angiography
also allows the placement of intravascular stents that show
promise in the treatment of certain arterial injuries.8 Occa-
sionally, angiography assists in the retrieval of foreign bodies,
usually intracardiac or intravascular bullets and fragments.9

Arteriography

Arteriography to exclude vascular injury is highly reliable,
with a sensitivity of 97% to 100%, specificity of 90% to 98%,
and accuracy of 92% to 98%.10 However, false positives are
reported at 2% to 8%, and the procedure is invasive with an
incidence of serious complication such as occlusion or
pseudoaneurysm reported as 0.6%.11 A formal arteriogram
even in the best of centers takes a minimum of 2 h to com-
plete, and this time factor must be considered in the overall
management of the patient’s injuries.

The use of digital subtraction angiography (DSA) reduces
time, cost, and contrast medium requirements.12 This tech-
nique uses computerized subtraction and enhancement of the
image after arterial injection; however, motion artifacts may
limit subtraction enhancements and concurrent injuries may
prevent use of paralytic agents.

The most common soft sign of vascular injury is a pene-
trating wound in proximity to an artery in an otherwise
asymptomatic patient. Proximity is defined as any wound or
missile track located within 1 to 5 cm of a major vessel and
excludes patients with pulse deficit, bruit, thrill, history of ar-
terial hemorrhage, fracture, large soft tissue deficit, or neuro-
logical finding. The workup of penetrating injuries requires
the complete evaluation of the tract of the missile with plain
films, including areas not amenable to physical examination
even in asymptomatic patients. A bullet’s path can be altered
by direct contact, temporary cavitation, and fragmentation
such that a straight line cannot be assumed and vascular struc-
tures may be at risk. Stab wound tracts and impaled objects
are frequently in proximity to vascular structures.13 Despite
these risks, proximity as the only indication for arteriography
in otherwise asymptomatic patients has a low yield of clini-
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TABLE 37.1. Physical Findings Indicating Vascular Injury.

Hard signs Soft signs

Absent distal pulse
Obvious arterial bleeding
Expanding or pulsatile hematoma
Bruit or thrill at injury
Six P’s of vascular injury:

Pulselessness
Pallor
Pain
Poikilothermia
Paresthesia
Paralysis

Source: Adapted from Mattox et al.2

Proximity of injury to artery
History of arterial bleeding

at scene of accident
Diminished distal pulse
Small nonpulsatile hematoma
Questionable neurological 

deficit
Fracture
Knee dislocation



FIGURE 37.3.  Diagnostic approach for extremity vascular injury.
Physical exam, noninvasive testing, and arteriography each con-
tribute to the evaluation. ABI, ankle-brachial index.

cally significant injury. This approach is not cost effective in
screening patients without additional clinical signs of injury
and should no longer be the only indication for arteriography.
Careful physical examination has now replaced both surgery
andangiography in the asymptomatic patient with a solitary
penetrating injury to the extremity distal to the axilla or
groin.14–16 Current recommendations are for all shotgun
wounds and multiple penetrating injuries to extremities to 
be evaluated by angiography even if asymptomatic.

Noninvasive Studies

Noninvasive vascular assessment using ultrasonic Doppler
signals or duplex ultrasonography is another useful diagnos-
tic approach in the patient with soft signs of vascular injury.
These modalities have reported high sensitivities in the de-
tection of vascular injury, making them useful for the low
prevalence of significant injury in this group of patients.17

Evaluation of Doppler signals with a handheld ultrasonic flow
detector can be performed in the trauma resuscitation bay.
Absence of flow confirms a hard sign of injury and the ne-
cessity for operative intervention. Triphasic signals are reas-
suring that no significant obstruction is present, whereas a
monophasic signal suggests an obstruction requiring further
evaluation. A Doppler-derived ankle-brachial index (ABI) or
arterial pressure index (API) has been proposed as a noninva-
sive approach to screen and triage patients with soft signs of
injury to arteriography. The technique is limited in patients
with preexisting peripheral vascular disease and when injuries
are present at the wrist, ankle, or bilaterally. Another limi-
tation is that pressure determinations are successful in iden-
tifying obstruction secondary to injury; however, significant
vascular injuries such as intimal flaps or pseudoaneurysms
may not present with obstruction initially. Even so, this tech-
nique has been reported as sensitive and cost effective.18

Duplex ultrasonography combines real-time ultrasound
imaging with a Doppler flow detector. Its sensitivity, speci-
ficity, and accuracy compare favorably with arteriography
(Table 37.2). On the down side, duplex scanning presents lo-
gistical and resource considerations. The technology is so-
phisticated and requires skill in operation and interpretation
that may not always be immediately available.

Other diagnostic modalities may be considered in the
evaluation of vascular injury. Plain film radiography is still
the best way to visualize the skeleton during initial evalua-

tion and is the mainstay for diagnosing associated orthopedic
injuries. It is also useful for identification of retained foreign
bodies such as missiles. The utility of plain films in vascular
trauma is limited because of the high rate of false-positive
and false-negative findings. The advent of helical and spiral
computed tomography (CT) has greatly enhanced the resolu-
tion, speed of acquisition, and ability to reconstruct and ma-
nipulate images, including three-dimensional (3-D) vascular
images.19 The role of CT angiography in the setting of trauma
is uncertain. From an imaging viewpoint, CT angiography can
produce images sharp enough to allow diagnosis of vascular
injury. However, CT does not allow intervention such as the
ability to control or prevent hemorrhage with embolization
or balloon deployment or treatment of injuries such as the
placement of endovascular stents. Magnetic resonance imag-
ing (MRI) is rapidly evolving but at the current time its ap-
plications to vascular trauma are limited.

A summary of a recommended approach for the evalua-
tion of vascular injury primarily for extremity trauma is
shown in Figure 37.3.

Management

Vascular Control

The operative management of all types of vascular injury has
common elements. The immediate requirement is to stop
bleeding. A firm compression bandage over the site of injury
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TABLE 37.2.

Experience with Duplex Scanning in Trauma.

Total
Authors patients Sensitivity Specificity Accuracy

Bynoe et al. 198 95 99 98
199168 (20 injuries)

Fry et al. 175 100 97 97
199369 (18 injuries)

Bergstein et al. 67 50 99 96
199270 (4 injuries)

Knudson et al. 77 100 100 100
199371 (4 injuries)



is helpful, but direct digital compression of the bleeding point
is most effective. Tourniquet control of hemorrhage is rarely
indicated and increases the risk of ischemic necrosis. The
blind placement of clamps within a wound for hemostasis
should also be avoided as these frequently exacerbate the in-
jury or cause additional damage. Penetrating wounds in prox-
imity to vessels should not be probed. Removing the clot on
a vessel can turn a temporized, stable condition to an unsta-
ble, emergency situation.

The operative management of vascular trauma requires a
generous incision to gain control proximally and distally of
the injured vessel. The preparation of skin and draping of the
patient should also be generous and include preparation for a
number of contingencies. The vascular trauma patient must
be prepped to allow rapid exposure to the chest and abdomen
for resuscitation or control of inflow, harvest of autologous
vein from an uninjured extremity to serve as a conduit, and
direct observation of the distal hand or foot to assess pulses
during the operation. In addition, the preparation and draping
must allow the ability to perform intraoperative angiograms
for diagnosis and assessment of reconstruction and fas-
ciotomies in the setting of a compartment syndrome. Wounds
with vascular injuries in the neck or groin at times require a
sternotomy or laparotomy for proximal control and these are
best planned for and performed at the outset of the operation.

Although achieving proximal and distal control of the in-
jury is ideal before exposing the vascular injury, this is not prac-
tical when there is ongoing hemorrhage. In this situation the
initial maneuver is isolation of the injury with more generous
proximal and distal control for repair performed after control.

A variety of autotransfusion devices have been developed
for use in the operating room. This device may be applied to
many types of vascular injury as well as blood loss from a he-
mothorax, mediastinal hemorrhage, or nonenteric-contami-
nated abdominal hemorrhage. Care must be used to make
sure the patient does not become coagulopathic as a result of
heparin in the system. Gastrointestinal injuries contraindi-
cate the use of autotransfusion.

Reconstruction

A bloodless, dry vascular field is achieved in preparation for
repair by the application of specially designed noncrushing
vascular occluding clamps. Clamps of appropriate size and an-
gle are applied to provide an unobstructed field with enough
pressure to stop bleeding. Vascular control may also be
achieved with the placement of Fogarty-type balloon cath-
eters into the open end of the vessel or injury.

The preferred method of arterial reconstruction is an end-
to-end anastomosis. Lateral arteriorrhaphy may be appropri-
ate for small puncture wounds or small lacerations from a
knife wound. Constriction at the site of lateral arteriorrha-
phy may be prevented with an autologous vein patch. The
damaged vessel must be sharply debrided and contused seg-
ments excised if the intima is damaged. Additional vessels
may have to be mobilized to accomplish a tension-free repair.

Depending on the size and location of the artery involved,
a number of conduits both autologous and synthetic have
been utilized to bridge the gap when an end-to-end anasto-
mosis without tension cannot be performed. Popular substi-
tute conduits for an interposition graft include Dacron tube
grafts, polytetrafluroethylene (PTFE), and autogenous saphe-
nous vein. Autologous greater saphenous vein from an unin-

jured lower extremity has been used successfully for many
years and remains the conduit of choice for extremity trauma
or vessels less than 6 mm in diameter.20,21

The majority of vascular repairs after trauma can be per-
formed with local heparin rather than systemic hepariniza-
tion. Systemic heparin may be contraindicated with con-
comitant injuries or coagulopathy. It is important to include
a completion angiogram which should include the area of
clamp application, anastomosis, and distal circulation to iden-
tify spasm, narrowing, clot, and additional injury.

Wound Management

Vascular repairs should be covered at the initial operation to
prevent desiccation and infection, which cause thrombosis or
anastomotic breakdown. Debridement of devitalized tissue
and foreign material are important components of preventing
late complications after a successful revascularization. Copi-
ous irrigation of the wound with a pulsatile, low-pressure
spray reduces bacterial counts and should be standard to
wound management.

Antibiotics should be administered parenterally and
started as soon as possible after trauma has occurred. Tetanus
and diphtheria toxoid or tetanus immunoglobulin should be
administered as indicated. The ideal duration of antibiotic
therapy in wounds with vascular injury has not been estab-
lished, but administration for a minimum of 24 h would ap-
pear appropriate. Irrigation of the wound with antibiotic-
containing lavage has been reported but has not been studied
to determine if it reduces wound or graft infection rates.

Tissue coverage of the vascular reconstruction can usually
be achieved by mobilization of adjacent soft tissue. In large
tissue defects, a transposed muscle flap or free tissue transfer
may be required.22 Another option is an extraanatomical by-
pass to avoid the wound. Drains should be avoided near a vas-
cular repair as it may erode into or infect the anastomosis.

Use of Shunts

Rapid restoration of perfusion distal to a vascular injury is
even more critical in complex wounds, in major orthopedic
injuries, and in the patient in shock from multiple injuries.
Occasionally, definitive treatment of the vascular injury, or-
thopedic injury, and wound or soft tissue injury will com-
promise the patient’s survival because of concurrent injuries
and systemic acidosis, hypothermia, and coagulopathy. In
these cases, the placement of a temporary intraluminal shunt
in the injured artery has restored perfusion and allowed re-
suscitation of the patient. The placement of a shunt also al-
lows a more controlled evaluation and treatment of orthope-
dic and soft tissue injuries without ongoing ischemia.23

Observation of Injuries

Clinical and experimental evidence exists suggesting that an-
giographically identified arterial lesions in patent vessels can
heal without surgical intervention.24,25 The natural history of
intimal injury in a patent vessel is not clearly known, and the
incidence of progression to thrombosis or becoming a source
of distal embolization is unknown. The selective use of non-
operative observation and serial follow-up has been applied to
angiographically documented intimal flaps, segmental arterial
narrowing, and pseudoaneurysms. Although arteriovenous fis-
tulas have been reported to close spontaneously, significant
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late sequelae including edema of the extremity, cutaneous ul-
ceration, and high-output congestive heart failure have been
reported, making them less optimal for observation.26,27

The observational management of clinically occult seg-
mental narrowing, intimal flap, or pseudoaneurysm is safe pro-
vided the patients have close follow-up until complete reso-
lution. A smaller percentage of patients with these findings
will progress to symptomatic vascular problems even several
years later.28 As many as 61% will go on to complete resolu-
tion and 18% will progress to requiring surgery at some time
in the future. The ideal criteria for observational management
include intact distal circulation, a complaint patient willing
to participate in regular follow-up, small lesion on angiogram
(�5 mm), a low-velocity injury such as a stab wound, and an
injury in a vessel difficult to expose or control such as the ver-
tebral artery. It is imperative that the treating surgeon direct
the plan of management and be familiar with the initial an-
giogram interpretation, duplex examinations in follow-up, and
decisions for endovascular or antiplatelet therapies.

Endovascular Approaches

Endovascular treatment of vascular trauma includes the
placement of embolization coils and intravascular stents or the
employment of stented grafts.29–31 The potential advantages
include decreased blood loss, less invasive insertion procedure,
reduced anesthesia requirements, and limited need for an ex-
tensive dissection in a traumatic wound. This approach is ap-
pealing in the critically ill trauma victim. Initial reports are
encouraging for patency; however, documentation of longer-
term effectiveness must be obtained before generalized use can
be recommended32–35 (Table 37.3). In a review of 15 cases there
was 100% patency with follow-up from 2 months to 1 year.

Issues Based on Location of Injury

Cervical Vascular Injury

The neck is commonly divided into three anatomical areas
as an aid to workup and operative planning. Zone I is the tho-
racic outlet extending from clavicle/sternal notch to cricoid
cartilage. Injuries here usually require proximal control

through the chest via a sternotomy or thoracotomy. Zone II
is from cricoid to angle of mandible and is the easiest region
to expose surgically. Zone III is above the angle of the
mandible to the base of the skull and a much more difficult
area for exposure of the carotid or vertebral artery.

In stable patients with penetrating neck injury, the
selective workup of injuries has gained popularity by virtue
of its safety and cost-effectiveness.36,37 Angiography is of the
greatest value in assessing possible injuries to the vertebral
arteries and trauma in zones I and III.38 In zone II, physical
examination resulted in a 0.9% (1/110) missed injury rate,
similar to that of angiography. Clinical evaluation is highly
accurate in determining which patients with zone II injuries
need surgical intervention; however, there is a significant in-
cidence of occult, asymptomatic vascular injuries.39,40

The vast majority of carotid artery injuries are from pen-
etrating trauma. Exposure of the carotid in zones II and III is
through an incision anterior to the sternocleidomastoid mus-
cle from the angle of the mandible to just above the clavicle.
Injuries at the thoracic outlet are approached via a median
sternotomy and ipsilateral anterior neck incision.

The technical aspects of reconstruction of carotid injuries
follow the same principles as other vascular injuries. For
carotid injuries that require an interposition graft, mobiliza-
tion of the external carotid artery and for an autologous con-
duit has been used successfully.41

The incidence of carotid injury after blunt trauma is small
(0.08%–0.86%); however, the neurological consequences can
be devastating.42 Most injuries are identified only after neu-
rological events or when the brain CT scan does not corre-
late with the patient’s neurological exam. Currently, the
mainstay of therapy is anticoagulation to prevent clot prop-
agation and embolic stroke.

Vertebral artery injuries have been diagnosed with in-
creasing frequency with the more liberal use of helical scan-
ning, MRI, and arteriography. Ligation of the vessel is read-
ily accomplished proximally at its takeoff from the subclavian
artery. Before ligation, the contralateral vertebral artery and
circle of Willis should be studied by arteriography to assure
collateral circulation. Therapeutic embolization of the verte-
bral artery may also be used to control bleeding or treat other
injuries at the time of arteriography.

Thoracic Vascular Injuries

Injuries to vessels at the base of the neck or thoracic outlet re-
quire aggressive management and many necessitate emergency
thoracotomy for definitive treatment in the unstable patient.
Vessels at risk include the innominate artery, proximal carotid
arteries, subclavian arteries, aortic arch, superior vena cava, in-
nominate vein, and azygos vein. A critical decision in the man-
agement of injuries in this region is performance of an appro-
priate incision (Fig. 37.4). A preoperative arteriogram can assist
in incision planning if the patient is stable. The proximal right
subclavian, proximal left common carotid, and innominate
artery and vein can be exposed through a median sternotomy.43

The distal right subclavian and distal left subclavian arteries
can be exposed supraclavicularly. The proximal left subclavian
requires a trapdoor incision, a supraclavicular incision with
subperiosteal removal of the middle one-third of the clavicle,
or a formal left thoracotomy. Clavicular resection has the ad-
vantages of being extracavitary and resulting in minimal se-
quelae provided a subperiosteal resection is performed for re-
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TABLE 37.3.

Endovascular Stents in Arterial and Venous Trauma.

Patency
Author Patients Location (%) Follow-up

Marin et al. 7 Varied 100 6.5 months
199432

Duke et al. 6 Carotid 100
199733

Goodman et al. 1 Renal 100 9 months
199834

Denton et al. 1 Vena cava 100 2 months
199735

Babatasi et al. 1 Subclavian 100 1 year
199872

Total 15 100



FIGURE 37.5.  Diagnostic imaging approach to the patient with pos-
sible thoracic aortic injury. Chest CT scan implies helical scanner
with experienced physician available for interpretation.

FIGURE 37.4.  Incision options for the exposure of thoracic vascular
injuries. Not shown is the posterolateral thoracotomy used for de-
scending aortic injury. (From Mattox K. Vascular trauma. In:
Haimovici H., ed. Vascular Surgery. Norwalk: Appleton & Lange,
1989, with permission.4)

generation; however, it may not provide adequate proximal ex-
posure in all injuries.44

Most patients with major vascular injuries of the base of
the neck or thoracic outlet die before arrival at the hospital
(71%). For those patients in whom operative intervention is
attempted, median sternotomy with cervical extension is the
incision of choice.

Thoracic Aortic Injury

Blunt thoracic aortic injury is a highly lethal injury that may
present with no external signs of injury in up to 50% of cases.4

The mechanism of injury may provide information to
heighten awareness to the existence of this injury. Acute de-
celeration injuries result in shear and bending stress that tear
the aorta at the isthmus. Most commonly this occurs fol-
lowing head-on motor vehicle collisions, especially if there
is associated ejection or associated fatalities. Falls from height
are also the type of mechanism to result in this injury; 
however, the distance cannot be quantified that assures risk.
Physical signs of chest trauma, sternal and scapular fractures,
supraclavicular bruit, diminished femoral pulses, or upper-
extremity hypertension are suggestive of aortic injury. Death
occurs immediately in 80% to 90% of victims and within 
24 h in 30% of those who survive the initial injury.45 A di-
agnostic approach is suggested in Figure 37.5.

A portable anteroposterior 40-in. chest radiograph in the
trauma bay is the first study to assist in the diagnosis. The
most reliable sign is loss of the aortic knob.46 A widened me-
diastinum (�8 cm) has a sensitivity of 90% but a very low
specificity. Chest X-ray findings associated with aortic tear
are listed in Table 37.4. Cases of aortic injury have been doc-
umented in the setting of a normal initial chest film so that
with the appropriate mechanism one should not be reluctant
to pursue additional diagnostic workup.

The standard examination for the diagnosis of blunt in-
jury to the aorta is aortography. Oblique views are used to

identify intimal flap, subadvential hematoma, or false aneu-
rysm. False-positive studies occur in 2% of studies.47

Recent literature supports the use of contrast-enhanced
spiral or helical CT as a screening test for the diagnosis of
thoracic aortic injury.48 Diagnosis of aortic injury is based on
the findings of mediastinal hematoma or direct aortic abnor-
mality such as pseudoaneurysm, irregular border, intimal flap,
or pseudocoarctation.

Transesophageal echocardiography (TEE) has also been
used as a screening modality for the presence of aortic injury.
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TABLE 37.4. Radiologic Signs Suggesting Aortic Rupture.

1. Transverse width of the mediastinum at the aortic knob equal
to 8 cm or greater

2. Mediastinal-to-chest-width (M-C) ratio greater than 0.25 at the
level of the aortic arch

3. Abnormality of the aortic contour
4. Aortopulmonary window opacification
5. Deviation of an opaque nasogastric tube to the right of the

spinous process of T4
6. Deviation of the trachea or endotracheal tube to the right of

midline
7. Depression of the left mainstem bronchus greater than 40°

below the horizontal
8. Widening of the right paratracheal stripe to 5 mm or greater
9. Widening of the right or left paraspinal line

10. Right or left apical cap
11. The presence of left hemothorax, without associated rib 

fractures

Source: Reprinted from Pezzella et al. Injuries of the thoracic aorta and great
vessels. In: Current Problems in Surgery: Cardiothoracic Trauma. St. Louis:
Mosby, 1998, with permission.45



It is a more rapid, less expensive test than aortography; how-
ever, it is extremely dependent on the skill of the person op-
erating the equipment. In many institutions these are cardi-
ologists, although recently trauma surgeons have taken more
interest in hands-on ultrasound techniques. In recent reports,
the sensitivity of this technique has ranged from 63–91%. An
additional advantage of TEE is the ability to perform the exam
in the trauma resuscitation bay or in the operating room while
the patient is undergoing other procedures.49 The neck should
be cleared of cervical spine injury before the study.

Once the diagnosis is made, emergency operation is man-
dated with few exceptions. Before surgical intervention, med-
ical management to control hypertension and shearing forces
can successfully temporize the patient for confirmation of the
diagnosis and tolerance for the thoracotomy.50

Approximately 15% of injuries observed at operation can
be successfully managed with primary repair, but the major-
ity of injuries require an interposition graft. In a meta-
analysis of patients with aortic injury arriving at the hospital
alive, overall mortality was 32%, one-third died before surgi-
cal intervention, and among those reaching the OR in rela-
tively stable condition, 9.9% were complicated by paraplegia.

Abdominal Vascular Injuries

Penetrating truncal wounds from the nipples to the upper
thighs are the most common cause of abdominal vascular in-
juries, with the vessel injured related to the track of the mis-
sile or stab. Less commonly blunt injuries associated with a
direct crush, posterior blow to spine, or rapid deceleration
with avulsion result in major abdominal vascular injuries.51

Physical findings may be obvious with peritoneal signs and
shock or much more subtle. Femoral pulse deficits suggest
major vascular injury in the abdomen. A plain abdominal 
X-ray should be performed in all penetrating injuries along
the missile or knife tract.

Patients are explored through a midline incision, and in-
spection for areas of hematoma and active hemorrhage is per-
formed with packing as needed for hemostasis. The finding
of black small intestine on opening the abdomen is diagnos-
tic of a proximal superior mesenteric artery injury.52 Fre-
quently there is associated gastrointestinal perforation and
soilage of the abdomen with bowel contents. These entero-
tomies should be controlled with clamps and an assessment
for ongoing hemorrhage and the presence of a major vascular
injury performed before bowel repair.

Hematoma or hemorrhage associated with abdominal vas-
cular injury occurs in the following regions: midline superior
to the mesocolon, midline inferior to the mesocolon, perire-
nal, pelvic, and subhepatic or porta hepatitis. With appropri-
ate visceral mobilization, aortic, caval, or other vascular con-
trol can be achieved accordingly. Damage may be controlled
by repair, interposition grafting, shunting, or ligation as
needed (Table 37.5).

Extremity Vascular Trauma

Upper-extremity vascular injuries are equally as common as
lower-extremity vascular injuries. Injuries to the brachial
artery are the most commonly reported upper-extremity in-
jury. Upper-extremity limb loss is the exception unless there
is associated major nervous and soft tissue injury. General

principles are followed in approaching these injuries. Docu-
mentation of hand function is critical preoperatively, includ-
ing examination of all major nerves. Functional outcome is
more dependent on the associated nerve injuries than the vas-
cular injury.53,54 Isolated injuries to the radial or ulnar artery
are best managed with ligation unless the hand shows signs
of inadequate perfusion. Patency following repair of the ra-
dial or ulnar artery is only 50%, and the collateral flow
through the palmar arches is satisfactory in more than 90%
of individuals.55,56

The incidence of associated nerve injury is lower in vas-
cular injuries to the legs. In a series of patients with femoral
vascular injuries, the amputation rate was only 4.7% how-
ever, only 74% of the patients reported normal or good limb
function, indicating a significant number of patients with
morbidity caused by soft tissue, venous, bone, or nerve dys-
function despite a viable lower extremity. Patients with ve-
nous injuries treated with repair had a higher incidence of sig-
nificant morbidity (34%) than those treated with venous
ligation.57

The incidence of amputation after popliteal artery injury
ranges from 10% to 25%.58 When hard signs of injury such
as severe ischemia are present, arteriography in the radiology
department should not be performed as it delays restoration
of perfusion and contributes to limb loss. Early aggressive
monitoring for repair thrombosis such as with duplex ultra-
sonography should be done because delayed recognition of
thrombosis can lead to amputation. A low threshold for per-
formance of a prophylactic fasciotomy should be practiced
and compartment pressures closely monitored. In the setting
of a repair of the popliteal artery and vein together or delayed
arterial repair, a fasciotomy is highly recommended.

Knee dislocation is associated with an increased incidence
(23%) of popliteal vascular injury. Clinical evaluation with
ABI and noninvasive testing with a duplex ultrasound is ad-
equate to diagnose significant injuries. Arteriography is rec-
ommended on a selective basis with the majority of patients
diagnosed with early duplex ultrasonography and managed
with close follow-up.

In injuries below the knee, amputation is rare. Significant
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TABLE 37.5. Location and Survival after Abdominal 
Vascular Injuries.

Site of hematoma Survival rate
or hemorrhage Injury (%)

Supramesocolic Aorta/celiac axis 35
Supramesocolic Superior mesenteric artery 57
Supramesocolic Proximal renal artery 86
Inframesocolic Aorta 45
Inframesocolic Supra- or renal inferior 59

vena cava
Infrarenal vena cava 77

Lateral perirenal Renal artery or vein 86–88
Pelvic Iliac artery 61–80

Iliac vein 70–90
Portal Hepatic artery No data

Portal vein 50
Retrohepatic Vena cava 20–40

Source: Adapted from Feliciano D. Injuries to the Great Vessels of the Ab-
domen. In: Scientific American Surgery, 1998–1999. New York: Scientific
American, Inc., by permission.



FIGURE 37.6.  Cross section of calf shows location of neurovascular
bundles and four fascial compartments: anterior, lateral, superficial
posterior, deep posterior. (From Haimovici H. The lower extremity.
In: Haimovici, ed. Vascular Surgery. Norwalk: Appleton & Lange,
1989, with permission.)

morbidity does occur from hemorrhage, compartment syn-
drome, and associated nerve or bone injury.

A small group of patients present with a “mangled ex-
tremity” from the combination of an open, comminuted frac-
ture, large soft tissue loss, vascular injury, and nerve injury.
Crush injuries, industrial or farm accidents, or close-range
shotgun wounds are reported mechanisms. These combined
injuries require a multidisciplinary approach with an ortho-
pedic surgeon and a plastic and reconstructive surgeon. The
central problem is that despite the technology to revascu-
larize and reconstruct the limb, late or secondary amputa-
tion rates remain very high. The high amputation rate is the
result of prolonged functional impairment, infection, or
nerve deficits.59 The time to achieve a functional outcome
may take months to more than a year in many of these types
of cases.

The goal in the management of patients with a mangled
extremity is to define the patient population that is best
served by primary or immediate amputation and those best
served by salvage and reconstruction. Compounding the prob-
lem is that patients are very reluctant to accept amputation
under any circumstances.

Extremity injury severity scores have been developed to
help provide objective criteria for the decision to perform an
amputation. The MESS or Mangled Extremity Severity Score
is one such score; it is based on skeletal/soft tissue damage,
limb ischemia, shock, and age (Table 37.6).

Compartment Syndrome

Extremity musculature is divided into distinct groups or com-
partments by a tough layer of noncompliant fascia (Fig. 37.6).
A compartment syndrome occurs when there is increased in-
terstitial pressure within a myofascial compartment that
compromises capillary perfusion and neurological function.
The pressure may be the result of edema from fluid resusci-
tation, muscle swelling from an ischemia-reperfusion insult,
or direct hemorrhage into the compartment. Unrecognized
compartment syndromes lead to nerve destruction and mus-

cle necrosis that result in limb loss, myoglobinuria, acute re-
nal failure, and adult respiratory distress syndrome.

Normal capillary pressures are 15 to 25 mmHg, and
normal compartment pressure is less than 10 mmHg.60

Complete cessation of tissue perfusion in extremities has
been documented when compartment pressure exceeds 35
mmHg in the calf; this is well below mean arterial pressure
and indicates that cell death from lack of perfusion can oc-
cur in compartment syndrome despite the presence of palpa-
ble pulses. Anaerobic metabolism starts when the gradient
between mean arterial pressure and compartmental pressure
is reduced to less than 40 mmHg in traumatized muscle.61

Ischemic neuronal injury is evident after only 15 min of anaer-
obic metabolism; however, if perfusion is restored the changes
are entirely reversible. Irreversible damage to nerves and mus-
cles occurs within 4 to 6 h of ischemia.

Compartment syndromes can occur in the buttock,62

thigh, calf, forearm, hand, and foot. The calf is most frequently
involved because of the lack of compliancy of the fascia. The
diagnosis of compartment syndrome can be made clinically.
The physical findings are pain, tenderness, hypoesthesia,
weakness, and a tense compartment. Passive stretch of the
compartment muscles produces pain out of proportion to the
situation. Hypoesthesia in the interdigit space between the
first and second toes is an early finding of an anterior com-
partment syndrome associated with dysfunction of the deep
peroneal nerve. The diagnosis is more difficult in the sedated
or unconscious patient because clinical signs may be absent.

Direct measurement of compartment pressures is the
most practical and widely used diagnostic test. A straight-
forward technique is to use the strain gauge transducer-
amplifier that is used to measure arterial pressure in the in-
tensive care unit. The transducer is attached to noncompli-
ant tubing and a 20-gauge needle in a closed system. The nee-
dle is directly passed into the compartment through prepped
and anesthetized skin. Care must be taken to measure pres-
sures in all four compartments in the calf, including the deep
posterior compartment, which can easily be missed (see Fig.
37.6). Measured pressures less than 30 mmHg are unlikely to
produce neuromuscular injury and can be observed. Fas-
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TABLE 37.6. MESS: Mangled Extremity Severity Score.

Diagnosis Points

Skeletal/soft tissue injury
Low-energy (stab, simple fracture) 1
Medium energy (open/multiple fracture) 2
High energy (shotgun or crush) 3

Limb ischemia
Reduced pulse but normal perfusion 1a

Pulseless, parasthesias 2a

Cool, paralyzed, insensate 3a

Shock
Blood pressure always �90 0
Hypotensive transiently 1
Persistent hypotension 2

Age (years)
�30 0
�30 but �50 1
�50 2

Sum individual diagnoses for MESS; MESS �7 suggests amputation.
aScore is doubled for ischemia �6 h.

Source: Johansen J, Daines M, Howley T, et al. J Trauma, 1990.73



ciotomy should be performed for compartment pressures
greater than 35 to 40 mmHg, although some have advocated
even higher pressures.63

Fasciotomy of the calf is performed using either of two
techniques. All four compartments must be decompressed.
Fibulectomy accomplishes this through a single lateral inci-
sion and is associated with no long-term morbidity. It is an
extensive dissection that puts the peroneal artery and veins
at risk. A two-incision, four-compartment fasciotomy also ac-
complishes the decompression and is used most frequently
(Fig. 37.7). A long anteriolateral incision is made 2 cm ante-
rior to the shaft of the fibula to open the anterior and lateral
compartments. A second long posteromedial incision is made
2 cm posterior to the tibia to decompress the superficial and
deep posterior compartments. The thigh contains three com-
partments and the forearm two compartments. At the time
of fasciotomy nonviable muscle should be debrided, and tis-
sue that is questionable be reinspected in the operating room
24 h later. A high index of suspicion is required to avoid the
devastating consequences of this entirely preventable prob-
lem. Liberal use of prophylactic fasciotomy is recommended

in the trauma population with vascular injuries and concur-
rent injuries that distract from the clinical evaluation of the
leg.

Venous Injuries

The true incidence of venous injuries in the extremities is
unknown because workup of extremity vascular injury fo-
cuses on arterial injury and literature on venous trauma ex-
amines primarily the patient population with concurrent ar-
terial injury. Furthermore, there is little documentation of
adverse consequences of a missed isolated venous injury.64

Venous injuries encountered during exploration for arter-
ial injury should be repaired unless repair will delay treat-
ment of associated injuries or destabilize the patient’s condi-
tion. Repair provides the theoretical advantages of decreased
soft tissue bleeding, improved patency of the arterial repair,
and reduced severity of postphlebitic syndrome.65 Despite
this recommendation, there are equal clinical and retrospec-
tive data to indicate that treatment with ligation and leg el-
evation, compression stockings, and liberal use of fasciotomy
provide similar results.1

Venous Thromboembolism After Trauma

A recent large prospective study has helped define the inci-
dence of venous thromboembolism in trauma patients.66

Geerts and coworkers reported that 201 of 349 (58%) patients
with Injury Severity Scores (ISS) greater than 9 developed
deep-vein thrombosis (DVT) as diagnosed by bilateral contrast
venography. No mechanical or pharmacological antithrom-
botic prophylaxis was used during the study. Proximal deep-
vein thrombosis was diagnosed in 63 patients (18%). Only 3
of the 201 patients had clinical signs of DVT before the di-
agnosis by venography. In the group of 63 patients with prox-
imal DVT, 3 died of massive pulmonary embolism. Multi-
variate analysis revealed five statistically significant factors
that were independent predictors of DVT: older age (odds ra-
tio, 1.05 per year of age); blood transfusion; surgery, fracture
of femur or tibia; and spinal cord injury. Clearly DVT is a sig-
nificant problem in trauma patients who require prophylaxis.
Greenfield and coworkers have developed a risk assessment
profile for thromboembolism (RAPT) (Table 37.7) in which a
score of 5 or greater indicates a threefold greater incidence of
DVT.67 See Chapter 49 for a complete discussion on prophy-
laxis and treatment of DVT.
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FIGURE 37.7.  Incisions used for upper and lower fasciotomies.
Incision extends full length of dashed lines. (From Omert X,
Rich X. Peripheral vascular complications. In: Maull, Rodriguez,
Wiles, eds. Complications in Trauma and Critical Care.
Philadelphia: Saunders, 1996, with permission.)

TABLE 37.7. Risk Assessment Profile for Thromboembolism
(RAPT).

Diagnosis Weight

Underlying conditions
Obese (�120% Metropolitan Life Table) 2
Abnormal coagulation factors 2

Iatrogenic factors
Central femoral line �24 h 2
Transfusions �4 in first 24 h 2
Surgical procedure �2 h 2
Repair or ligation major venous injury 3

Injury-related factors
AIS �2 for chest or abdomen 2
Spinal fractures 2
Coma (GCS �8 for �4 h) 3
Complex lower-extremity fracture 4
Pelvic fracture 4
Paraplegia or quadriplegia 4

Age (years)
�40 2
�60 3
�75 4

Sum individual diagnoses. RAPT �5 indicates high-risk group.

Source: Greenfield L, Proctor M, Rodriguez J, et al. Posttrauma thromboem-
bolism prophylaxis. J Trauma 1997;42:100–103.67
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General Considerations

The concept of improving arterial blood flow by dilating a
stenotic lesion and the development of the catheter-based bal-
loon revolutionized the field. These two contributions, along
with the development of improved imaging modalities, have
been the foundation on which the field of endovascular in-
tervention has developed.

Initially, it was thought that percutaneous transluminal
angioplasty (PTA) worked by plaque compression and re-
distribution.1 However, this is not the case. Plaque fracture
with medial and adventitial stretching is largely responsi-
ble for the success of PTA2; also, a localized dissection of
the media is necessary for PTA and stenting to be effec-
tive.3,4 A “controlled” injury is needed for the PTA to be
optimal, although obviously overstretching the vessel to the
point of adventitial disruption or extensive dissection is to
be avoided.

The technical success of PTA is related to the mor-
phology of the lesion, its location, and the disease process
that caused the lesion. The clinical indication for PTA is
also an important determinant of outcome. Limb-threat-
ening ischemia is often associated with advanced disease
and hence a poorer outcome. Short stenotic lesions yield
better results than longer lesions or occlusions. Concentric
lesions are easier to treat than eccentric ones. Lesions lo-
cated near the origin of the vessel or at branch points are
more likely to have a suboptimal outcome compared to le-
sions further along the vessel. In cases of fibromuscular
dysplasia of the renal arteries, PTA is often curative,
whereas atherosclerotic lesions are less likely to have sim-
ilar rates of long-term cure. Conversely, myointimal hy-
perplasia of vein grafts seldom respond well to PTA. A
heavily calcified plaque is less amenable to PTA and often
requires higher inflation pressures, and the extent of lesion
calcification is directly related to the incidence of overdis-
tension-related injuries.5 Finally, the extent of distal dis-
ease is also considered an important determinant for the
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long-term success of the procedure because poor runoff is
often associated with a high failure rate.

Unfortunately, data review is problematic because re-
porting guidelines have not been universally standardized. As
a result, it is sometimes difficult to perform an objective com-
parison between the results of various groups reporting on the
same procedure, let alone compare endovascular procedures
with surgery.

Technique

Vascular Access

All procedures are performed under sterile conditions. Per-
cutaneous access to the target vessel is usually obtained via
the femoral artery, although the brachial artery has also been
used for this purpose. After infiltration of the subcutaneous
tissue with a local anesthetic agent. The cannule is exchanged
over a guidewire for a catheter or sheath.

Arteriography

The catheter, having been appropriately positioned, is con-
nected to a power injector filled with contrast. After ensur-
ing that the column of contrast is free of air, a series of an-
giograms are obtained to visualize the lesion(s), the state of
the rest of the vascular tree, and the runoff. The lesion is vi-
sualized in at least two projections, and a detailed assessment,
including the type of lesion, the presence of a pressure gradi-
ent, the degree of calcification, and the presence of aneurys-
mal disease or ulceration, is made.

Measurements

A calibration device is used to assess the extent of lumen
compromised, the length of the lesion, and the caliber of the
normal vessel proximal and distal to the lesion. Hemody-
namic measurements are made to assess the pressure gradi-



ent across the lesion. A peak systolic gradient greater than 10
to 15 mmHg is considered hemodynamically significant.

PTA

An appropriate balloon is selected based on the measurements
made as just described. With the wire in place through the
lesion, the balloon catheter is threaded into position and in-
flated gently with dilute contrast. Although inflation pres-
sures of 10 to 12 atm may be required to achieve the desired
result, lower pressures are used during the initial inflation.
The inflation is usually continued until there is no longer a
waist in the balloon.

Completion

If angiographic appearances and the absence of a significant
pressure gradient suggest a satisfactory result, the angio-
graphic catheter is removed along with the sheath. Com-
pression to the puncture site is applied for 15 to 20 min ei-
ther manually or with specially constructed closure devices.
The patient is instructed to lie supine for 4 to 6 h before
ambulating and to keep well hydrated to minimize the
nephrotoxic effects of the contrast medium. Antiplatelet
agents such as aspirin, ticlopidine, or clopidogrel are often
given after PTA.

Stents

The advent of intravascular stents has clearly expanded the
indications for percutaneous interventions in vascular dis-
ease. Stents buttress the arterial wall and resist the elastic re-
coil of the artery, thereby preventing immediate restenosis;
they are also used to treat post-PTA dissection. Stents do not
necessarily improve the long-term patency following PTA, be-
cause they do not prevent neointimal hyperplasia.

Balloon-Expandable Stents

The advantages of these types of stents are that they have ex-
cellent radial strength and are consequently designed to re-
sist the elastic recoil of the artery. Moreover, they can be se-
quentially expanded with progressively larger balloons until
there is no residual stenosis or pressure gradient present.

Self-Expanding Stents

These stents expand by elastic recoil without the aid of
balloon inflation until they reach their resting diameter or
the diameter of the artery. Self-expanding stents are more
compliant than balloon-expanded stents. This lack of “ra-
dial strength” makes them unsuitable for heavily calcified
lesions.

Complications

Puncture site complications include bleeding, with hematoma
or pseudoaneurysm, dissection, acute thrombosis, emboliza-
tion, arteriovenous fistula, and nerve injury. Careful local-

ization of the puncture site and single wall puncture tech-
nique help to minimize bleeding complications. A high
femoral puncture can cause a retroperitoneal hematoma,
which may be missed on clinical examination. The risk of
bleeding complications is also increased by postprocedure an-
ticoagulation, thrombolysis, and large-bore arterial access. If
the route of leakage persists, a false aneurysm develops. Most
false aneurysms resolve spontaneously; others can be treated
by ultrasound-guided compression or thrombin injection.
Continuing hemorrhage, aneurysm expansion, and signs of
femoral nerve compression are indications for urgent surgi-
cal repair.

Distal embolization is more common when manipu-
lating severely diseased vessels. It is important to compare
pre- and postprocedure angiograms to allow early recogni-
tion of the emboli, which can then be aspirated or lysed.
Massive embolization can lead to limb loss, stroke, blind-
ness, renal failure, and even death depending on the site of
obstruction.

The use of nonionic contrast materials has diminished the
incidence of contrast-related complications. Predisposing fac-
tors include age, diabetes, and preexisting renal impairment.
Such patients should be well hydrated before and after the
procedure.

Iliac Artery PTA and Stenting

Indications

Several studies question the need for iliac artery PTA in pa-
tients with mild to moderate claudication and suggest that
PTA should be reserved for those with truly disabling or
lifestyle-limiting claudication, rest pain, limb-threatening 
ischemia, or tissue loss (ischemic ulceration or gangrene). An-
other indication for PTA of the iliac arteries with or without
stenting is to improve inflow before an infrainguinal or
femoro–femoral bypass procedure. This approach is based on
the untested assumption that the progression of iliac disease
will jeopardize the patency of the bypass graft. Also, im-
provement in inflow alone may alleviate the symptoms and
obviate the need for surgery.

Recanalization of Occluded Iliac Arteries

Until quite recently, an occluded iliac artery was considered
a relative contraindication for PTA and stenting because ma-
nipulation might shower emboli distally. However, in recent
series the embolization rate was less than 5% to 7%. Re-
canalization of occluded iliac arteries is not only feasi-
ble but appears to have acceptable long-term patency rates
(Fig. 38.1).6–11

Results

When comparing results of different reports, one needs to take
into account differences in the indication for treatment, the
type of lesion, the method of determining patency, and the
method of statistical analysis. The effect of patency asses-
ment was well illustrated in a Dutch study in which primary
patency at 2 years was 85% using hemodynamic criteria (ABI),
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77% using clinical criteria, and only 70% using duplex scan-
ning.12 The indication for intervention is also a determinant
of short- and long-term success. Patients treated for claudica-
tion do better than those treated for rest pain, critical ischemia,
or tissue loss. The latter are almost invariably associated with
more extensive disease, longer and more complex lesions, oc-
clusions, and poorer distal runoff, all of which result in poorer
outcome. Differing methods of statistical analysis also alter
the results.

Most studies report a high technical success rate with ac-
ceptable primary and secondary patency rates. In one meta-
analysis, there was a 91% and 96% initial technical success
rate, a 64% and 77% primary patency rate, and an 80% and
88% secondary patency rate in patients treated with PTA and
stenting, respectively.13 However, if technical failures are in-
cluded in the meta-analysis, the secondary patency rate at 4
years drops from 80% and 88% to 58% and 74% for PTA and
stenting, respectively.13

Complications and Predictors of Outcome

The complication rate following iliac angioplasty varies from
1% to 52% (Fig. 38.2).4,6,8,9,12,14–22 Most groups report major
complications under 7% with an embolization rate of less
than 5%.

As discussed earlier, occlusions, long-segment stenoses,
tandem lesions, female gender, and the need for multiple
stents are all associated with poorer outcome.21,23 In addition,
superficial femoral artery (SFA) occlusion, smoking, stent di-
ameter less than 8 mm, a higher level of baseline ischemia,
and younger age normotensive patients have a worse long-
term outlook.24 SFA occlusions are associated with a lower
poorer initial technical success rate and a poorer long-term
outcome.25

Open Surgery Versus Percutaneous Intervention

The less invasive nature of percutaneous intervention is a
clear advantage that has led to a steady decline in the num-
ber of patients undergoing open surgical reconstruction of the
aortoiliac circulation. Nevertheless, there is still some debate
whether the results of interventional treatment are as durable
as those of surgery. Most studies demonstrating excellent pa-
tency rates for percutaneous intervention have a relatively
short follow-up period. Comparisons between these two treat-
ment modalities are often difficult because patients who un-
dergo surgery often have more extensive disease with more
severe symptoms.26 The Veterans Administrations Coopera-
tive Study no. 199 was a prospective, randomized trial com-
paring PTA with surgery.27 The study demonstrated that if
early failures were excluded from the analysis, the two forms
of treatment offered equivalent results over a 3-year period;
if early treatment failures were included, surgery was signif-
icantly superior. The main indication for treatment in this
study was claudication. The results of PTA might have been
worse in patients with more severe disease, who typically un-
dergo surgical repair. Whether there is truly a cost-savings
benefit of PTA over conventional surgery remains to be seen.

Renal PTA and Stenting

Indications

The prevalence of renovascular hypertension is estimated to
be 0.13% in the United States,1 while renovascular disease is
responsible for only 3% to 5% of all patients with hyperten-
sion.2 The most common causes of renal artery stenosis are
atherosclerosis and fibromuscular dysplasia. Other rarer
causes include Takayasu’s arteritis (nonspecific aortoarteri-
tis), transplant renal artery stenosis, middle aortic syndrome,
William’s syndrome, and neurofibromatosis. The morbidity
associated with the treatment and the chances of long-term
success must be viewed in the context of the patient’s phys-
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FIGURE 38.1.  The use of “kissing stents” in the revascularization
of both common iliac arteries. A. Occluded right common iliac artery
with stenotic left common iliac artery. B. Recanalization of right

common iliac artery with primary stenting of the left common iliac
artery. C. Final result.

C

FIGURE 38.2.  Restenosis of right common iliac artery following
stent deployment. A. Angiogram demonstrates myointimal hyper-
plasia (arrows) 9 months following stent placement. B. Final result
after using PTA for rescue.
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iological condition and life expectancy before an informed de-
cision regarding the best treatment option is made for each
individual patient. The mere presence of a renal artery steno-
sis is not in itself an indication for treatment. Most lesions
neither produce hypertension nor imperil renal function. In
patients with renal stenosis who are being managed med-
ically, renal function needs to be regularly monitored. When
these parameters change, the indications for treatment must
be reassessed.1

The indications for percutaneous transluminal renal an-
gioplasty (PTRA) and/or stent insertion are the presence of a
hemodynamically significant renal artery lesion in the face of
accelerated or “difficult to control” hypertension (with or
without renal insufficiency) (Fig. 38.3), noncompliance or in-
tolerance of antihypertensive medication, and loss of renal
mass or worsening of renal function while on antihyperten-
sive medication.

Results

Follow-up data has varied greatly as to the mode of assess-
ment of outcome. Some have used clinical criteria, such as
blood pressure and serum creatinine, while others have used
anatomical criteria based on either Duplex imaging or 
angiography. Patency rates are calculated based on patient
numbers by some, while others use the number of arteries or
number of lesions as their denominator. Definitions of hy-

pertension and renal insufficiency are not uniform in the pub-
lished literature; neither is the definition of cure or im-
provement. There is a paucity of data from prospective ran-
domized trials. Follow-up has tended to be limited, making
it difficult to ascertain the durability of these procedures.
Comparing early series with more recent ones suggests im-
provement over time. Despite these varied and disparate de-
finitions of significant disease and outcome criteria, the gen-
eral trend has been toward increasing use of renal angioplasty
and decreasing use of surgical reconstruction to treat reno-
vascular hypertension and ischemic nephropathy.

Factors that affect the outcome of PTRA include the pathol-
ogy of the lesion [fibromuscular dysplasia (FMD) versus ath-
erosclerotic occlusive disease (ASOD)], the presence of renal
dysfunction, the location of the stenosis (ostial or nonostial),
and unilateral or bilateral disease. Although early studies sug-
gested that PTRA was most beneficial in cases of fibromuscu-
lar dysplasia (FMD) and nonostial lesions,3,4 recent data show
acceptable results in ostial atherosclerotic lesions.5–11

Patients with renal dysfunction and unilateral lesions of-
ten have renal disease and tend to do worse compared with
those with bilateral lesions.7 On the other hand, the techni-
cal results of PTRA are better in patients with unilateral le-
sions or FMD lesions than in patients with bilateral lesions.12

In patients without renal insufficiency, unilateral lesions fare
better.13

Technical success can usually be achieved in more than
90% of cases. Failure is usually a result of failure to cross the
lesion, insufficient dilatation, the creation of an intimal flap,
or thrombosis of the renal artery. These are rare occurrences,
many of which can be handled by endovascular means. Most
interventionalists would consider a residual stenosis of 30%
or greater to be unacceptable and would either redilate the
lesion or stent it. Technical success is usually associated with
functional improvement. “Improvement” is defined as a 15%
decrease in diastolic pressure (DP) to 90 to 110 mmHg,14 with
improved blood pressure control on the same medications as
before PTRA.5 “Benefit” is defined as cure and improve-
ment.5,16 It is apparent that “benefit” can be achieved in about
75% of the patients undergoing PTRA. If initial failures are
included and the results analyzed on an “intention to treat
basis,” the results are worse.9

The long-term benefits of PTRA can be described in terms
of patency and clinical outcome. Unfortunately, long-term
follow-up data are lacking in most series published to date.

The effect of PTRA on renal function continues to be
controversial. It is worth noting that only 4% of patients
with renal failure have renal artery stenosis.13 The rationale
for performing PTRA for renal insufficiency is to improve re-
nal function or prevent further deterioration and avoid the
need for hemodialysis. Most studies have defined an im-
provement in renal function to be a decrease in serum cre-
atinine or an increase in the glomerular filtration rate or 
creatinine clearance. Although numerous studies have re-
ported an improvement or stabilization of renal function,
none of these were prospective randomized trials.4–8,10 In two
separate meta-analyses, renal function was improved in 46%
and 44% of patients, respectively.5,14 Other studies that
demonstrated no change in serum creatinine following PTRA 
reported the procedure as having “stabilized” renal func-
tion.9,11 A carefully designed prospective, randomized, mul-
ticenter trial comparing angioplasty with medical therapy
showed no difference in renal function following PTRA,15
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FIGURE 38.3.  Percutaneous transluminal renal angioplasty (PTRA)
for fibromuscular dysplasia (FMD) in a 41-year-old woman with un-
controllable hypertension. A. Diagnostic angiogram shows pathog-
nomonic “string of beads” appearance. B. Lesion is crossed with a
wire. C. PTA using a 6-mm balloon. D. Final result with excellent
clinical outcome.
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mainly because there was no deterioration in renal function
in the medically treated arm. This result suggests a benign
natural history of renal artery stenosis, but the explanation
may only reflect the number of patients with a lesser degree
of renal artery stenosis. Others have shown progression of
the disease and deterioration of renal function with a steno-
sis of 60% or more.6,16

The reported incidence of restenosis following PTRA is
25% to 30%.6,14 Restenosis can occur immediately following
PTRA, as the result of elastic recoil, within 6 to 12 months
from myointimal hyperplasia and after 2 years because of pro-
gression of disease. Certain risk factors predispose to the de-
velopment of restenosis. Ostial lesions are particularly prone
to elastic recoil, as are lesions with very thick aortic plaques.
A residual post-PTRA stenosis of 30% or more appears to be
more prone to restenosis.5,6,12,14,17 Others have noted a higher
incidence in females, who have smaller arteries.18 When to
intervene in the presence of restenosis is a difficult problem
because anatomical lesions often do not correlate with func-
tional abnormality and vice versa. Most interventionalists
would intervene when restenosis exceeds 60%.

The development of intravascular stents has changed both
the indications and results of PTRA. The usual indications
for stent placement have been ostial lesions, a residual steno-
sis of 30% or more following PTRA, restenosis, dissection, or
intimal flap and in the management of “difficult and com-
plex” lesions or failed PTRA. Both balloon-expandable and
self-expanding stents have been used with equivalent re-
sults.19–21 The technical results of renal stenting have tended
to be better than PTRA alone, although this may not be valid
to compare recent series with stents with older series of PTRA
alone. The technical success rate of renal stenting approaches
100% in more recent series.19,20,22 Unfortunately, follow-up
data with stent placement are limited, as are prospective ran-
domized studies to determine its place in the management of
renovascular hypertension and ischemic nephropathy.

The complication rates of renal angioplasty tend to be low
and are usually related to puncture sites. Contrast-induced re-
nal failure can be minimized with the use of carbon dioxide
arteriography and judicious hydration. Atheroembolism is an-
other potential cause of procedure–related declines in renal
functions. Other complications include intimal flaps, vessel
thrombosis, arterial rupture, and renal embolism and infarc-
tion. In a recent meta-analysis of 1118 patients, the compli-
cation rate was 9.3%.14

Surgery versus PTRA With or Without Stent

Operative intervention has dominated the management of
renovascular disease for several decades. Only recently has its
dominance has been challenged by the less invasive methods
of PTRA or stenting. Although it is clear that angioplasty
should be the treatment of choice for renal lesions secondary
to FMD and possibly other localized, short-segment lesions,
it is still a matter of debate as to the best treatment for ath-
erosclerotic ostial lesions secondary to ASOD. Complicating
the issue is the fact that most patients requiring surgery are
elderly and have multiple comorbid conditions that make
them less likely to tolerate the physiological consequences of
surgical revascularization. Despite this, there are several re-
ports in the surgical literature demonstrating an accep-
tably low perioperative mortality rate of less than 3%.23,24

Longevity data also support the role for surgery in the man-

agement of renovascular disease.25–27 Most of these reports,
however, do not address the issue of how many patients were
denied operative intervention in the face of a prohibitive op-
erative risk. In this patient population a minimally invasive
procedure is most appealing, despite the lack of long-term pa-
tency data. Patients with diffuse or branch vessel disease are
best treated surgically. Patients unfit for surgery and those
with FMD are best treated with PTRA.

The management of the patient with localized athero-
sclerotic disease who is also a surgical candidate depends on
local experience. For these patients we usually recommend
PTRA with selective stenting, with surgical intervention be-
ing reserved for situations where this approach is either not
technically feasible or fails. Careful patient selection and ex-
perience of the surgeon/interventionalist are probably the
most important determinants of outcome.

Extracranial Carotid Artery 
Angioplasty and Stenting

PTA and stenting are particularly appealing in cases of re-
operative surgery or operations on an irradiated neck, which
have increased rates of complications such as neck hema-
toma, respiratory compromise, wound infection, and cranial
nerve injury. Occlusion time with PTA and stenting is less
compared to surgery, even if the operation is performed with
a shunt in place. Furthermore, PTA and stenting can treat le-
sions that are inaccessible surgically.

On the other hand, there are also some inherent risks
associated with angioplasty and stenting of the carotid
artery. The lack of distal control exposes the patient to the
hazard of cerebral embolism. Current cerebral protection
devices can reduce embolism associated with balloon in-
flation, but they do not protect against embolism during
initial instrumentation of the lesion. Moreover, PTA is not
always free of cardiac complications. Balloon inflation in
the carotid bifurcation is often associated with profound re-
flex bradycardia.

Carotid artery PTA is still a relatively new technique and
is still in a state of evolution. Most interventionalists would
now agree that routine stenting is not necessary following
PTA for FMD. There is less of a consensus regarding the role
of stents following PTA for atherosclerosis. Any stent im-
planted in the neck should be of the self-expanding variety,
because the neck is a mobile region and balloon-expandable
stents are likely to deform or collapse.1,2

The main drawback of PTA is embolism. The risk is higher
for heavily calcified lesions, symptomatic lesions and for le-
sions that require higher inflation pressures. Due to the em-
bologenic potential of this procedure, several workers have sug-
gested that in the case of carotid PTA and stenting, “less is
more,” and one should accept a less than perfect result, rather
than strive for an angiographically perfect outcome. The pres-
ence of emboli has been detected using transcranial Doppler
ultrasound3,4 and has led to the development of cerebral pro-
tection devices that are designed to trap the debris released dur-
ing the procedure.5

Many authors recommend that patients undergoing carotid
PTA and stenting procedures should be started on an an-
tiplatelet agent 48 h before the procedure and continued on it
for at least 4 weeks following the procedure. The patient is also
given 0.4 to 0.6 mg atropine i.v. to counteract baroreceptor-
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mediated responses to the balloon dilatation of the carotid
bifurcation.

What the Published Literature Tells Us

CAROTID ENDARTERECTOMY (CEA)

The publication of several prospective multicenter trials, both
in Europe and the United States, has caused a resurgence in
the use of CEA.6–19 These well-structured trials provide “level
1” evidence establishing the superiority of CEA over “best
medical therapy” in the prevention of stroke in both symp-
tomatic and asymptomatic patients with a high-grade steno-
sis of the carotid artery. These studies have demonstrated that
CEA is a well-tolerated, safe, and durable operation, allowing
patients to be discharged home free of the risk of embolic
stroke within 48 h of operation. The evidence supporting its
use is indisputable.

CAROTID PTA AND STENTING (PTA � S)

In a recent review it was concluded that the complication
rate of PTA was unacceptably high, compared to surgery, and
that most studies of PTA failed to observe standard reporting
guidelines and few had much follow-up.20 Other authors have
reached similar conclusions.21,22 Still, some studies report
very promising results with PTA alone.23

In a 1998 publication, Wholey undertook a survey of all
the carotid PTA � S performed globally.28 He reported a tech-
nical success rate of 98.6%, with a 5.77% stroke and death
rate and a 4.8% restenosis rate at 6 months.

The potential cost savings from PTA have not been
demonstrated. We know from previous studies that CEA is a
highly cost-effective form of treatment.24,25 The only cost
comparison showed that CEA was more cost-effective than
carotid PTA � S.26,27

The advent of cerebral protection devices may prove to
be an important development in the prevention of embolic
complications during angioplasty and stenting of the carotid
arteries. One report demonstrated a dramatic reduction in
embolic complications with use of a coaxial cerebral protec-
tion device.29 However, in another recent study, 6.25% of
patients that did have cerebral protection did develop major
neurological complications, showing the limitations of cur-
rent devices.

Randomized Trials Comparing 
CEA with Carotid PTA � S

Six multicenter, randomized trials are currently recruiting pa-
tients. These include the Carotid Revascularization En-
darterectomy versus Stent Trial (CREST) and the Carotid
Artery Stent versus Endarterectomy Trial (CASET).30

Current Indications for Carotid 
Angioplasty and Stenting

The clearest indication for carotid PTA is in a patient for
whom surgery carries too high a risk of complications and
medical therapy carries too high a risk of stroke. Carotid

PTA � S in the high-risk patient has been recommended un-
der the following circumstances:

Contralateral occlusion
Restenosis following CEA
Synchronous carotid and coronary disease
Preexisting cranial nerve palsy
Very distal and very proximal lesions
Unusual cervical anatomy or scarring (previous neck
surgery or radiation)

Endovascular Repair of 
Abdominal Aortic Aneurysms

Although 10 years have passed since endovascular repair
of abdominal aortic aneurysm (AAA) was first reported,1

we still lack the kind of controlled, prospective, random-
ized comparisons to alternative forms of therapy with
which to perform an evidence-based assessment of the new
technique.

Aneurysm repair is a prophylactic operation, intended
to eliminate the risk of death from rupture.2 Most of what
we know about endovascular repair of AAA relates to the
short term, and most of what we do not know relates to
the long term. A selection of issues is listed in Table 38.1
under the headings “Known” and “Unknown,” although
there is clearly significant overlap between the two
columns. Some of the arguments for and against each of
these points are admittedly based on relatively low-level
evidence. A selection of these points is discussed in fur-
ther detail below.

DISTAL ATTACHMENT

The first reported cases of endovascular aneurysm repair were
performed using a tube of graft fabric attached to the aorta by
a single proximal stent.1 The distal end of the graft was left
free. The result was continued aneurysm perfusion and
growth, even after the addition of a second stent. The inade-
quacy of distal aortic implantation has since been confirmed
in several series. The initial computed tomography (CT) may
show no leak, but subsequent CT often shows stent-graft mi-
gration, leakage around the distal end of the stent-graft (type
I endoleak), or aneurysm growth.3

Experience has shown that the distal aortic “neck” is
rarely long enough, straight enough, healthy enough, or sta-
ble enough for stent-graft implantation.4 Angiographic ap-
pearances may be misleading in this regard because of the
presence of mural thrombus. Implantation in a bed of mural
thrombus is a well-recognized cause of late failure in the
form of secondary leak, aneurysm growth, or aneurysm rup-
ture. Types of distal attachment are illustrated in Figures
38.4–38.6.

PROXIMAL ATTACHMENT

The proximal stent performs two functions, fixation and seal-
ing. Fixation is important because aortic flow generates large
forces at any point where the graft changes size or direction.
Self-expanding stents generate insufficient friction to prevent
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TABLE 38.1. What Is Known and Unknown About Endovascular Repair of Abdominal Aortic Aneurysms.

A. Known B. Unknown

1. Endovascular repair avoids abdominal operation.
2. Endovascular repair produces less physiological derangement 

than open repair.
3. The mortality, morbidity, and length of stay are less for

endovascular repair than for open repair, particularly in
high-risk patients.

4. Endovascular repair has particular advantages in the treatment 
of traumatic, inflammatory, anastomotic, and ruptured 
aneurysms.

5. It is rarely possible to obtain secure, hemostatic stent-graft 
implantation between the aortic aneurysm and the aortic 
bifurcation.

6. The proximal end of the stent-graft will migrate if it is not 
attached to nondilated aorta with barbs or supported from 
below by a structural framework (column strength).

7. Pararenal stents cause very few problems in the short term.
8. Iliac tortuosity rarely prevents delivery system insertion.
9. Unilateral iliac aneurysm rarely precludes endovascular

aneurysm repair.
10. The iliac segment of an unsupported stent-graft is prone

to kinking, folding, and thrombosis.
11. Successful endovascular aneurysm repair usually prevents 

aneurysm dilatation.
12. Leakage of blood directly into the aneurysm (endoleak,

type I or III) represents failed repair.
13. Many patients with aortic aneurysms lack the anatomical

substrate for endovascular repair.
14. Patient selection and stent-graft sizing both depend on

detailed preoperative imaging.
15. Infection of a stent-graft is rare in the short to medium term.
16. Clinically significant embolism is rare.

FIGURE 38.4.  The unibody aortobiiliac (bifurcated) configuration.

1. Can endovascular repair be accomplished percutaneously?
2. Will new techniques allow treatment of pararenal and thoraco-

abdominal aneurysms?
3. Does endovascular repair cost less than open repair?
4. Should high-risk patients be treated by endovascular repair?
5. Should low-risk patients be treated by endovascular repair?
6. Should small aneurysms be treated by endovascular repair?
7. Will the implantation sites dilate over time?
8. What is the relationship between endoleak and aneurysm 

dilatation?
9. What is the relationship between endoleak and aneurysm 

rupture?
10. What is the potential for hematogenous stent-graft infection,

and does it ever decline?
11. How durable are stent-grafts?
12. Why do fully stented grafts sometimes kink?
13. What is the proper long-term follow-up?
14. Why do many patients have a fever following endovascular

aneurysm repair?

FIGURE 38.5.  The modular aortobiiliac (bifurcated) stent-graft.



FIGURE 38.6.  The aortomonoiliac (tapered) stent-graft, femoral–
femoral bypass, and common iliac artery occluder.

migration.5 Current stent-grafts employ a variety of strategies
to provide additional stability. Caudally directed barbs have
been shown to resist very high displacement forces.

Fully stented systems have an intrinsic “column strength”
that provides the proximal stent with support from below. In
addition to hanging from the aorta, these stent-grafts can be
said to stand on the iliac arteries.6 However, the stability pro-
vided by column strength comes at a price. Unless the stent-
graft is absolutely straight, high column strength implies high
rigidity. Rigid stent-grafts cannot accommodate aortic tortu-
osity and angulated implantation sites.

In the short/medium migration rates are all less than
5%.6–10 However, recent reports suggest that in the absence
of proximal barbs, the rate rises progressively, leading to rein-
tervention in almost half of those followed for more than 4
years.

ILIAC ANEURYSM

Approximately 30% of patients with aortic aneurysms also
have a common iliac aneurysm, most of which extend all the
way to the iliac bifurcation, leaving no suitable site for stent-
graft implantation in the common iliac artery. The external 
iliac artery is rarely involved and can be used as the site of dis-
tal stent-graft implantation. However, this approach has several
disadvantages, of which the most important is internal iliac
artery occlusion with potential consequences such as impo-
tence, buttock claudication, colon ischemia, and paralysis.

Of course, all these complications are more common if
both internal iliac arteries are occluded during the same pro-
cedure. For this reason, bilateral iliac aneurysm is often con-
sidered to be an exclusion criterion for endovascular aneu-
rysm repair.

THE NATURAL HISTORY OF ENDOLEAK

Aneurysm shrinkage does not occur in the presence of type I
(leak around the proximal or distal attachment site) or type

III endoleaks (leak via tears in the fabric or component dis-
ruption), both of which allow blood to flow directly into the
aneurysm. In type I, blood flows around the end of the stent-
graft, and in type III blood flows through the holes in the
stent-graft. Under these circumstances the aneurysm remains
at risk for rupture.

Type II (retrograde collateral perfusion of AAA sac via
lumbar arteries or the inferior mesenteric artery) and type IV
endoleaks (graft porosity) appear to be more benign, although
their natural history is not yet well defined. In the presence
of a type II leak the aneurysm is less pulsatile than an un-
treated aneurysm11 and less prone to dilatation.12–14 Type IV
leaks occur through tiny holes in the fabric of the graft, which
seals spontaneously, resulting in cessation of leakage and a
corresponding reduction in aneurysm diameter and rupture
risk.

Although these broad generalizations seem to make sense,
exceptions are common. Some aneurysms increase in diam-
eter, or even rupture, despite the lack of any endoleak on CT.
The term “endopressure” or “endotension” has been coined
to describe such cases.

PREOPERATIVE IMAGING

Endovascular repair is neither as versatile nor as flexible as
conventional repair; hence, the need for detailed preopera-
tive evaluation of arterial anatomy. One needs this infor-
mation to determine the feasibility of endovascular repair
and the appropriate size of the stent-graft. Most centers rely
on a combination of CT, MR, and angiography. Others have
substituted three-dimensional reconstruction of spiral CT
data for angiography.15,16 However, this trend toward ever
more sophisticated preoperative imaging become unneces-
sary with newer devices which allow for intraoperative ad-
justment to accommodate minor inaccuracies in preopera-
tive measurement.

THE COST OF ENDOVASCULAR ANEURYSM REPAIR

Given its lower morbidity and hospital stay, one would ex-
pect that endovascular repair would be less expensive than
conventional open repair. The few studies that have addressed
this question, however, have produced conflicting conclu-
sions.17 One reason is that endovascular repair generates a se-
ries of costs not normally associated with open repair, in-
cluding imaging equipment, preoperative angiography,
angiographic supplies, stent-grafts, and lifelong image-based
follow-up. Some studies include these costs, others do not.
The source of cost data also varies. Some studies rely on pa-
tient charges; others examine costs.

In our study of short-term perioperative costs (unpublished
data), we used a hospital-wide system that prospectively as-
signed “variable, fixed, direct, and indirect” costs to every pa-
tient who spent time in each of the “cost centers.” We found
that the cost of endovascular repair in high-risk patients was
57% of the cost of open repair in normal-risk patients. How-
ever, the costs of preoperative angiography and follow-up
studies (mainly CT) beyond 1 month were not included for
two reasons. First, pre- and postoperative imaging studies
were performed at outside hospitals, so their costs were more
difficult to assess reliably. Second, the role of pre- and post-
operative imaging is likely to change. Many centers already
perform endovascular aneurysm repair without angiogra-
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phy.15,16 One might argue that serial CT is also unnecessary.
At present every patient who undergoes endovascular repair
can expect to be followed for life by serial CT, because the
technique is experimental; this may change.

ENDOVASCULAR ANEURYSM REPAIR IN HIGH-RISK PATIENTS

The long-term benefit of endovascular repair depends on the
risk of aneurysm rupture, the patient’s life expectancy, and the
durability of endovascular repair. Although the long-term dura-
bility of endovascular repair is as yet unknown, it is possible
to estimate both rupture risk and life expectancy. We believe
that endovascular aneurysm repair in a high-risk patient with
a reduced life expectancy is only justified if the aneurysm is
large and the risk of rupture correspondingly high.

ENDOVASCULAR ANEURYSM REPAIR IN LOW-RISK PATIENTS

In low-risk patients, the mortality rate of conventional open
repair is so low that one would need a very large study to
demonstrate a mortality advantage of endovascular repair. As
no such studies exist, the choice of endovascular repair over
open repair is based upon the anticipated reduction in pain,
hospital stay, and debility and upon the assumption that con-
version to open repair would carry little risk. Although there
are conflicting data on this point, this assumption would ap-
pear to be valid. Conversion carries little additional risk18,19

unless the patient is too sick to tolerate open operation or
conversion to the open operation is performed for aneurysm
rupture.

Low-risk patients generally have sufficient life expectancy
to justify repair. However, the longer a patient lives, the more
one has to worry about the durability of the endovascular
technique. There are enough unanswered questions regarding
the mechanical integrity of the prosthesis and the stability of
the implantation sites (see following) to cast doubt on the
long-term durability of endovascular repair.

ENDOPRESSURE OR ENDOTENSION

Few aneurysms rupture following endovascular repair in the
absence of endoleak or aneurysm dilatation. Nevertheless, we
still do not know why some aneurysms dilate without any
demonstrable endoleak, why some aneurysms shrink even in
the presence of an endoleak, which endoleaks are dangerous,
and whether they can be prevented or treated.

The phenomenon of aneurysm dilatation in the absence
of endoleak (endopressure or endotension) is troubling be-
cause we have come to rely on the presence or absence of en-
doleak on CT as a criterion of failure or success. Early find-
ings suggest that aneurysms with type I endoleaks behave like
untreated aneurysms. In contrast, type II endoleaks are asso-
ciated with an intermediate degree of aneurysm pulsatility
and that these aneurysms do not dilate.

Conclusion

Despite the limitations of the current studies, it is clear that
endovascular aneurysm repair of abdominal aortic aneurysm
is a reasonably safe and effective in properly selected patients.
Its ultimate role in the management of patients with ab-
dominal aortic aneurysms will depend on the answers to
many of the questions discussed here.
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Lung Neoplasms
Christine L. Lau and David H. Harpole, Jr.

Lung cancer is the leading cause of cancer-related death
among women and men. In women, lung cancer is sec-
ond only to breast cancer in incidence, and in males, it

is the most prevalent type of cancer diagnosed. The average
age at diagnosis of lung cancer is 60 years. One-year survival
has increased from 32% in 1973 to 40%, but the overall 5-
year survival remains only 14% despite continued research.1

The major cause of lung cancer in the world is tobacco
smoking, the majority being from cigarette use. The biology
of lung cancer is being elucidated as understanding of onco-
genes, tumor suppressor genes, and molecular pathways are
better defined. Despite multiple therapeutic modalities ther-
apies, the long-term survival rate for non-small cell lung can-
cer (NSCLC) has not significantly changed over recent years.

Pathology

The histological classification of lung tumors according to the
World Health Organization is seen in Table 39.1.2 The over-
whelming majority of lung tumors are malignant (95%). Ap-
proximately 5% are bronchial carcinoids and the rest are mes-
enchymal tumors and miscellaneous neoplasms.3 More than
90% of malignant tumors are one of four types: (1) squamous
cell carcinoma, (2) adenocarcinoma, (3) large cell carcinoma, or
(4) small cell carcinoma. The first three are collectively referred
to as non-small cell lung cancer (NSCLC) and account for ap-
proximately 80% of the lung cancers. All four types probably
share a common precursor, arising from malignant transfor-
mation of bronchial basal cells; therefore, mixed tumor types
are not uncommon, for example, the finding of squamous cell
carcinoma and small cell carcinoma in the same tumor.

Non-Small Cell Lung Cancer

SQUAMOUS CELL OR EPIDERMOID CARCINOMA

Until recently, squamous cell carcinoma was the most com-
mon type of NSCLC, having been replaced now by adeno-
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carcinoma.4,5 The majority of these tumors are centrally lo-
cated, although 20% are found peripherally; 80% of squamous
cell carcinomas have an endobronchial component.6 As these
tumors grow they have a tendency to develop central necro-
sis, which may be evident. Often these tumors grow and ob-
struct the bronchus. Squamous cell carcinomas may obtain
large sizes before metastasizing. When they do metastasize,
often they spread only to the peribronchial or hilar lymph
nodes. Microscopically these tumors may be well, moder-
ately, or poorly differentiated.

ADENOCARCINOMA

Adenocarcinomas (Fig. 39.1) are the most common histolog-
ical type of lung cancer seen, representing 46% of cases. Ade-
nocarcinomas are often located in the periphery, arising from
subsegmental bronchioles and not major bronchi. They may
appear as a solitary pulmonary nodule on radiographic stud-
ies (Fig. 39.2). These tumors have a tendency to spread lym-
phatogenously and hematogenously. In 20% of cases, meta-
static disease by a hematogenous route occurs before lymph
node metastasis.

LARGE CELL CARCINOMA

This tumor is an undifferentiated, aggressive tumor that may
be difficult to distinguish from poorly differentiated adeno-
squamous or small cell carcinomas. Specific immunoperoxi-
dase stains may be helpful in this regard. Like adenocarci-
noma, these tumors often present in a peripheral location and
show early lymphatogenous and hematogenous spread. His-
tologically these tumors are comprised of large, polygonal
cells with vesicular nuclei. The giant cell type has large mult-
inucleated cells, while clear cells make up the other variant.

Small Cell Carcinoma

Of patients presenting with lung cancer, 10% to 15% are di-
agnosed with this aggressive tumor type. Small cell carcinoma
(SCLC) is characterized usually by a central or hilar location.



Histologically, these tumors are composed of small cells ap-
proximately twice the size but similar in appearance to lym-
phocytes. These tumors have classically been referred to as
“oat cell” carcinomas (see Table 39.1). Small cell carcinomas
are most commonly the tumors associated with ectopic hor-
mone production.19

Pathogenesis

Epidemiology

Early case-control studies indicated tobacco, largely ciga-
rette smoking, as the cause of lung cancer. Confirmation
came from several cohort studies, the best known of which
was the British Doctors Study by Doll and Peto.7 In this
large study of 34,440 male physicians followed for 20 years,
it was concluded that cancers of the lung, esophagus, and
other respiratory sites were a direct result of smoking. The
female doctor follow-up study was reported in 1980 by Doll.8

In this cohort study of 6,194 female doctors it was concluded
that cigarette smoking was associated with lung cancer,
chronic obstructive pulmonary disease (COPD), and heart
disease.

It is now known that 80% to 90% of lung cancers result
from tobacco usage, and that the risk of developing lung can-
cer is 4 to 10 times greater in smokers than nonsmokers.
While duration of tobacco use is the most important factor,
the amount and type are also important. Additionally, the age
when smoking began is important. Initially it was thought
that tobacco smoking caused only small cell and squamous
cell carcinomas of the lung, but now adenocarcinoma is
known to be related to smoking.9

Other factors that may less commonly be the cause of
lung cancers include radiation, chemicals, and mineral ex-
posures. There are multiple carcinogens involved in caus-
ing lung cancer including various chemical carcinogens

(chloromethyl methyl ether, polycyclic aromatic hydro-
carbons); ionizing radiation (survivors of Hiroshima, ura-
nium miners, and radon gas exposure); various minerals (as-
bestos, fiberglass, glass wool, and alumina); and also various
metals (chromium, nickel, lead, arsenic, iron and iron ox-
ides).

More recently, exposure to environmental smoke, also
known as secondhand or passive smoke, has been explored as
a cause of lung cancer. In one case-control study, there was
a 30% increased risk of lung cancer in women exposed to sec-
ondhand smoke from a spouse. A 50% increase was observed
for adenocarcinoma of the lung. In a review of 10 case con-
trols and 3 prospective studies, there was an overall 35% in-
creased risk of lung cancer among nonsmokers living with a
smoker or a relative risk of 1.35.
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TABLE 39.1. Histological Classification of Malignant Epithelial
Lung Tumors.

Squamous cell carcinoma
Variant:

Papillary
Clear cell
Small cell
Basaloid

Small cell carcinoma
Variant:

Combined small cell carcinoma
Adenocarcinoma

Acinar
Papillary
Bronchioloalveolar carcinoma
Solid adenocarcinoma with mucin

Large cell carcinoma
Source: World Health Organization. Histological typing of lung and pleural
tumours, 3 ed, 1999:21–22. Reprinted with permission. FIGURE 39.1.  Histopathological examination of adenocarcinoma

(papillary subtype) of the lung. Hematoxylin and eosin, �100.

FIGURE 39.2.  CT scan of chest shows peripheral nodule found at
resection to be adenocarcinoma of the lung.



Genetic

The genetic steps involved in transforming normal bronchial
epithelium to a dysplastic tumor are multiple, and include
mutations, altered expression of critical regulatory genes in a
cell, and chromosomal deletions and rearrangements. Com-
mon proto-oncogenes involved in NSCLC are K-ras, erbB-1
(EGFr), and erbB-2 (Her2/neu). The most common activated
proto-oncogene found in non-small cell lung cancer is K-ras.
The tumor suppressor genes implicated in NSCLC include
p53, retinoblastoma susceptibility gene (Rb), and bcl-2. In
more than half of all non-small cell lung cancers, p53 is ei-
ther overexpressed or mutated.

A genetic predisposition to the development of lung can-
cer is suggested by the development of cancer in some pa-
tients who are nonsmokers and the fact that only 20% of pa-
tients who are smokers eventually develop cancer. Current
belief, supported by epidemiological studies, is that lung can-
cer is associated with codominant inheritance of an autoso-
mal dominant gene, especially in patients developing lung
cancer before the age of 50. The most common chromosomal
abnormalities involve deletions of the short arm of chromo-
somes 1, 3, 9, and 17, and polysomy of chromosome 7. Other
deletions and rearrangements of chromosomes are also com-
monly seen, and even in early-stage tumors multiple abnor-
malities can potentially exist.10

Clinical Manifestations

Approximately 95% of patients with lung cancer present with
symptoms from disease and the remaining 5% present asymp-
tomatically with abnormal chest radiographs. Symptoms may
arise from primary tumors, distant metastatic disease, systemic
symptoms, or paraneoplastic syndromes.5 Figure 39.3 notes the
risk factors and symptoms to be evaluated in suspected or
proven lung cancer.6 Table 39.2 lists the initial symptoms at
presentation of lung cancer in one series of 2000 patients.11

Extrathoracic Manifestations from 
Metastatic Disease

Distant metastatic disease is the first presentation of lung
cancer in 32% of cases.12 Common locations of distant
metastatic spread including adrenals, liver, bone, lung, and
brain have been documented in autopsy series (Table
39.3).13,14 Multiple other sites of metastatic spread including
the diaphragm, skin, pleura, pericardium, spinal cord, kidney,
soft tissues, and heart can also occur, although these sites of
spread are less common. Extrathoracic nodal involvement, es-
pecially the supraclavicular and anterior cervical nodes, oc-
curs in up to 30% of presentation.5,6

PARANEOPLASTIC SYNDROMES

Ten percent to 20% of patients with lung carcinomas have
paraneoplastic syndromes; these syndromes occur most com-
monly with small cell and squamous cell carcinomas (Table
39.4).6,9 Common paraneoplastic syndromes include hyper-

trophic pulmonary osteoarthropathy, syndrome of inappro-
priate antidiuretic hormone secretion, and hypercalcemia.
Hypertrophic pulmonary osteoarthropathy is characterized by
a proliferating periositis, resulting in bone and joint pain. The
syndrome of inappropriate antidiuretic hormone (ADH) se-
cretion is seen primarily with small cell carcinoma. Although
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FIGURE 39.3.  Risk factors and symptoms to be evaluated in patients
with suspected or proven lung cancer. (From Maddaus M, Ginsberg
RJ. Cancer/diagnosis and staging. In: Pearson FG, Deslauriers J, Gins-
berg RJ, et al., eds. Thoracic Surgery. New York: Churchill Living-
stone, 1995:672. Reprinted with permission.)

TABLE 39.2. Initial Symptoms at Presentation of Lung Cancer.

Symptoms Percentage (%)

Cough 74
Weight loss 68
Dyspnea 58
Chest Pain 49
Hemoptysis 29
Lymphadenopathy 23
Bone pain 25
Hepatomegaly 21
Clubbing 20
Intracranial 12
Superior vena cava syndrome 4
Hoarseness 18

Source: Hyde L, Hyde CI. Clinical manifestations of lung cancer. Chest
1974;65:300.11



up to 70% of lung cancers are found to have elevated ADH,
symptomatic presentation is unusual. Hypercalcemia is seen
in 10% of lung cancer patients, but of these only 15% have
hypercalcemia as a result of a paraneoplastic syndrome caused
by production of either a parathyroid hormone or hormone-
like substance. This syndrome is most commonly associated
with squamous cell carcinomas. Cushing’s syndrome from se-
cretion of ectopic adrenocorticotropin is most commonly re-
lated to small cell lung cancer.5,6 Neurological and myopathic
syndromes are also associated with lung cancer.

Diagnosis and Staging

The goals of diagnosis and staging of lung cancer are early
identification and treatment of patients potentially curable
by surgical resection. Following a through history and phys-
ical examination, radiologic films should be carefully re-
viewed and compared with priors if available.

Noninvasive Diagnostic Techniques

CHEST RADIOGRAPHY

The posteroanterior and lateral chest radiographs are carefully
inspected for primary tumor size and evidence of more ad-
vanced disease including pleural or pericardial effusions, ev-
idence of nodal involvement, evidence of bony involvement,
and areas of consolidation. If previous films are available,
these should be used for comparison. Chest radiography, how-
ever, lacks sensitivity in detection of mediastinal adenopathy
and in detailing the primary tumor involvement with medi-
astinal structures or the chest wall.5

COMPUTED TOMOGRAPHY

A CT scan of the chest and upper abdomen should be per-
formed to provide additional information about tumor size,
possible lymph node involvement, other intrathoracic struc-
ture involvement, and possible metastatic spread. Intravenous
contrast administration is not necessary, but may provide
more detail regarding invasion of mediastinal structures and
help differentiate vascular structures from mediastinal
adenopathy. Assessment of the lung lesion may differentiate
benign from malignant nodules based on fat and calcium pat-
terns. In evaluation of the primary tumor, a CT scan is nei-
ther sensitive nor specific in detection of chest wall or pari-
etal pleural involvement by the tumor.5

The chest CT scan should include cuts through the up-
per abdomen to assess the liver and adrenals for asympto-
matic metastatic disease. Intravenous contrast is not re-
quired or routinely performed to evaluate the adrenals, but
differentiation of benign from metastatic liver disease can-
not be made without intravenous contrast administration.
Suspicious lesions may require percutaneous biopsy for 
diagnosis.5

MAGNETIC RESONANCE IMAGING

Magnetic resonance imaging (MRI) is slightly more sensitive
than CT scanning in detecting mediastinal invasion and chest
wall involvement, and is most useful in evaluation of supe-
rior sulcus tumors. Nonetheless, MRI has not proven to be
particularly useful in the diagnosis of lung cancer.
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TABLE 39.3. Common Metastatic Sites Found at 
Autopsy in NSCLC.

Site of metastases Percentage (%)

Mediastinal lymph nodes 83
Lung 47
Brain 43
Liver 40
Adrenal 36
Bone 33

NSCLC, non-small cell lung cancer.

Source: Abrams HL, Spiro R, Goldstein N. Metastases in carcinoma: analysis
of 1000 autopsied cases. Cancer 1950; 3:77.13

TABLE 39.4. Paraneoplastic Syndromes in Lung Cancer Patients.

Metabolic
Hypercalcemia
Cushing’s syndrome
Inappropriate antidiuretic hormone production
Carcinoid syndrome
Gynecomastia
Hypercalcitonemia
Elevated growth hormone level
Elevated prolactin, follicle-stimulating hormone, luteinizing 

hormone levels
Hypoglycemia
Hyperthyroidism

Neurological
Encephalopathy
Subacute cerebellar degeneration
Peripheral neuropathy
Polymyositis
Autonomic neuropathy
Lambert–Eaton syndrome
Opsoclonus and myoclonus

Skeletal
Clubbing
Pulmonary hypertrophic osteoarthropathy

Hematological
Anemia
Leukemoid reactions
Thrombocytosis
Thrombocytopenia
Eosinophilia
Pure red cell aplasia
Leukoerythroblastosis
Disseminated intravascular coagulation

Cutaneous and muscular
Hyperkeratosis
Dermatomyositis
Acanthosis nigricans
Hyperpigmentation
Erythema gyratum repens
Hypertrichosis lanuginosa acquisita

Other
Nephrotic syndrome
Hypouricemia
Secretion of vasoactive intestinal peptide with diarrhea
Hyperamylasemia
Anorexia-cachexia

Source: Shields, TW. Presentation, diagnosis, and staging of bronchial carci-
noma and of the asymptomatic solitary pulmonary nodule. In: Shields TW,
ed. General Thoracic Surgery. Malvern, PA: Williams & Wilkins, 1994:1123.55

Reprinted with permission.



POSITRON EMISSION TOMOGRAPHY

Positron emission tomography (PET) detects increased rates
of glucose metabolism, which is commonly seen in malig-
nant tissues. Measurement of a positron-emitting glucose
analogue (2-18F) fluoro-2-deoxy-D-glucose (FDG) can be de-
tected by PET. FDG-PET can detect primary lung cancers and
metastases to mediastinal and scalene lymph nodes.15–18 Im-
portantly, anatomical detail is not provided as well with PET
as it is with CT. CT scanning and PET are complementary,
as CT aids in the anatomical detail. More recently, PET scan-
ning is being used to help evaluate for possible metastatic dis-
ease, with great promise in this regard.19,20 Using whole-body
PET imaging for staging lung cancer, unsuspected distant
metastatic disease is seen in 11% to 14% of patients.19,20

LABORATORY VALUES

The essential initial laboratory tests include a complete blood
count, chemistries including electrolytes, liver function panel
(SGOT/SGPT/alkaline phosphatase/and total bilirubin), al-
bumin, urea, creatinine, and calcium. Although liver enzymes
are rarely abnormal in the absence of extensive liver metas-
tases, they should be obtained as a screen. Abnormalities in
creatinine, blood urea nitrogen, and electrolytes may suggest
a small cell carcinoma with associated syndrome of inappro-
priate antidiuretic hormone secretion. Elevated calcium and
alkaline phosphatase should raise suspicion of bony involve-
ment. The patient’s nutritional status can be evaluated by al-
bumin, which has been proven to be a prognostic factor.5

SERUM TUMOR MARKERS

Several tumor markers are currently being investigated and are
known to be associated with different types of lung cancers.5

At the present time none have been shown to be useful.

BRAIN AND BONE SCANS

Brain CT scans and radionuclide bone scans should be per-
formed for certain indications but not in every case. Current
recommendations are to perform head CT and radionuclide
bone scans in patients with specific neurological or bony
symptoms, in patients with nonspecific symptoms suggestive
of metastatic disease, clinically stage I or II but marginally
operative candidates, and patients with clinically stage IIIA
disease that are potential operative candidates or potentially
candidates for curative chemoradiation.6

Pathological Diagnosis

When an otherwise healthy patient presents with a new pul-
monary nodule suspicious for lung cancer, a biopsy is not an
absolute requirement before exploration, but histological con-
firmation is desirable. If nonsurgical treatment is being con-
sidered either as neoadjuvant or in lieu of surgery because of
the apparent extent of disease, a tissue diagnosis is required
before initiation of such therapy. Cytological specimens may
be initially attempted before surgical biopsy techniques, and
the ability to make the diagnosis using cytological techniques
depends on the quality of the specimen, including number of
cells and viability of cells. Six different types of cytological
specimens may be collected, including sputum, bronchial

washings, bronchial brushings, transbronchial needle aspi-
rates, bronchoalveolar lavage, and transthoracic fine-needle
aspiration. If a diagnosis is not provided by these cytological
techniques, tissue may be obtained by endobronchial biopsy,
transbronchial biopsy, transthoracic biopsy, or by thoracos-
copy or thoracotomy for wedge resection.

BRONCHOSCOPY

Flexible fiberoptic bronchoscopy is a routine part of preoper-
ative evaluation of lung cancer patients, although it may be
performed at the time of more definitive surgical treatment.
It is valuable in the diagnosis and staging of lung cancer and
for assessment of the bronchial tree. For diagnosis of central
lesions, the yield with SCLC and NSCLC using bronchial for-
ceps to biopsy and brushings is greater than 70%, increasing
to more than 90% if an endobronchial component is appre-
ciated.21 Because mediastinal lymph nodes can be biopsied by
this technique, it is useful in staging. The sensitivity of this
procedure in mediastinal staging is only 50% but the speci-
ficity in 96%.22 Complications from this procedure are in-
frequent, but include bleeding and pneumothorax.5 For pe-
ripheral lesions the diagnostic yields from bronchoscopy and
transbronchial needle biopsies and washings are only 40% 
to 80%.

TRANSTHORACIC NEEDLE ASPIRATION

Transthoracic needle aspiration (TTNA) is performed by ra-
diologists with expertise in the area in close collaboration
with a pathologist with the obtainment of either cytological
or histological material for evaluation. This is the procedure
of choice if a diagnosis of a small peripheral nodule is desired.
CT or fluoroscopic guidance of transthoracic needle aspira-
tion can detect malignancy with an accuracy of 80% to
95%.23 Patients with indeterminate studies have a 20% to
30% chance of having cancer.23 Therefore, a negative or non-
diagnostic study does not preclude proceeding with surgical
intervention if suspicion is high that the lesion is cancerous.

THORACOSCOPY/THORACOTOMY FOR WEDGE RESECTION

Usually thoracoscopy or thoracotomy for wedge resection is
performed at the time definitive treatment is planned. Close
collaboration between surgeon and pathologist is essential.5

The presence of a pleural or pericardial effusion likewise re-
quires cytological proof of the presence of malignant cells in
the effusion before presuming inoperability, and thoraco-
scopic techniques may aid in the diagnosis. Thoracentesis
may also be used to obtain cytological diagnosis in malignant
pleural effusions.

CERVICAL MEDIASTINOSCOPY

Enlarged mediastinal lymph nodes on CT scan in the absence
of other more accessible evidence of disease necessitates me-
diastinoscopy for lymph node biopsy before surgical or alter-
native therapy initiation. It should be performed before tho-
racotomy in a patient with a CT scanning showing enlarged
mediastinal lymph nodes greater than 1 cm because the CT
scan is only 70% accurate in this case. If mediastinal lymph
nodes are not enlarged, the decision to proceed with medi-
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astinoscopy may be individualized. Cervical mediastinoscopy
allows access to the paratracheal lymph nodes, the subcari-
nal lymph nodes, and occasionally tracheobronchial angle
lymph nodes. This technique can be performed before planned
resective surgery, or at the time of thoracotomy.5

EXTENDED CERVICAL MEDIASTINOSCOPY

Extended cervical mediastinoscopy, left anterior mediastin-
otomy (Chamberlain procedure), or thoracoscopy can be used
to biopsy an enlarged aortopulmonary window and paraaor-
tic lymph nodes. Extended cervical mediastinoscopy is par-
ticularly useful if a standard cervical mediastinoscopy is 
negative for metastatic disease and the CT scan shows en-
largement of the aortopulmonary and paraaortic lymph nodes,
commonly seen in left upper lobe lung tumors. If standard
mediastinoscopy is negative and CT scanning does not show
enlargement in anterior mediastinal lymph nodes, extended
cervical mediastinoscopy is not recommended.

SCALENE NODE BIOPSY

Scalene lymph node biopsying during mediastinoscopy may
be valuable in N2 or N3 staged patients with centrally lo-
cated, nonsquamous lung cancers to identify those who would
not be helped by aggressive surgical intervention in combi-
nation with multimodal therapy.24

Staging of Non-Small Cell Lung Cancer

The TNM descriptors are shown in Table 39.5, and the mod-
ified staging system is shown in Table 39.6. Stages I through
IIIB are depicted schematically in Figure 39.4.

Surgical Management of Non-Small 
Cell Lung Carcinoma

The most effective treatment for NSCLC remains surgical re-
section. When surgical cure is not possible because of the ex-
tent of disease, chemotherapy and radiotherapy may provide
palliation. The best indicator that surgical therapy will pro-
vide cure is the stage of the lung cancer at diagnosis. All the
primary lung tumor and surrounding intrapulmonary lym-
phatics must be removed. The removal must be complete.
Lobectomy is the procedure of choice, but pneumonectomy
may be required for negative surgical margins. Mediastinal
lymph nodes should be dissected or sampled for the most ac-
curate staging. Utilizing these surgical principles, stage I and
II and a subset of stage III non-small cell lung cancers are
treated best by complete resection.6 New solitary pulmonary
nodules should be resected in any patient medically fit to un-
dergo surgical removal. Optimization of preoperative pul-
monary and overall medical status will result in less postop-
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TABLE 39.5. Lung Cancer TNM Descriptors.

Primary tumor (T)
TX Primary tumor cannot be assessed, or tumor proven by the presence of malignant cells in sputum or bronchial washings but not

visualized by imaging or bronchoscopy
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor �3 cm in greatest dimension, surrounded by lung or visceral pleura, without bronchoscopic evidence of invasion more

proximal than the lobar bronchus* (i.e., not in the main bronchus)
T2 Tumor with any of the following features of size or extent:

�3 cm in greatest dimension
Involves main bronchus, �2 cm distal to the carina
Invades the visceral pleura
Association with atelectasis or obstructive pneumonitis that extends to the hilar region but does not involve the entire lung.

T3 Tumor of any size that directly invades any of the following: chest wall (including superior sulcus tumors), diaphragm, mediasti-
nal pleura, parietal pericardium; or tumor in the main bronchus �2 cm distal to the carina, but without involvement of the ca-
rina; or associated atelectasis or obstructive pneumonitis of the entire lung

T4 Tumor of any size that invades any of the following: mediastinum, heart, great vessels, trachea, esophagus, vertebral body, ca-
rina; or tumor with a malignant pleural or pericardial effusion,† or with satellite tumor nodule(s) within the ipsilateral primary
tumor lobe of the lung

Regional lymph nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis to ipsilateral peribronchial and/or ipsilateral hilar lymph nodes, and intrapulmonary nodes involved by direct exten-

sion of the primary tumor
N2 Metastasis to ipsilateral mediastinal and/or subcarinal lymph node(s)
N3 Metastasis to contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular lymph node(s)

Distant metastasis (M)
MX Presence of distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis present‡

*The uncommon superficial tumor of any size with its invasive component limited to the bronchial wall, which may extend proximal to the main bronchus,
is also classified T1.

†Most pleural effusions associated with lung cancer are due to tumor. However, there are a few patients in whom multiple cytopathologic examinations of
pleural fluid show no tumor. In these cases, the fluid is nonbloody and is not an exudate. When these elements and clinical judgment dictate that the effusion
is not related to the tumor, the effusion should be excluded as a staging element and the patient’s disease should be staged T1, T2, or T3. Pericardial effusion
is classified according to the same rules.

‡Separate metastatic tumor nodule(s) in the ipsilateral nonprimary tumor lobe(s) of the lung also are classified M1.

Source: Mountain CF. Revisions in the international system for staging lung cancer. Chest 1997;111:1711.32 Reprinted with permission.



erative morbidity and mortality. Patients should be counseled
in smoking cessation before surgical resection, and ideally be
smoke free for several weeks before surgery.

Determination of Operability

PREOPERATIVE LUNG FUNCTION ASSESSMENT

Patients thought to be resectable need pulmonary function
tests before major lung resections. Routine pulmonary func-
tion tests and an arterial blood gas provide the necessary in-
formation in most instances, but borderline pulmonary func-
tion may require radionuclide scanning or exercise testing. If
on spirometry testing the FEV1 is greater than 2.0 l or greater
than 60% of predicted normal value, pneumonectomy is
thought to be safe in an otherwise healthy patient.25 Maxi-
mal voluntary ventilation above 50% of predicted normal, a
ratio of residual volume to total lung capacity below 50%,
and a diffusing capacity greater than 60% of predicted are fur-
ther indicators a patient can tolerate a pneumonectomy. Ar-
terial hypoxemia (PaO2 � 50–60 torr on room air), and hy-
percapnia (PaCO2 � 45 torr) are relative contraindications.5,25
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TABLE 39.6. Stage Grouping: TNM Subsets.

Stage TNM Subset

0 Carcinoma in situ
IA T1N0M0
IB T2N0M0
IIA T1N1M0
IIB T2N1M0

T3N0M0
IIIA T3N1M0

T1N2M0
T2N2M0
T3N2M0

IIIB T4N0M0
T4N1M0
T4N2M0
T1N3M0
T2N3M0
T3N3M0
T4N3M0

IV Any T Any N M1

*Staging is not relevant for occult carcinoma, designated TXN0M0.

Source: Mountain CF. Revisions in the international system for staging lung
cancer. Chest 1997;111:1712.32 Reprinted with permission.

FIGURE 39.4.  A. Schematic of stage I disease. B. Stage II disease. C.
Stage IIIA disease. D. Stage IIIB disease. [Adapted from Mountain CF.
A new international staging system for lung cancer. Chest
1986;89:225S–233S, and updated to reflect revisions in the interna-

tional system for staging lung cancer (Mountain CF. Revisions in the
international system for staging lung cancer. Chest 1997;111:1710–
171732).]
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MEDICAL CONTRAINDICATIONS

A patient’s overall medical health must be assessed before
consideration of surgical resection. Attention must be given
to patient’s age, pulmonary function (as discussed above), 
and extent of resection necessary.26 Coexisting diseases and
weight loss (10%) before surgery place a patient at increased
risk for postoperative complications. A history of angina or
abnormal preoperative EKG requires a radionuclide cardiac
study to assess perfusion or function and, if positive, a car-
diac catherization should be performed before lung resection.
Recent myocardial infarction, stroke, severe congestive heart
failure, or refractory arrhythmias make a patient inoperable
for medical reasons.

Surgical Procedures

LOBECTOMY

Lobectomy is the preferred and most frequently performed
operative procedure for early-stage lung cancer. The Lung
Cancer Study Group (LCSG) conducted a prospective, ran-
domized trial comparing lobectomy to segmentectomy or
wedge resection in patients not able to tolerate a lobectomy
with stage I (T1N0M0) lung cancer and found no differences
in morbidity, mortality, or postoperative pulmonary function
between the groups. Locoregional recurrence was signifi-
cantly higher in patients undergoing conservative pulmonary
resections (15%) compared to patients who underwent lobec-
tomy (5%).27 Mortality after lobectomy is less than 3%.28

PNEUMONECTOMY

Often intraoperatively a patient is found to have a cancer com-
pletely resectable only by a pneumonectomy. Cases in which
a pneumonectomy is usually required include central lesions
at the orifices of lobar bronchi, lymph node involvement by
cancer proximal to the upper lobe takeoff, involvement of
“sump” lymph nodes located on the pulmonary artery be-
tween lobes (except when involvement is of sump nodes be-
tween right middle and lower lobes, where a bilobectomy can
be performed), and involvement of lymph nodes along the
main pulmonary artery.6 Careful patient selection in cases of
lung cancer requiring pneumonectomy for complete resec-
tions is necessary. Mortality after pneumonectomy should be
less than 7%.28

WEDGE RESECTION/SEGMENTECTOMY

These procedures should be performed for lung cancer only
in patients with limited pulmonary function. As noted, the
high local–regional recurrence rate requires close follow-up
for patients treated by these operations.

THORACOSCOPIC PROCEDURES

The use of thoracoscopy before thoracotomy to confirm the
diagnosis of lung cancer or evaluate a pleural effusion is well
established, but its use in performing lobectomies and medi-
astinal lymph node dissection is being investigated.

SLEEVE RESECTION

Sleeve lobectomy may be considered as an alternative to
pneumonectomy, and may be performed on all five lobes. The

procedure entails resection of the mainstem bronchus and lo-
bar orifice of the lobe involved, lobectomy, and reanastomo-
sis of other lobar bronchi to the remaining larger proximal
bronchus. Patients over the age of 65, those with chronic ob-
structive pulmonary disease, and those with second primary
lung cancers should be considered for sleeve resections when
they present with tumors precluding lobectomy, as these pa-
tients poorly tolerate extensive pulmonary resections.

MEDIASTINAL LYMPH NODE DISSECTION

Mediastinal lymph node dissection is an integral part of surgi-
cal treatment of patients with lung cancer if it allows the most
accurate staging. The normal number of nodes removed in a
mediastinal lymph node dissection is 25 to 40, and more nodes
are removed by dissection versus sampling. For stage I or II lung
cancers, mediastinal lymph node dissection confirms the ab-
sence of mediastinal node involvement. For stage IIIA, the value
of mediastinal lymph node dissection is in further defining ex-
tent of disease and potentially improving survival.29–31

Results of Surgical Resection

Survival curves based on clinical staging of NSCLC are shown
in Figure 39.5.

Stage I

Following surgical resection for stage I NSCLC the 1-year sur-
vival rate is between 72% and 94% and the 5-year survival
rate is between 38% and 67%. The presence of symptoms,
vascular invasion, pleural invasion, and tumor size greater
than 3 cm are significant multivariate independent variables
for early recurrence and cancer death in stage I NSCLC.

Stage II

Following surgical resection, patients diagnosed with stage II
NSCLC experience 1-year survival rates between 55% and
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FIGURE 39.5.  Survival curves for 5 years based on pathological stag-
ing through stage IIIB. Some IIIB–IV were staged radiographically with
biopsy proven metastases. Overall median survival, 10 months. Num-
ber symbol (#) denote censored data.



89% and 5-year survival rates between 22% and 55%. Fa-
vorable prognostic indicators were tumors smaller than 3 cm
and single N1 node involvement. Either distant metastases
or locoregional recurrences occurred in 53% of patients. Over-
all distant metastases were the most common type of recur-
rence, with the most frequent site or relapse being the brain.

Stage IIIA

Improved survival is seen in the subset of stage IIIA NSCLC
that is amenable to complete surgical resection. Following de-
finitive multimodality therapy including surgical resection,
5-year survival of 23% to 25% is seen in this stage of disease
as staged surgically and pathologically.32

Stage IIIB–IV

The role of surgical treatment in stage IIIB–IV is currently
controversial. Clinically staged IIIB NSCLC patients have 
1-year survival rates between 32% and 37% and 5-year sur-
vival rates between 3% and 7%. Occasional cures have been
seen with resections of T4 lesions, and carinal pneumonec-
tomy may result in long-term survivors in carefully selected
patients with T4 lesions invading the carina. Patients with
clinically stage IV disease have a 1-year survival rate of 20%
and 5-year survival rate of 1%.32 Selected patients with stage
IV disease may be candidates for surgical resection.

Superior Sulcus Tumor

These tumors, arising in the apex of the lung (Pancoast tu-
mors), are currently best treated initially by radiotherapy. A
pathological diagnosis is a prerequisite to treatment and fine-
needle aspiration is the procedure of choice for confirmation
of lung cancer.33 The majority of superior sulcus tumors are
adenocarcinomas. Palliation of the characteristic arm pain
may be achieved with radiation treatment alone or combined
radiation and surgery with good to excellent success. Cura-
tive treatment of superior sulcus tumors can consist of ra-
diotherapy and resection or combination of chemotherapy, ra-
diotherapy, and resection. Five-year survival after curative
treatment with radiotherapy followed by surgery is approxi-

mately 40% compared to 20% after radiotherapy alone (50–
60 Gy).33

Other Pulmonary Cancers

Multiple primary lung cancers are seen in approximately 0.8%
to 7.6% of patients, occurring synchronously in 0.26% to
1.33% and metachronously in 0.5% of all lung cancer cases.34

This low number of synchronous primary lesions necessitates
evaluation of two lesions for the possibility of (1) two benign
lesions; (2) two cancers metastatic from extrathoracic sites; (3)
one benign and one malignant pulmonary lesion; (4) two pri-
mary lung cancers; and (5) one primary lung cancer and one
metastatic lesion. Treatment of synchronous and metachro-
nous primaries is surgical resection if possible; pulmonary
compromise after resection needs preoperative evaluation.

Induction and Adjuvant Therapies

Stage I through IIIA NSCLC

Four randomized, prospective adjuvant therapy trials have
been reported evaluating patients with stage I lung cancer
(Table 39.7). From these studies, recommendation for adju-
vant therapy after resection for stage I cancers cannot be made.

The Lung Cancer Study Group has reported three com-
pleted adjuvant therapy trials for stage II or III lung cancer
(Table 39.8).35–37 None showed a significant survival ad-
vantage with adjuvant therapy administration.

The role of postoperative radiotherapy in treatment of pa-
tients with completely resected non-small cell lung cancer
was recently evaluated in a meta-analysis from nine ran-
domized trials38 comparing postoperative radiotherapy versus
surgery alone. The findings from this meta-analysis were sur-
prising, showing a significantly adverse effect of postopera-
tive radiotherapy on survival.

There have been five recently completed randomized tri-
als evaluating neoadjuvant treatment of patients with stage
II or III NSCLC (Table 39.9).39–43 Though not conclusive,
there was some evidence that induction/preoperative chemo-
therapy or chemoradiotherapy may offer a survival benefit.
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TABLE 39.7.

Randomized, Prospective Adjuvant Stage I NSCLC Trials (Level I Evidence).

Patients
Study (n) Treatment Eligibility Survival

LCSG (1981)56 425 S � Intrapleural T1N0, T2N0, T1N1 NS
BCG/S � Saline resected

Niiranen et al. (1992)57 99 S � C/S T1-3N0 p � 0.05
resected

LCSG (1993)58 269 S � C/S T2N0-T1N1 NS
resected

Japan (1995)59 309 S � C/S Stage I-III NS
resected (adjusted

survival,
p � 0.044)

LCSG, Lung Cancer Study Group.



In summary, for lung cancer patients with stage II to IIIA
tumors, there appears to be a trend toward improved survival
with multimodality treatment. Newer chemotherapeutic
agents will most likely convert this trend into significance.
Whether postinduction surgery is the standard of care in pa-
tients with stage IIIA disease remains debated44 and will be
answered only by further randomized, controlled trials with
careful subset selections.

Stage IIIB

At the current time resection of N3 disease can not be rou-
tinely recommended. Patients with T4N0-1 stage IIIB disease
may benefit from postinduction surgery.

Stage IV

Stage IV disease is, for the most part, considered incurable
and is treated with palliative chemotherapy and radiation.

ADRENAL METASTASES

At presentation 5% to 10% of patients with non-small cell
lung cancer have adrenal metastases.45 The percentage of pa-
tients with operable lung cancer and solitary adrenal metas-
tases, however, is lower, ranging from 1.62% to 3.5%.45,46

When a patient with potentially curable NSCLC is found to
have an adrenal mass, a diagnosis of benign versus malignant
needs to be made. In a treatment protocol, resection of iso-
lated adrenal metastasis can be undertaken.

BRAIN METASTASES

Surgical removal of brain metastases for NSCLC is the best
treatment for both palliation and possible long-term sur-
vival.47 Without treatment of brain metastasis, the survival is
only 1 month.34 Treatment of brain metastases with steroids
palliates symptoms and extends the median survival to 2
months. Radiation treatment also extends survival, on the or-
der of 3 to 6 months. Five-year survival of approximately 30%
is seen after complete resection of solitary brain metastases.34
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TABLE 39.8.

Randomized, Prospective Adjuvant Therapy in Stage II–III NSCLC (Level I Evidence).

Patients
Study (n) Treatment Eligibility Survival

LCSG (1986)37 130 S � C/S � BCG � Resected stage NS
levamisole II/III adeno- and large cell

carcinomas
LCSG (1986)36 210 S � RT/S Resected stage NS

II/III squamous cell
carcinoma

LCSG (1988)35 164 S � C � RT/ Incompletely resected NS
S � RT NSCLC

Japan (1993)60 181 S � C/S Resected stage III NS
(any T3 or N2)

Dautzenberg (1995)61 267 S � C � RT/S � RT Resected stage I–III NS
(71% stage III)

TABLE 39.9.

Randomized, Prospective Induction Therapy in Stage II–III NSCLC (Level I Evidence).

Study # of patients Treatment Eligibility Survival

NCI39 28 C � S � C/ Stage IIIA p � 0.12
S � RT (N2 disease biopsy

proven)
M.D. Anderson40 60 C � S � C/S Stage IIIA (mixed, p � 0.008

N2 not required)
some IIIB

Spain41 60 C � S � RT/ Stage IIIA (mixed, p � 0.001
S � RT N2 not required)

Japan42 83 C � RT � S/ Clinical IIIA NS
S Select IIIB

CALGB, 199743 57 C � S � C � RT/ Stage IIIA NS
RT � S � RT (N2 disease biopsy

proven)



Follow-Up of Lung Cancer Patients

There are no definitive guidelines for follow-up of lung can-
cer patients following surgical resection. Although frequency
of follow-up remains debated, examination including chest
radiograph every 3 months to 4 months for the first year, fol-
lowed by every 6 months afterward, is commonly practiced
by thoracic surgeons. Although not recommended, an annual
chest CT scan can be obtained.

Small Cell Lung Cancer

Small cell lung cancer represents approximately 15% of all
lung cancers and has the poorest 5-year survival of all histo-
logical types. The approach to treatment is different, and in
general a significantly larger role is played by the medical on-
cologist than the thoracic surgeon. Exposure to tobacco
smoke and environmental risk factors such as ionizing radi-
ation play a high risk in the development of SCLC. Current
5-year survival for SCLC is 5% to 10%.

Treatment of SCLC

The treatment of SCLC depends on stage at diagnosis. There
have been multiple reports of surgery followed by chemother-
apy with or without radiotherapy in the treatment of patho-
logical stage I or II SCLC. The results have been quite en-
couraging for surgical treatment in this group of patients, with
an overall 5-year survival rate of 54%.48–53 Unfortunately,
stage I/II disease represents only 1% of SCLC patients at di-
agnosis. For patients with stage IIIA/IIIB (limited stage) SCLC,
the results of surgery after chemotherapy and radiotherapy do
not suggest a significant survival benefit for patients treated
with surgery after chemotherapy with or without radiother-
apy compared to patients treated with chemotherapy with or
without radiotherapy without surgery.54 Therefore surgical
treatment of limited stage IIIA/IIIB SCLC is currently not rec-
ommended, and chemotherapy with concurrent or alternat-
ing radiotherapy is the preferred treatment. Palliative chemo-
therapy is the cornerstone of treatment of patients with
extensive (stage IV) SCLC.
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Lung Infections 
and Trauma

R. Lawrence Reed

Thoracic Trauma

Trauma to the chest is a common occurrence in modern so-
ciety, with chest trauma causing one of every four trauma
deaths in North America. Overall mortality for thoracic
trauma is roughly 10%, with about 15% of patients with tho-
racic trauma requiring operative therapy. The most common
intervention provided to thoracic trauma patients is insertion
of a thoracostomy tube.

The standard evaluation of the acutely injured patient has
been defined by the Advanced Trauma Life Support Course of
the American College of Surgeons. Because of the vital car-
diorespiratory organs housed in the thoracic cavity, the initial
assessment of the trauma patient should identify any imme-
diately life-threatening injuries. Such injuries include airway
obstruction, open pneumothorax, tension pneumothorax, flail
chest, massive hemothorax, and cardiac tamponade. The pri-
mary survey undertaken in the acutely injured patient goes
through the “ABC” evaluation of airway, breathing, and cir-
culation. Although usually not immediately life threatening,
there are several other intrathoracic injuries that are poten-
tially lethal if not effectively treated, including various rup-
tures (aortic, diaphragmatic, esophageal, or tracheobronchial)
and contusions (pulmonary and myocardial). These injuries are
usually detected during the secondary survey, including the
use of adjunct diagnostic procedures such as chest radiography.

Early management of the injured patient with intratho-
racic injuries is identical with that of any injured patient. An
adequate airway must first be established or maintained,
which may sometimes require endotracheal intubation. Ef-
fective ventilation must be instituted by whatever means nec-
essary: this may require the placement of a thoracostomy tube
in the case of a pneumothorax or a hemothorax. Circulatory
support for patients in shock is initially provided by place-
ment of two large-bore intravenous catheters and the rapid
infusion of warmed Ringer’s lactate. Blood transfusion is war-
ranted in patients who have sustained a class III or a class IV
hemorrhage as defined by the American College of Surgeons.
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Chest radiographs are invaluable in the assessment and
management of the injured patient with thoracic trauma.
Findings on chest X-rays can often lead to a suspicion or di-
agnosis of a variety of traumatic conditions (Table 40.1).

It is infrequently necessary to perform a thoracotomy on
injured patients. However, there are some clear acute indica-
tions for a thoracotomy in the traumatic setting. These include
cardiac tamponade, great vessel injury or vascular injury at the
thoracic outlet, traumatic thoracotomy (i.e., loss of chest wall
substance), tracheal or bronchial injury (e.g., massive air leak),
esophageal injury, massive or continuing hemothorax, thoracic
penetration with industrial liquids (especially coal tar prod-
ucts), bullet embolism to the heart or pulmonary artery, the
transcardiac placement of an inferior vena cava shunt for retro-
hepatic vascular wounds, and recent cardiac arrest in patients
with penetrating truncal trauma. In less acute settings, thora-
cotomies are performed in trauma for indications including un-
evacuated clotted hemothorax, chronic traumatic diaphrag-
matic hernia, traumatic cardiac septal or valvular lesions,
chronic traumatic aortic thoracic pseudoaneurysm, nonclosing
thoracic duct fistula, chronic posttraumatic empyema, trau-
matic lung abscess, tracheoesophageal fistula, innominate
artery–tracheal fistula, and traumatic arteriovenous fistula.

Tension Pneumothorax

A tension pneumothorax is an acute life-threatening condi-
tion that results when air pressure progressively accumulates
in the pleural space. It can be caused during mechanical ven-
tilation with positive end-expiratory pressure, with a sponta-
neous pneumothorax in which ruptured emphysematous bul-
lae fail to seal, or blunt chest trauma with failure of the lung
parenchymal injury to seal. In the acutely traumatic setting,
a common mechanism for tension pneumothorax is the de-
velopment of a simple pneumothorax from a lung laceration.
If the patient subsequently requires intubation and mechan-
ical ventilation, air will then enter the pleural space under
positive pressure but cannot exit.



The consequences of tension pneumothorax are parenchy-
mal compression of the lung, shift of the mediastinum, and
impaired venous return to the heart because of the elevated
intrathoracic pressure. Hemodynamic instability is the sine
qua non of tension pneumothorax in the acute trauma set-
ting, and it poses an immediate threat to life. The diagnosis
should typically be purely a clinical diagnosis, as there is usu-
ally insufficient time for diagnostic studies. Diagnostic clues
are provided by the presence of respiratory distress with hy-
potension, jugular venous distension, unilateral percussive
hyperresonance, and tracheal deviation. Needle decompres-
sion of the chest can be diagnostic and therapeutic, performed
by placing a large-bore (12- to 14-gauge) needle over the su-
perior edge of the second or third rib of the hyperresonant
side in the midclavicular line. A subsequent chest tube in-
sertion is mandatory as the needle decompression is only a
temporizing maneuver.

Open Pneumothorax

Open pneumothoraces result from larger chest wall defects.
Usually the defect must be at least two-thirds of the tracheal
diameter for the pathway of least resistance for airflow to be
through the defect; this results in what is commonly called a
“sucking chest wound.” Ventilatory insufficiency develops as
a result of disruption of the bellows mechanism provided by
the intact chest wall; negative pressure cannot adequately de-
velop to expand the lung. Initial ventilatory assistance can be
provided by applying an occlusive dressing taped securely on
three sides; this provides a temporary one-way valve, allow-
ing air to exit the chest but not reenter. This process converts
the open pneumothorax to a closed pneumothorax. Because
evacuation of air can sometimes be compromised, there is a
danger of developing a tension pneumothorax. If a tension
pneumothorax develops, it can be relieved temporarily by lift-
ing the dressing and allowing the accumulated intrapleural air
to escape. A chest tube must be inserted to effectively com-
plete the arrangement by facilitating reestablishment of neg-
ative intrapleural pressure. Surgical debridement and closure
is required in most cases of open pneumothorax, sometimes
requiring chest wall reconstruction to handle the defect.

Massive Hemothorax

Massive is typically defined as more than 1500 ml of bloody
output after placement of a chest tube or more than 200 ml/h
output for more than 2 to 4 h. It is most commonly caused
by major systemic or pulmonary vessel disruption and usu-
ally results from penetrating forms of trauma. The neck veins
may be flat because of the severe hypovolemia or they may
be distended from elevated intrathoracic pressure resulting
from blood accumulation in the chest. The diagnosis should
be suspected in a patient who is in shock with unilateral per-
cussive dullness and the absence of breath sounds in one
hemithorax. The condition is managed by the simultaneous
restoration of blood volume and chest decompression with at
least one large-bore (36-French) chest tube insertion. All pa-
tients with massive hemothorax should be taken promptly to
the operating room for definitive control of their hemorrhage.
Animal studies suggest that clamping the chest tube to help
tamponade bleeding (to “buy time” while getting the patient
to the operating room) does not offer a physiologic advantage
and is therefore not recommended.

Flail Chest

Flail chest is defined as paradoxical movement of a portion
of the chest wall, usually produced by a fracture of two or
more ribs or the sternum in two or more places. In other
words, a significant length of chest wall must be involved
with the injury to produce an instability sufficient to be no-
ticeable. Flail chest is typically associated with chest wall
pain, dyspnea, hypoxia, and pulmonary failure.

Based upon a number of clinical studies, nonventilatory
therapy of flail chest has emerged as the standard method 
for treatment. Endotracheal intubation and mechanical ven-
tilation are reserved for cases of flail chest associated with
true respiratory failure. This method of management has gen-
erally been shown to reduce morbidity, mortality, and hos-
pital cost over mandatory ventilatory support for all flail chest
patients.

Still controversial is the issue of the need for chest wall
stabilization. Multiple studies suggest that there is a marked
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TABLE 40.1. Association Between Abnormal Findings on Chest X-Ray and Associated Traumatic Conditions.

Abnormal finding Potentially associated traumatic condition

Any rib fracture Pneumothorax
Fracture, first 3 ribs Airway or great vessel injury
Fracture, ribs 9–12 Abdominal injury
2 or more rib fractures in 2 or more places Flail chest, pulmonary contusion
GI gas pattern in chest Diaphragmatic rupture
Nasogastric tube in chest Diaphragmatic rupture, ruptured esophagus
Air–fluid level in chest Hemothorax, diaphragmatic rupture
Sternal fracture Myocardial contusion, head injury, cervical spine injury
Mediastinal hematoma Great vessel injury, sternal fracture
Disrupted diaphragm Abdominal visceral injury
Respiratory distress CNS injury, aspiration
Persistent large pneumothorax after chest tube insertion Bronchial tear, esophageal disruption
Mediastinal air Esophageal disruption, pneumoperitoneum, tracheal injury
Scapular fracture Airway or great vessel injury, pulmonary contusion
Subdiaphragmatic air Ruptured hollow abdominal viscus



improvement seen in those patients who have undergone op-
erative chest wall stabilization, allowing for more rapid wean-
ing from mechanical ventilation and fewer associated com-
plications. Unfortunately, no prospective, randomized trial
exists concerning the issue. Based upon the available evi-
dence, however, operative stabilization of chest wall should
be considered when extensive flail chest is present.

From the experience and study of flail chest and pul-
monary contusion, it has become apparent that aggressive
pulmonary toilet is essential for good clinical outcomes to
occur. Generally, it appears that epidural and intrapleural
anesthesia or analgesia benefit patient care from the stand-
point of pain relief and pulmonary function with minimal
side effects or complications.

Cardiac Tamponade

Cardiac tamponade can result from either penetrating or blunt
injuries. As the result of injury, blood leaks into the pericar-
dial sac, impeding further ventricular filling and thereby de-
pressing cardiac output. Because of the fixed fibrous nature
of the pericardium, very little fluid is required to produce he-
modynamic changes. As little as 60 to 100 ml of blood and
clots in the pericardium are necessary to produce tamponade
physiology. Thus, clinical relief may be achieved with re-
moval of as little as 15 to 20 ml.

Ideally, the clinical diagnosis is made by detecting Beck’s
triad, consisting of hypotension, jugular venous distension,
and muffled heart sounds. However, Beck’s triad is detectable
in only 10% to 40% of cases, Thus, myocardial tamponade
is usually suspected by the presence of persistent hypoten-
sion and the finding of an elevated central venous pressure.
This same constellation of findings, however, can be associ-
ated with tension pneumothorax, shivering, or straining.
Moreover, volume infusion can temporize and maintain a pa-
tient’s blood pressure in a state of compensated tamponade.
However, there is a critical level of intrapericardial volume
that will produce severe unrelenting hypotension.

The diagnosis of cardiac tamponade is confirmed by per-
forming subxyphoid pericardiocentesis, although a 23% false-
negative rate has been reported.1 Aspiration of the contained
blood will usually ameliorate the patient’s circulatory prob-
lem. However, recurrence can occur. Therefore, it is impor-
tant to leave a catheter in place to allow for the performance
of repeated aspiration as necessary. Ultimately, pericardio-
centesis should always be considered only a temporizing ma-
neuver while preparing the patient for thoracotomy and de-
finitive control of the source of hemorrhage. Subxiphoid,
subdiaphragmatic, and transdiaphragmatic pericardiotomy
may also have a role in evaluation, diagnosis, and tempo-
rization.

Aortic Rupture

Aortic rupture can occur following blunt trauma, usually fol-
lowing a deceleration event. Most believe that the aorta is
torn as a result of an avulsion mechanism. Segments of the
aorta are relatively mobile within the mediastinum. These
mobile areas are partitioned by specific points of fixation,
namely, the pericardium at the aortic root, the ligamentum
arteriosum, and the crus of the diaphragm. With a sudden de-
celeration event, shear forces develop between the areas of

relative mobility and the areas of fixation, tearing the aortic
wall at the fixation points.

The prehospital mortality of aortic rupture is 85% because
the most common anatomical location for rupture is at the
aortic root. A tear in this location uniformly produces an im-
mediate and massive pericardial tamponade with nearly in-
stantaneous death. The next most common location for in-
jury is at the isthmus below the ligamentum arteriosum; as
a result of the near-100% mortality for aortic root injuries,
injuries at the ligamentum become the type most commonly
observed clinically. This type of injury is responsible for 80%
to 90% of those patients arriving alive. Other locations for
aortic injury that have been observed include the ascending
aorta (proximal to the innominate), the aorta at the origin of
the innominate, the aortic arch, and the descending aorta.

The diagnosis of blunt thoracic aortic injury requires a
high level of suspicion; 30% of patients with this injury will
have no external evidence of chest trauma. The chest radio-
graph is usually crucial to making the diagnosis, but injury
may exist without any obvious signs on the initial chest ra-
diograph. The role of serial chest radiographs has not been ad-
equately evaluated, although it has clearly been useful in
every trauma surgeon’s experience.

There are several radiological clues to thoracic great ves-
sel injury on chest radiograph (Table 40.2). In general, these
signs represent evidence of a mediastinal hematoma and are
thus not specific for aortic rupture, as injuries to several other
vessels in the mediastinum (usually venous) can produce the
findings. Nevertheless, these findings should prompt a more
thorough evaluation of the aorta for evidence of rupture, usu-
ally performed with an aortogram. However, in recent years,
computerized tomography (CT) of the chest has been in-
creasingly employed to evaluate the mediastinum for poten-
tial aortic injury. The CT scan can certainly detect the pres-
ence of a mediastinal hematoma much more accurately than
plain chest radiographs. In one study, for aortic injury and
mediastinal hemorrhage, respectively, specificity for trau-
matic aortic injury was 99% and 87% and sensitivity was
90% and 100%.

As previously mentioned, 80% to 85% of patients with
blunt aortic rupture die at the scene. Of those who survive
to hospital arrival, 21% die within 6 h of admission. With-
out operative treatment, 32% are dead within 24 h, and with-
out operative therapy mortality is 50% in the initial 48 h fol-
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TABLE 40.2. Radiological Signs of Mediastinal Hematoma or Tho-
racic Great Vessel Injury.

Widened mediastinum (�8 cm)
Depressed left mainstem bronchus (�140°)
Loss of aortic knob contour
Lateral tracheal deviation
Deviation of nasogastric tube in esophagus
Anterior tracheal displacement
Calcium “layering” in the aortic arch
Massive left-sided hemothorax
Fracture of thoracic spine, clavicle, sternum, or scapula
Loss of parasternal “stripe”
Loss of aorticopulmonary “window”
Left apical pleural hematoma “cap”



lowing injury. If no surgery is performed, 75% are dead from
rupture within less than a month.

Surgical management of aortic rupture is through a left pos-
terolateral thoracotomy and typically requires an interposition
woven or knitted graft. The potential for paraplegia exists be-
cause of temporary ischemia of the spinal cord. It has been ar-
gued that shunting may either ameliorate or worsen this risk.
Unfortunately, no randomized comparative trials have ever
been performed, and the issue of shunting appears to depend
solely on the individual surgeon’s preference and experience.

Diaphragmatic Rupture

The diaphragm can be injured through either blunt or pene-
trating mechanisms. Blunt trauma can produce radial tears in
the diaphragm, leading to herniation of abdominal viscera
through the resulting defect. Penetrating injuries can produce
small defects that may be initially undetectable by all meth-
ods except laparoscopy or laparotomy; however, over weeks,
months, or even years, the defect can enlarge sufficiently to
allow visceral herniation. Because the liver tends to protect
against visceral herniation, diaphragmatic rupture is more
commonly diagnosed on the left side. Chest radiographs are
usually the key diagnostic tool provoking a suspicion for di-
aphragmatic rupture, although misinterpretation is often pos-
sible. Findings that make one suspicious for the presence of
a diaphragmatic rupture include an elevated left hemidi-
aphragm, acute gastric dilatation, a loculated pneumohe-
mothorax, or a subpulmonic hematoma. Placement of a na-
sogastric tube can be diagnostic, as this will often reveal the
radiopaque strip of the tube to be coiled up in the left
hemithorax and not in its normal vertical midline position.
Diaphragmatic ruptures require surgical repair.

Esophageal Trauma

Because of its narrow dimension and protected location, the
esophagus is rarely injured in the chest. Both blunt and pen-
etrating mechanisms are possible. Esophageal rupture follow-
ing blunt injury can result from a forceful expulsion of gastric
contents into the esophagus from a severe blow in the upper
abdomen. An increasingly common mechanism for esophageal
injury is that resulting from instrumentation mishaps, such
as the placement of nasogastric tubes, endoscopes, Sengs-
taken–Blakemore (also known as Minnesota) tubes to tam-
ponade esophageal and gastric varices, and dilators.

The potential for esophageal injury should be suspected
in cases of a pneumohemothorax without rib fractures. The
presence of mediastinal air should also provoke a suspicion
for esophageal trauma. A definite indication of esophageal dis-
ruption is the placement of a chest tube that returns partic-
ulate matter. A contrast swallowing study can define the lo-
cation of the injury to help plan the surgical approach. Dilute
barium is considered the contrast solution of choice, although
Hypaque may also be used. While gastrografin (diatrizoate
meglumine) may seem to be a reasonable solution given its
water solubility and the lack of the contamination and suf-
fusion problems provide by barium, gastrografin may be a
problem if any of the solution is aspirated because it provokes
a severe pneumonitis.2,3

False-negative rates for esophagography are reported to
range from 0% to 50%.4–8 Rigid or fiberoptic esophagoscopy

can also be used to detect the presence of esophageal injury,
carrying false-negative rates ranging from 0% to 40%.9,10

However, the combination of esophagography and esophagos-
copy provides the highest sensitivity, with false-negative rates
typically less than 10%.11–13

Esophageal injuries should be repaired promptly to mini-
mize the potential for contamination to produce a severe in-
fection such as mediastinitis or empyema. If operative inter-
vention is early enough and the tissues appear healthy and
viable, then primary closure is the procedure of choice; one or
two layers of closure may be used. Nasogastric suction is es-
tablished with the nasogastric tube placed in its proper posi-
tion by the surgeon during operative repair. Extensive wound
drainage, typically with closed suction catheters, is routinely
employed to control any potential leak. With extensive injury
or soilage, esophageal exclusion or diversion may be benefi-
cial, employing a pharyngostomy and an operative or percu-
taneous gastrostomy.

Tracheobronchial Rupture

Tracheal injuries usually result from penetrating trauma. The
majority of bronchial injuries occur within 1 in. of the carina.
Most patients with this injury die at the scene of rapid suf-
focation. There is a 30% mortality among those who reach
the hospital, often the result of associated injuries.

The diagnosis of tracheobronchial rupture is frequently
missed. The condition can be suggested by hemoptysis, sub-
cutaneous emphysema, or a tension pneumothorax, although
these conditions are certainly common without the presence
of tracheobronchial rupture. However, a strong suspicion for
the presence of tracheobronchial rupture should be provoked
with the finding of a persistent and continuous (i.e., during
both inspiration and expiration) air leak. Bronchoscopy can of-
ten be useful in confirming the presence of tracheobronchial
rupture. A patient who presents with noisy breathing indicates
partial airway obstruction that could suddenly become com-
plete. Such a situation requires immediate operative repair.

Pulmonary Contusion

Pulmonary contusion represents the most common potentially
lethal chest injury in North America. Rupture of the pulmonary
microvasculature results in alveolar hemorrhage and intersti-
tial and alveolar flooding. Areas of microvascular occlusion de-
velop through the thrombotic process. Yet, the more physio-
logically damaging condition occurs in those areas where blood
is flowing around flooded alveoli, producing intrapulmonary
shunting and low ventilation/perfusion regions. The physio-
logical consequences of a sufficient volume of such alveolo-
capillary complexes are hypoxia and respiratory distress.

Endotracheal intubation should be selective, based on the
patient’s oxygenation and ventilation requirements. Primary
treatment for pulmonary contusion consists of pulmonary toi-
let, regional pain control, and judicious fluid maintenance.
Pulmonary contusions may predispose to infection in patients
who are intubated.

Myocardial Contusion

Myocardial contusion results from blunt chest trauma that
has caused a direct blow to the sternum, often pinning the
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heart between the sternum and the spinal column. The ad-
verse consequences of myocardial contusion are primarily
those of pump failure and dysrhythmias, with the latter being
the much more common occurrence. Overall, between 2.6%
and 4.5% of patients with myocardial contusion suffer clini-
cally significant cardiac complications.14 Significant pump
failure usually becomes evident early in the initial trauma as-
sessment and resuscitation during the primary survey. Ar-
rhythmias, however, may not show up immediately, although
they usually do present within several hours of injury.

Because of the potential for subsequent cardiac compli-
cations such as arrhythmias, early detection of myocardial
contusion is desired. The most important diagnostic element
for myocardial contusion is suspicion for injury based upon
the history of blunt chest trauma, especially if there is a re-
port of a “broken steering wheel.”

Physical examination may reveal the presence of precor-
dial tenderness, bruising, and ecchymosis. A sternal fracture
is often a strong clue for the presence of myocardial contu-
sion. The presence or absence of pericardial friction rubs
should be assessed. A variety of tests and studies have been
employed to help detect the presence or absence of myocar-
dial contusion. Typically, these include electrocardiography,
cardiac enzyme levels (primarily CPK-MB), echocardiography,
and radionuclide studies.

Electrocardiography (EKG) appears to be the single most
sensitive test for the presence of significant myocardial con-
tusion. Most of the EKG changes that require treatment will
occur within 24 h, especially in those patients without other
major injuries. There are no “classic” changes on the EKG
that are diagnostic of myocardial contusion. ST-segment and
T-wave changes may occur, but the clinical significance of
these changes is usually unclear. Of dysrhythmias, both atrial
and ventricular forms occur; it is these dysrhythmias that rep-
resent the most common indications for any specific treat-
ment for myocardial contusion.

Because of their value in the diagnostic evaluation of po-
tential myocardial infarction, cardiac enzymes have been
evaluated in the workup of potential myocardial contusion.
Unfortunately, their use can be problematic in the setting of
multiple trauma. The relatively small muscle mass of the
myocardium can be obscured by the larger muscle mass of
the rest of the body. It has been estimated that cardiac en-
zyme analysis can be insensitive for myocardial injury as
much as 40% of the time. The utility of troponin levels in
the setting of blunt trauma is not yet clear.

Echocardiography has also been used to evaluate patients
with potential mycardial contusion. The appearance is typi-
cally that of increased echocardiographic brightness, in-
creased end-diastolic wall thickness, and local systolic hypo-
function.

The ability for any of these and other diagnostic modali-
ties (such as radioisotope scanning) to identify those blunt
trauma patients at risk for developing myocardial contusion
has been the source of a great deal of controversy. While both
EKG and CPK-MB appear to correlate well with the potential
for cardiac complications, EKG is less problematic in the set-
ting of diffuse blunt trauma. Because the major complication
likely to develop from myocardial contusion is an arrhythmia,
determination of an initial EKG and monitoring the patient for
12 to 24 h appears likely to identify those patients seriously at
risk to develop significant cardiac complications.15–17

Emergency Department Thoracotomy

The use of thoracotomy in the emergency department was
originally described for penetrating cardiac injuries associated
with cardiac tamponade and other bleeding cardiopulmonary
wounds. The reports of successful cardiorrhaphy led to an ex-
tension of the indication for immediate thoracotomy to in-
clude other injuries.

Overall, best survival statistics following emergency de-
partment thoracotomy exist for penetrating cardiac injuries.
Other penetrating thoracic injuries (i.e., noncardiac) may also
benefit from emergency department thoracotomy. In general,
stab wounds appear to have a better prognosis than gunshot
wounds.

Pooled analysis from 24 studies concerning emergency de-
partment thoracotomy indicates that penetrating trauma vic-
tims are much more likely to survive than blunt trauma pa-
tients.18 The highest chances of survival (26%) are seen in
those patients who have vital signs at the scene as well as in
the emergency department; of course, these data raise the
question how necessary the thoracotomy was if vital signs
(and not merely electrical activity) were present in the emer-
gency department. When the issue of cost-effectiveness has
been evaluated, studies suggest that each survivor (regardless
of functional status) costs in excess of $100,000.19,20

In summary, emergency thoracotomy is best reserved for
penetrating thoracic trauma victims who have recently (i.e.,
within minutes) lost their vital signs. The use of this tech-
nique for blunt trauma victims and for patients with no vi-
tal signs at the scene appears to be futile, expensive, and po-
tentially hazardous.

Lung Infections

Pneumonia

ETIOLOGY AND PATHOGENESIS

In the surgical patient, pneumonia nearly always occurs as a
nosocomial process. It is a rare situation in which a patient
presents with community-acquired pneumonia who also re-
quires an operative procedure. In nearly every case, the pneu-
monia is related to intubation of the trachea, usually in as-
sociation with mechanical ventilation. Pneumonia remains
one of the leading types of infections complicating the course
of ICU patients, with the reported incidence ranging from
12% to 63% of ICU patients developing the condition.21–25

Mortality rates for ventilator-associated pneumonia ranges
from 13% to 55%.26

DIAGNOSIS

The diagnosis of nosocomial pneumonia is typically made
when a patient exhibits the combination of an abnormal tem-
perature, an abnormal white blood cell count, an infiltrate on
chest radiographs, and the presence of white blood cells in
the sputum. These diagnostic criteria are accurate, at best,
roughly 60% to 70% of the time in critically ill patients. The
diagnosis of nosocomial pneumonia is especially difficult in
the critically ill patient, who may be febrile and have an ab-
normal white blood cell count for a variety of reasons other
than a pneumonia. Moreover, such patients can often have
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pulmonary infiltrates from the adult respiratory distress syn-
drome (ARDS), aspiration pneumonitis, or pulmonary contu-
sions. Effusions and atelectasis can obscure or confuse the ra-
diological image sufficiently to make the diagnosis difficult.
The sensitivity of portable chest radiography in making the
diagnosis of nosocomial pneumonia is only 0.62, and the
specificity is low at 0.28.27

Because of these inherent problems in diagnosing pneu-
monia in intubated patients, adjunctive techniques have been
evaluated to help in confirming the diagnosis. Criteria for a
positive Gram stain have been increasingly refined. First, the
sputum contains more than 25 polymorphonuclear cells and
less than 10 epithelial cells per low-power field. These crite-
ria tend to ensure that purulence is actually present and to
minimize the likelihood that the specimen merely represents
mouth secretions. Bronchoalveolar lavage has been deter-
mined to have a sensitivity for the diagnosis of pneumonia
ranging from 72% to 100%.28

PREVENTION

Patients can be positioned to minimize aspiration by keeping
the head and chest well elevated above the abdomen if this
is not contraindicated by the patient’s clinical condition; this
position may also improve ventilation-perfusion relationships
and minimize atelectasis in comparison to that which devel-
ops in the recumbent position. Nasogastric tubes could be
avoided; if gastric decompression is necessary, surgical gas-
trostomy or percutaneous endoscopic gastrostomy (PEG) can
be employed. Enteral feedings should be supplied to the small
intestine when possible, thus minimizing gastric distension
and bacterial growth from intragastric feedings in a poorly
emptying stomach. Avoidance of gastric neutralization has
been proposed as an effective preventative measure, using su-
cralfate to protect against stress gastritis while maintaining
gastric acidity,29,30 although there is a suggestion that H2-
blockers may not promote pneumonia as much as do the
antacids.31

The concept of prophylactic antibiotics in intubated pa-
tients has been advanced as a method to potentially prevent
the development of pneumonia in this high-risk group. How-
ever, the use of systemic intravenous antibiotics for prophy-
laxis of pneumonia appears to offer no benefit.32

A more reasonable approach would be to target the or-
ganisms where they are living. Because the colonies respon-
sible for pneumonia are lining the throat and gastrointestinal
tract, the defenses in those areas should be enhanced.33 Se-
lective decontamination of the digestive tract (SDD) indicates
a method designed to prevent infection by eradicating and pre-
venting carriage of aerobic potentially pathogenic microor-
ganisms from the oropharynx, stomach, and gut. It consists of
antimicrobials applied topically to the oropharynx and
through a nasogastric tube. In some trials systemic antibiotic
therapy has been added in the first days after patient admis-
sion to prevent “early” infections. Unfortunately, there is no
standard SDD regimen that has been consistently applied in
all these studies. Evidence to date indicates that SDD can re-
duce infection rates, but it has not been shown to reduce mor-
tality. However, it has been estimated that to demonstrate a
reduction in mortality of 10% to 20%, a study would have to
include between 2000 and 3000 patients.34 Between 1991 and
1995, five different meta-analyses34–38 on the effect of SDD on
respiratory tract infections and mortality were published.
Their results are summarized in Table 40.3.

Moreover, despite evidence of efficacy, concern about the
risk of emergence of antimicrobial resistance and increased
costs have kept SDD from becoming a standard therapy.

TREATMENT

As with any localized infection, drainage is necessary to help
control the process. Thus, pulmonary toilet, especially includ-
ing deep breathing and coughing, is crucial to help eliminate
the contaminated pulmonary secretions. Because pneumonia
in the postoperative patient is usually related to endotracheal
intubation, efforts to move the intubated patient toward extu-
bation are generally regarded as key to effective therapy. Con-
version to a tracheostomy in those patients who are not easily
weaned can make pulmonary toilet more effective.

Antibiotic administration is specific therapy designed to
eliminate the invasive microbes. Upon making the clinical
diagnosis of pneumonia and obtaining a reliable sputum spec-
imen for culture and antibiotic sensitivity analysis, empiric
initial antibiotic therapy can be instituted.

Exactly which antibiotics to use for empiric initial treat-
ment is often a difficult issue. Studies and recommendations
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TABLE 40.3.

Meta-Analysis Performed on Studies Evaluating Selective Decontamination of the Digestive Tract.

Mortality Infections
Number

95% confidence 95% confidence
Study Studies Patients Odds ratio interval (CI) Odds ratio interval (CI)

Vandenbroucke-Grauls35 6 49 0.70 0.45–1.09 0.12 0.08–0.19
SDD Trialists’ Group34 22 4142 0.90 0.79–1.04 0.37 0.31–0.43
Heyland36 24 3312 0.87a 0.79–0.97a 0.46a 0.39–0.56a

Kollef 37 16 2270 0.019b �0.016 to 0.054b Pneumonia: 0.145b 0.116 to 0.174b

Tracheobronchitis: 0.052b 0.017 to 0.087b

Hurley38 26 3768 0.86 0.74–0.99 0.35 0.30–0.42
aRelative risk.
bRisk difference.



have been inconsistent. Thus, clinicians are currently pre-
sented with a difficult dilemma: effective empiric antibiotic
treatment appears important in ensuring a successful out-
come, yet there are no globally acceptable guidelines direct-
ing the appropriate selection of antibiotics. Knowledge of the
ambient sensitivity of the microbiologic flora in one’s own
institution is crucial to selecting the optimal agents for em-
piric treatment of nosocomial pneumonia. Subsequent cul-
ture data should be used to refine the antibiotic regimen. En-
suring that adequate doses are administered to achieve
effective tissue levels are also essential in controlling the in-
fectious process.39

Lung Abscess

On occasion, infecting organisms involved in a pneumonic
process in the lung will promote abscess formation through
fibroblastic proliferation, walling off the infectious process. If
the abscess cavity erodes into a bronchoalveolar space suffi-
ciently to drain its contents, cavitation can occur. The re-
sulting cavity can become secondarily infected. Usually, how-
ever, lung abscesses occur in patients with oral or dental
infections who sustained a depression in their level of con-
sciousness and aspirated their oral secretions. Most lung ab-
scesses occur in the superior segment of the lower lobes of
both lungs and the posterior segment of the right upper lobe.
The most common organisms responsible for aspiration-
induced abscesses are anaerobic bacteria.

The diagnosis is suspected in an individual with cough
and fever. Hemoptysis or purulent, foul-smelling sputum may
be produced. The diagnosis is confirmed with a chest radio-
graph, which can demonstrate an air–fluid level on an upright
film. However, other conditions can often obscure the ap-
pearance, making it impossible to detect with any study short
of a CT scan.

Most lung abscesses will respond and resolve with appro-
priate antibiotic therapy and pulmonary toilet. Surgical ther-
apy is reserved for those cases that fail to resolve with non-
operative management or for those patients who develop
severe hemoptysis, bronchopleural fistula, or empyema. Pul-
monary resection is warranted if the abscess cavity is larger
than 6 cm in diameter for more than 8 weeks of aggressive
antibiotic therapy.

Initial treatment of lung abscess is with the use of an-
tibiotics effective against the offending organism. Therefore,
accurate culture material from the lung is imperative to pre-
scribe appropriate therapy. This may require bronchoscopy,
to determine the bacterial identity and sensitivities.
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Pleura: 
Anatomy, Physiology, 

and Disorders
Joseph S. Friedberg

Anatomy

Embryology and Microscopic Anatomy

Embryologically, the pleural cavity is created during a month,
starting in the third week of gestation. Eventually, the vis-
ceral pleura surrounds the lung and the parietal pleura lines
the remainder of the chest cavity. The different embryologi-
cal origins of the visceral and parietal pleura are responsible
for the separate vascular, lymphatic, and neural supplies of
these two structures as seen in the adult. By the end of the
seventh week of gestation, the diaphragm has separated the
thoracic cavity from the peritoneal cavity, and by the third
month of gestation the two pleural cavities have expanded
sufficiently to encase the pericardium.1

In the adult, both pleural surfaces are approximately 30
to 40 �m thick and are composed of a single layer of mesothe-
lial cells with an underlying layer of connective tissue. It is
these apposing layers of mesothelial cells that form the po-
tential space of the pleural cavity and which glide over each
other during respiration.2–4

The connective tissue layer contains the neurovascular
and lymphatic supply of the pleura. There are certain impor-
tant differences in this layer between the visceral and pari-
etal pleura. For the visceral pleura, the connective tissue layer
is functionally continuous with the fibroelastic network of
the lung itself. Pathological disruption of this connection,
however, may result in subpleural air collections known as
blebs.5 The connective tissue layer for the parietal pleura may
also be tightly adherent to the underlying structures, as is
characteristic of the diaphragmatic pleura. Around the skele-
tal portion of the thorax, however, the pleura is bound to the
underlying tissue by another connective tissue layer called
the endothoracic fascia, which forms a natural cleavage plane.
It is this plane that the surgeon develops when performing an
“extrapleural” dissection.5,6

The blood supply to the visceral pleura in humans is
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thought to reflect that of the lung itself, with a dual arterial
supply from both the pulmonary and bronchial arteries and
singular venous drainage into the pulmonary veins. The blood
supply to the parietal pleura is from systemic arteries only
and drains, predominantly, into peribronchial and intercostal
veins, but it may also drain directly into the azygous vein and
vena cava.7–9

The visceral pleura is innervated by vagal and sympathetic
fibers, but has no somatic innervation and is therefore in-
sensate. The parietal pleura is also innervated with sympa-
thetic and parasympathetic fibers, but it is also somatically
innervated. Thus, the parietal pleura is capable of sensing and
transmitting the sensation of pain. “Pleurisy” from inflam-
mation and pain from chest tubes, during insertion and sub-
sequently as well, are attributable to the somatic interven-
tion of the parietal pleura.

There are also differences in the lymphatic drainage be-
tween the two pleural layers. The visceral pleura drains
through a lymphatic network into the pulmonary lymphatics,
which eventually flow toward the pulmonary hilum. The pari-
etal pleural lymphatics drain to different locations. The me-
diastinal pleura drains to the mediastinal and tracheobronchial
nodes. The chest wall drains anteriorly to the internal tho-
racic chain and posteriorly toward the intercostal nodes near
the heads of the ribs. The diaphragmatic pleura drains to the
parasternal, middle phrenic, and posterior mediastinal lymph
nodes.7 There are also transdiaphragmatic lymphatic com-
munications that allow some degree of lymphatic flow from
the peritoneum to the pleural space.

The parietal pleura also differs from the visceral pleura by
virtue of the presence of Kampmeier foci and stomata. Sto-
mata are 2- to 6-�m pores that communicate directly with
the parietal pleural lymphatics. During inspiration these
pores have the capacity to stretch, and their architecture is
such that they form functional one-way valves. Thus, they
provide for a very effective system for draining both fluid and
particles, including both red blood cells and macrophages.



Gross Anatomy

In each hemithorax, the visceral pleura is a continuous sur-
face that completely envelops the entire lung, including the
fissures. At the pulmonary hilum, it continues on as the pari-
etal pleura to line the mediastinum, chest wall, diaphragm,
and cupola of the chest cavity. In humans the pleural cavi-
ties are completely separate, coming into contact with each
other for a short distance behind the upper half of the body
of the sternum. It is this pleural separation of the right and
left chest cavities that prevents bilateral pneumothoraces
from occurring as the result of a unilateral chest injury. At
the costophrenic and costomediastinal sinuses the parietal
pleura folds back on itself, providing a potential space into
which the lungs can expand during inspiration.

Superiorly, the pleura extends above the bony thorax into
the base of the neck (Fig. 41.1). This fact explains why pneu-
mothorax may complicate internal jugular central line place-
ment as well as subclavian central line placement.10 Anteri-
orly the pleura extends to the sixth rib, to the ninth rib
laterally, and to the twelfth rib posteriorly (Fig. 41.1).

The pulmonary ligament is a double fold of the medi-
astinal pleura that tapers down from the root of the lung,
where it is in continuity with the visceral pleura, to the cau-
dal mediastinum. This ligament is one of the structures that
must be divided to perform a pneumonectomy or lower lobec-
tomy. It is also routinely divided to its superior border, the
inferior pulmonary vein, when attempting to provide mobil-
ity to the lower lobe after resecting the upper and/or middle
lobes. The lymph nodes within the pulmonary ligament are
the level 9 nodes, which are N2 lymph nodes, and are rou-
tinely harvested when performing a resection for lung cancer.

Physiology

The pleura has both mechanical and physiological functions.
It transmits negative pressure from the thorax to the lung,
thereby opposing the lung’s natural elastic recoil and main-
taining pulmonary expansion. The pleura also controls the

environment of the chest cavity by maintaining fluid home-
ostasis, preventing or removing air collections and keeping
the space sterile.

Under normal conditions, the pleural cavity is a potential
space with a thickness ranging from 10 to 20 �m. The lung is
maintained in an expanded state by the maintenance of a neg-
ative pressure in the pleural space. The resting pressure in the
pleural space, when the lung is at its functional residual ca-
pacity, is slightly negative at �2 to �5 cm H2O. The negative
pressure continues to increase through inspiration with the
pressure ranging from �25 to �35 cm H2O at the vital capac-
ity. Disorders that decrease the compliance of the lung or in-
crease airway resistance further increase the negative pressure
in the pleural space with inspiration.5,11

Under normal conditions the pleural space contains very
little fluid, estimated at approximately 0.3 ml/kg. The fluid is
generally hypooncotic with a protein content of approximately
1 g/dl. The mechanisms of fluid production and reabsorption
are complicated and not completely understood. The pre-
dominant factor, however, is thought to be the uptake of fluid
into the parietal pleural lymphatics. Under normal conditions,
this flow rate has been estimated at 0.1 to 0.15 ml/kg/h. The
lymphatic flow rate has the capacity to increase and has been
estimated to reach as high as 30 ml/h, approximately 700
ml/day in an average-size individual. When the dynamics of
this equilibrium are unbalanced beyond the rate at which the
lymphatics are able to compensate, pleural effusion accumu-
lates.3,4,11–14

Disorders of the Pleura

Gas-Phase Disorders of the Pleural Space

PNEUMOTHORAX

Pneumothorax is defined as air in the pleural space. It may
occur traumatically, iatrogenically, or spontaneously. Spon-
taneous pneumothorax may be subclassified as primary or
secondary, with primary spontaneous pneumothorax arising
in an otherwise healthy patient and secondary spontaneous
pneumothorax arising as a complication in a patient with
known underlying pulmonary disease. Essentially any pneu-
mothorax resulting from pleural disruption can present as a
tension pneumothorax. This condition represents a true emer-
gency and is discussed separately.

PNEUMOTHORAX PRESENTATION AND DIAGNOSIS

Pneumothorax may cause pain or dyspnea, or it may be
asymptomatic, depending on its size and the underlying pul-
monary function of the patient. Physical findings may range
from none to the classic findings seen with a tension pneu-
mothorax: contralateral tracheal deviation, ipsilateral absent
breath sounds, and percussive hyperresonance. Electrocardio-
graphic changes may be present, including diminished volt-
age, right-axis deviation, or T-wave changes that may mimic
a subendocardial myocardial infarction.15

Except for tension pneumothorax, most cases require an
upright chest radiograph to establish the diagnosis. As the
pneumothorax occupies a greater proportion of the chest cav-
ity at expiration than inspiration, the former is more sensi-
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FIGURE 41.1.  Relationship of the lung (dark gray) and the parietal
pleural envelope, which extends down beyond the edge of the lung
(light gray). (Reprinted with permission from Gray’s Anatomy, 36th
edition, ©1980, W.B. Saunders Co.)



tive for detecting the diagnostic pleural line.16 Although
rarely indicated for a patient able to obtain an upright chest
X-ray, a CT scan of the chest is the most sensitive test and
may demonstrate a small amount of air in the pleural space
that is not visible on the plain radiograph.17,18

PNEUMOTHORAX TREATMENT OPTIONS

For all pneumothoraces, the common goal is removal of air
from the pleural space. Depending upon the etiology, how-
ever, prevention of recurrence may also be an objective of the
treatment.

In practice, many physicians estimate the size of a pneu-
mothorax by the area of the hemithorax that it appears to oc-
cupy in an anteroposterior radiograph of the chest. This prac-
tice generally underestimates the size of the pneumothorax.
There are a number of formulas to better estimate the size of
a pneumothorax, the simplest of which estimates the frac-
tional volume occupied by a pneumothorax to be approxi-
mately equal to three times the fractional decrease in the 
linear dimensions of the lung.19–21 The most accurate non-
invasive estimate, however, is likely obtained by chest CT.

PNEUMOTHORAX TREATMENT OPTIONS: OBSERVATION

Observation is generally reserved for patients who are asymp-
tomatic and are diagnosed with a small primary spontaneous
pneumothorax or a simple iatrogenic pneumothorax. In such
situations, the patient is followed with serial radiographs to
ensure that the pneumothorax is decreasing in size. When a
patient is breathing room air, gas is absorbed from the pleural
cavity at approximately 1.25% of the pleural volume/day, ap-
proximately 50 to 70 ml/day.22 Supplemental oxygen can in-
crease this rate up to 4.2%/day.23,24 As it is a minimal inter-
vention, it is reasonable to place all hospitalized patients on
supplemental oxygen if they are being observed for a pneu-
mothorax.

It is recommended that observation be considered only for
patients with a simple pneumothorax less than approximately
15%.25 If the pneumothorax has not resolved within 1 to 2
weeks, intervention to achieve full expansion should be in-
stituted. Another factor to consider, particularly with primary
spontaneous pneumothorax, is that observation alone does
nothing to decrease the chance of recurrence. Last, in this age
of economic constraints, it may be more cost-effective to de-
finitively treat a pneumothorax upon presentation.

PNEUMOTHORAX TREATMENT OPTIONS: SIMPLE ASPIRATION

Simple aspiration can be considered in the case of a simple
pneumothorax in which there is no suspicion of an ongoing
air leak and the patient is not on positive pressure ventila-
tion. Some authors believe that in select situations aspiration
is the treatment of choice.26 The procedure is performed in a
manner similar to that used for decompressing a tension
pneumothorax. After sterilely preparing the skin and infil-
trating with a local anesthetic, a 16-gauge intravenous
catheter is placed into the pleural space in the midclavicular
line over the superior surface of the second rib. The needle is
then withdrawn and the catheter is connected to a short
length of intravenous tubing capped with a three-way stop-
cock. A 60-ml syringe is then used to aspirate air from the
chest cavity. When air can no longer be aspirated, the catheter

is withdrawn and the first chest X-ray is obtained. If 4 l of air
is aspirated and no resistance is met, there is an ongoing air
leak and a chest tube should be placed.7

PNEUMOTHORAX TREATMENT OPTIONS: 
PERCUTANEOUS TUBE THORACOSTOMY

Percutaneous tube thoracostomy is a good option for a sim-
ple pneumothorax. Some authors consider this the procedure
of choice for simple pneumothoraces. Depending upon the
size and etiology of the pneumothorax, success rates for these
catheters are reported in the 85% to 90% range.27–30 The
catheters range in size from 9 to 16 French and are placed us-
ing a catheter-over-needle or Seldinger technique. These tubes
are limited by their size and would be a poor choice for a pa-
tient with a large air leak. The principal factor in determin-
ing the flow rate through a tube is the diameter of the tube.
Thus, a patient with a massive air leak, especially on posi-
tive pressure ventilation, should have a standard chest tube
placed. As a general guide, it takes at least a 28-Fr. tube to
accommodate approximately 15 l/min of flow at �10 cm of
H2O suction.31

PNEUMOTHORAX TREATMENT OPTIONS: 
TUBE THORACOSTOMY

A standard chest tube should be placed for failure of a per-
cutaneous tube, a pneumothorax associated with a significant
fluid collection, or a pneumothorax where the leak is expected
to overwhelm a small-caliber tube, more likely in the setting
of positive pressure ventilation. Such tubes are generally
placed under local anesthesia and sedation, employing sterile
technique. Apical tubes, as employed for drainage of air, are
best placed in the mid- or anterior axillary line in the third
or fourth intercostal space.32 The tube can then be placed for
passive or active drainage. Passive drainage may be achieved
by connecting the tube to a Heimlich flutter valve or wa-
terseal on a PleurEvac. For active drainage, most surgeons use
a three-bottle system (Fig. 41.2), generally unified as a com-
mercially available unit such as PleurEvac. Active drainage
expedites and facilitates full expansion of the lung. Although
also reported with passive drainage, the rare complication of
reexpansion pulmonary edema appears to be more common
with active suction.33,34

PNEUMOTHORAX TREATMENT OPTIONS: SURGERY

With the exception of those with a large open pneumotho-
rax, essentially all patients being considered for surgical treat-
ment for a pneumothorax already have a chest tube in place.
With a progressive air leak, tension physiology is imminent
once positive pressure ventilation is instituted unless there
is a pathway for egress of air from the pleural space or intu-
bation is performed directly with a double-lumen endotra-
cheal tube such that the leaking lung can be immediately iso-
lated. Specific surgical procedures are discussed under the
appropriate sections, but it is worth noting that there are two
surgical approaches available, video-assisted thoracoscopic
surgery (VATS) or standard thoracotomy.

General indications for surgical intervention for a pneu-
mothorax are failure of less invasive therapy or occurrence of
the pneumothorax in the context of additional indications for
chest exploration. A VATS approach can be employed, at least
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initially, for most pneumothoraces. Examples of contraindi-
cations to a VATS approach are a pneumothorax secondary
to an esophageal perforation, major airway disruption, or a
pneumothorax accompanied by significant ongoing bleeding
or concomitant trauma to other thoracic organs.

TYPES OF PNEUMOTHORAX

PRIMARY SPONTANEOUS PNEUMOTHORAX

Primary spontaneous pneumothorax most commonly occurs
in tall young men, but may occur in anyone at any age. The
peak incidence has been reported to occur for both men and
women age 25 to 34 years old. It is approximately six times
more common in men than women, with approximately
10,000 new cases per year in the United States.7,35,36

It is thought that the final common pathway for most pri-
mary spontaneous pneumothoraces is rupture of subpleural
blebs.37,38 It is also thought that inflammation of the distal
airways plays a significant role in the pathogenesis of this dis-
order. The lack of communication between these blebs and
the distal airways, and hence the inability to rapidly decom-
press, may explain the increased incidence of primary spon-
taneous pneumothorax associated with significant drops in at-
mospheric pressure.39,40 The role of inflammation may explain
why spontaneous pneumothorax is much more common in
smokers.41,42 In fact, there appears to be a dose–response re-
lationship, with light smokers (fewer than 13 cigarettes/day)
running a risk 7 times that of nonsmokers and those smok-
ing more than 22 cigarettes/day at least 100 times more likely
to have a spontaneous pneumothorax than nonsmokers.43

It is generally accepted that recurrent spontaneous pneu-
mothoraces become increasingly likely with each successive
occurrence. Cessation of smoking decreases the risk of re-
currence. Although the literature reports many different re-
currence rates, a reasonable estimation of recurrence follow-
ing different treatments is observation alone, 30%; aspiration,
20% to 50%, tube thoracostomy drainage, 20% to 50%; tetra-
cycline pleurodesis, 10% to 25%; talc pleurodesis, 7%; and
surgical treatment, 0% to 2%.5,44

Selection of treatment remains an area of controversy. Ob-
servation alone should be reserved for the initial presentation

of a small asymptomatic primary pneumothorax without any
associated comorbidities. It should be reserved for patients
who have no barotrauma risks and have ready access to med-
ical help. This treatment may be particularly appropriate for
patients who present with heavy cigarette abuse and are will-
ing to stop smoking.

Aspiration is another option, but confers no significant
protection from recurrence. Once the decision has been made
to violate the pleura for aspiration, it is probably worthwhile
leaving a catheter through which air can be continuously as-
pirated and subsequent pleurodesis can be performed. If a large
air leak is anticipated or if there is significant effusion asso-
ciated with the pneumothorax, then a standard 28-Fr. chest
tube should be placed. Neither technique, without pleurode-
sis, seems to convey significant protection from recurrence.

Surgical treatment remains the gold standard in prevent-
ing recurrence of spontaneous pneumothorax. Some of the in-
dications for surgical treatment of a spontaneous pneumo-
thorax include a second pneumothorax (ipsilateral recurrence
or a new pneumothorax on the contralateral side), tension
physiology, synchronous bilateral pneumothoraces (rare but
reported45), associated hemothorax (likely secondary to a torn
adhesion and complicating approximately 5% of spontaneous
pneumothoraces46), failure of tube thoracostomy, and lifestyle
factors. Surgery should be considered if a leak persists for
more than 3 to 4 days because most leaks seal within 48 h
of instituting tube decompression and only a small additional
fraction seal with further tube treatment, even after another
week.47 Lifestyle issues that are accepted indications for sur-
gical therapy at the initial presentation of a primary sponta-
neous pneumothorax include occupational exposure to baro-
trauma (scuba diving or flying) and poor accessibility to
medical care.5

The surgical procedure for spontaneous pneumothorax is
resection of the blebs that are usually present, most com-
monly located in the apex of the upper lobe or the superior
segment of the lower lobe. Resection of the blebs is performed
with a pulmonary stapling device. Most surgeons also per-
form a mechanical pleurodesis of the pleura, utilizing an abra-
sive material. Currently, VATS is considered by many tho-
racic surgeons to be the preferred surgical approach.48–51
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FIGURE 41.2.  Three-bottle suction
setup for pleural drainage.



SECONDARY SPONTANEOUS PNEUMOTHORAX

Secondary spontaneous pneumothorax is a more serious con-
dition than primary spontaneous pneumothorax because of
its occurrence in patients who likely have significantly less
pulmonary reserve than the typical patient presenting with a
primary spontaneous pneumothorax. As opposed to primary
spontaneous pneumothoraces, secondary spontaneous pneu-
mothoraces are associated with a significant mortality.52 His-
torically, the most common cause of secondary spontaneous
pneumothorax has been chronic obstructive pulmonary dis-
ease (COPD). More recently, at least in urban centers, there
is an increase in secondary pneumothoraces presenting as
complications of Pneumocystis carinii infections in patients
with acquired immunodeficiency syndrome (AIDS).53,54 There
are many other causes of secondary spontaneous pneumo-
thorax including, but not limited to, cystic fibrosis, asthma,
cancer, many types of infection, sarcoid, collagen vascular dis-
eases, and catamenial.

The recurrence rates for secondary primary pneumotho-
races have been reported to be similar or slightly greater than
those that are seen with primary spontaneous pneumotho-
races.55,56 Thus, the principal factor affecting choice of treat-
ment in this setting is the more serious nature of a pneu-
mothorax in a patient with underlying pulmonary disease. If
the patient is symptomatic, which is far more likely with this
patient population, then there is no role for observation. Fur-
thermore, an increase in the pneumothorax could possibly
place the patient’s life in jeopardy. Therefore, observation of
a secondary spontaneous pneumothorax is recommended
only in very select and highly monitored situations. Any con-
sideration of employing positive pressure ventilation in a pa-
tient with a secondary pneumothorax should be considered
an automatic indication for thoracostomy tube placement.

Earnest consideration should be given to sclerosis for pre-
vention in most of these cases. If the pneumothorax occurs
in the setting of a disease, such as certain malignancies or in-
fections, it may not be possible to staple the lung or to achieve
total lung expansion. In these cases, particularly if the patient
is terminally ill, consideration should be given to sending the
patient home with a chest tube and a Heimlich valve if this
provides adequate palliation.

TRAUMATIC PNEUMOTHORAX

Please refer to Chapter 54 on thoracic trauma.

IATROGENIC PNEUMOTHORAX

Iatrogenic pneumothorax may be the most common cause of
pneumothorax.57 The most common causes include transtho-
racic needle biopsy, subclavian central line placement, tho-
racentesis, transbronchial pulmonary biopsy, and positive
pressure ventilation.

The development of a pneumothorax as a result of baro-
trauma is an indication for immediate placement of a standard
chest tube.58–60 This indication is also true for a procedure-
induced pneumothorax in a ventilated patient because positive
pressure ventilation could rapidly lead to a tension pneu-
mothorax. The clinician should always consider pneumotho-
rax as a cause for instability in a ventilated patient who re-
cently underwent thoracentesis or central line placement.

Iatrogenic pneumothoraces differ from spontaneous pneu-

mothoraces in that the patient is not at an increased risk for
recurrence. For small asymptomatic pneumothoraces, obser-
vation is appropriate and thoracostomy tube placement and
sclerosis are not indicated. For larger pneumothoraces or
symptomatic pneumothoraces in ambulatory patients, simple
aspiration or temporary placement of a small percutaneous
catheter is the preferred approach of many clinicians.61–64

Last, it is worth remembering that an esophageal perfo-
ration, most commonly from endoscopy or dilatation, can
present with a pneumothorax, usually accompanied by a
pleural effusion. As with traumatic pneumothorax, if the di-
agnosis is seriously entertained, then it must be investigated
with a contrast study or endoscopy.

TENSION PNEUMOTHORAX

Any closed pneumothorax arising from visceral pleural dis-
ruption has the potential to develop into a tension pneu-
mothorax. Tension pneumothorax occurs when air accumu-
lates in the pleural space in excess of atmospheric pressure
and actively compresses the ipsilateral lung. This tension
physiology will eventually lead to contralateral mediastinal
shift and, in addition to pulmonary embarrassment, can se-
verely limit venous return and compromise cardiac output.
Untreated, tension pneumothorax may lead to cardiopul-
monary arrest and, for this reason, is a life-threatening emer-
gency. If the patient is in distress and the diagnosis is sus-
pected, placement of a 16-gauge intravenous catheter through
the second interspace, in the midclavicular line, will convert
the tension pneumothorax to an open pneumothorax. After
decompression has been achieved, a chest tube can then be
placed in the usual manner. This procedure should always be
performed immediately in any patient who is decompensat-
ing and for whom tension pneumothorax is in the differen-
tial diagnosis. It is a mistake to wait for a confirmatory chest
X-ray in such a situation.

BLEBS AND BULLAE

Simply stated, blebs are subpleural collections of air.65 They
are usually small, less than 2 cm, and tend to occur at the
apex of the upper lobe or the apex of the superior segment.
The significance of blebs is uncertain. By themselves, it is
doubtful that they cause any significant effect on pulmonary
function. Their primary clinical significance lies in the fact
that they appear to be involved in the pathogenesis of spon-
taneous pneumothorax.

No specific treatment is indicated for the finding of pul-
monary blebs in the absence of pneumothorax. Cessation of
smoking, as always, is recommended.

Bullae are air collections measuring at least 1 cm, but may
become so large as to occupy the greater part of the hemitho-
rax. As opposed to blebs, bullae are formed by destruction and
coalescence of alveoli. They may demonstrate trabeculated
lumens formed by the residual structural elements from the
lung parenchyma they replaced. Blebs may be an incidental
finding in patients with otherwise normal lungs, but bullae
are likely to be associated with some form of pulmonary dis-
ease, most likely emphysema.65

Bullous disease is also frequently asymptomatic. In such
cases, cessation of smoking and annual chest X-rays are suf-
ficient. In the setting of known underlying lung disease, treat-
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ment of that disorder is the priority. Pneumothorax, infec-
tion, or hemoptysis can prompt surgical intervention.

Liquid-Phase Disorders of the Pleural Space

Pleural effusions are a very common disorder encountered by
the clinician. There are many potential causes of effusions
(Table 41.1). Occasionally it is possible to deduce the etiol-
ogy in the context of the patient’s chest radiograph and con-
current morbidities. Frequently, however, the fluid must be
sampled to yield a diagnosis. There is a normal composition

of pleural fluid (Table 41.2) and a host of tests that can be
performed on the fluid in pursuit of a diagnosis (Table 41.3).
Once the fluid is sampled, it will fall into one of two cate-
gories, transudative or exudative, and 99% of exudative effu-
sions will demonstrate at least one of the following charac-
teristics: pleural fluid protein/serum protein ratio greater than
0.5, pleural fluid LDH/serum LDH greater than 0.6, or pleural
fluid LDH more than two-thirds of the upper normal limit
for serum LDH.66

Transudative effusions result from a perturbation in the
hydrostatic or oncotic forces that affect fluid formation and
turnover in the pleural space. This imbalance results in fluid
accumulation in the pleural space. For transudative effusions
the goal is to drain the effusion for symptomatic relief, if nec-
essary, but to focus on the systemic disease.

Exudative effusions result from diseases that involve the
pleura and may be broadly grouped as benign or malignant.
The treatment of an exudative effusion is disease specific.

Pleural effusions may be asymptomatic or may cause the
patient to present with shortness of breath, secondary to com-
pression of pulmonary parenchyma, as well as other symp-
toms. A nonspecific sign that is compatible with an effusion
is the presence of a nonproductive cough. If the disorder caus-
ing the effusion has provoked an inflammatory response in
the parietal pleura, the patient may complain of pain, known
as pleuritic chest pain.

Plain radiographs of the chest remain the most common
test obtained to evaluate a suspected effusion.67 If the effu-
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TABLE 41.1. Differential Diagnoses of Pleural Effusion.

Transudative Pleural Effusions
Congestive heart failure
Cirrhosis
Nephrotic syndrome
Superior vena cava obstruction
Fontan procedure
Urinothorax
Peritoneal dialysis
Glomerulonephritis
Myxedema
Pulmonary emboli
Sarcoidosis

Exudative Pleural Effusions
Neoplastic disease

Metastatic disease
Mesothelioma

Infectious diseases
Bacterial infections
Tuberculosis
Fungal infections
Parasitic infections
Viral infections

Pulmonary embolization
Gastrointestinal disease

Pancreatic disease
Subphrenic abscess
Intrahepatic abscess
Intrasplenic abscess
Esophageal perforation
After abdominal surgery
Diaphragmatic hernia
Endoscopic variceal sclerosis
After liver transplant

Collagen vascular diseases
Rheumatoid pleuritis
Systemic lupus erythematosus

Source: Reprinted with permission from Pleural Diseases, edited by RW Light, © 1995 Lippincott Williams & Wilkins.

Drug-induced lupus
Immunoblastic lymphadenopathy
Sjögren’s syndrome
Familial Mediterranean fever
Churg-Strauss syndrome
Wegener’s granulomatosis

Drug-induced pleural disease
Nitrofurantoin
Dantrolene
Methysergide
Bromocriptine
Amiodarone
Procarbazine
Methotrexate

Miscellaneous diseases and conditions
Asbestos exposure
Postpericardiectomy or postmyocardial infarction

syndrome
Meig’s syndrome
Yellow nail syndrome
Sarcoidosis
Pericardial disease
After coronary artery bypass surgery
After lung transplant
Fetal pleural effusion
Uremia
Trapped lung
Radiation therapy
Ovarian hyperstimulation syndrome
Postpartum pleural effusion
Amyloidosis
Electrical burns
Iatrogenic injury

Hemothorax
Chylothorax

TABLE 41.2. Normal Composition of Pleural Fluid.

Volume 0.1–0.2 ml/kg
Cells/mm3 1000–5000

% mesothelial cells 3%–70%
% monocytes 30%–75%
% lymphocytes 2%–30%
% granulocytes 10%

Protein 1–2 g/dl
% albumin 50%–70%

Glucose � plasma level
LDH �50% plasma level
pH � plasma

Data from humans and animals.

Source: Reprinted with permission from Pulmonary Diseases and Disorders,
Alfred P. Fishman, editor. ©1998 McGraw Hill.



sion is free flowing, the lateral costophrenic angle may be
blunted on an upright posteroanterior radiograph if the effu-
sion is greater than 175 ml. Sometimes more than 500 ml is
required to achieve this effect.68 The lateral radiograph is
more sensitive than the posteroanterior view, but neither is
as sensitive as the lateral decubitus projection, which can de-
tect as little as 25 to 50 ml of fluid.65

For a free-flowing effusion that layers on a lateral decubi-
tus film, additional radiographic studies are seldom indicated.
Additional studies that are commonly used to obtain more
information about a suspected effusion include ultrasound
and CT scan. Ultrasound is very helpful in distinguishing
pleural thickening from pleural fluid, determining if an effu-
sion is complex or simple, and has the advantage of being
portable. It can be used to help direct the clinician to the best
area to perform a thoracentesis at the bedside. CT scans give
the most information with respect to exact location of an ef-
fusion and may be particularly helpful in distinguishing effu-
sion from pleural disease or parenchymal disease.18,67 At this
time, magnetic resonance imaging (MRI) scans are rarely in-
dicated in the diagnosis or assessment of pleural effusions.

If the clinical scenario warrants diagnosis of the effusion,
then the next step is to perform a thoracentesis to obtain a
specimen for analysis and, possibly, to drain the effusion for
relief of symptoms. It is generally recommended that not
more than 1 l of fluid should be aspirated at one time as this
increases the chances of developing reexpansion pulmonary
edema.7 The exact etiology of this syndrome is not fully un-
derstood and may be accompanied by a 20% mortality.33

Treatment for reexpansion edema is similar to treatment for
other causes of pulmonary edema; upright posture, diuresis,
supplemental oxygen and, if necessary, intubation.

TRANSUDATIVE EFFUSIONS

If the effusion is transudative, then it is most likely to be sec-
ondary to congestive heart failure, hepatic insufficiency, or
renal insufficiency. Pleural effusions secondary to congestive

failure are the most common transudative effusions.69 Most
of these effusions are bilateral. In all cases, treatment should
be aimed at the primary disorder. In severely symptomatic pa-
tients, drainage and sclerosis can be considered. Other condi-
tions that may provoke a transudative effusion include, but
are not limited to, pulmonary embolism, superior vena cava
obstruction, peritoneal dialysis, myxedema, glomerulonephri-
tis, Meigs’ syndrome, and sarcoidosis.7,65

EXUDATIVE EFFUSIONS

Exudative effusions can be broadly grouped into benign and
malignant effusions. The malignant effusions arise most com-
monly from metastatic disease, but can also herald the pres-
ence of a primary malignancy of the pleura. The benign causes
of exudative effusion include a very long list of conditions in-
cluding but not limited to infectious diseases, pulmonary em-
bolism, collagen vascular diseases, drug-induced disorders,
bleeding, chyle leak, subdiaphragmatic infections, pancreati-
tis, and esophageal perforation. If the cause is not obvious,
then a thoracentesis should be the next step in diagnosing the
etiology of the effusion.

EXUDATIVE EFFUSIONS: MALIGNANT

Malignant effusions represent one of the most common in-
dications for chest tube placement. The diagnosis can fre-
quently be established by cytological demonstration of can-
cer cells in the fluid although up to 40% of effusions yield
nondiagnostic cytology.70,71 Thus, if malignancy is suspected
and the fluid cytology is nondiagnostic, a closed pleural
biopsy should be considered. Depending on the patient’s sur-
gical risk and the expertise available, it may be in the pa-
tient’s best interest to proceed to thoracoscopy if the thora-
centesis is nondiagnostic. If such services are not readily
available then closed pleural biopsy is clearly indicated. If, af-
ter both closed biopsy and thoracentesis, a diagnosis remains
elusive, a surgical biopsy is the only remaining option.

Once the etiology of the malignant effusion is established,
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TABLE 41.3. Useful Tests in the Evaluation of Pleural Effusion.

Test Abnormal value Frequently associated condition

Red blood cells/mm3 �100,000 Malignancy, trauma, pulmonary embolism
White blood cells/mm3 �10,000 Pyogenic infection

Neutrophils, % �50 Acute pleuritis
Lymphocytes, % �90 Tuberculosis, malignancy
Eosinophilia, % �10 Asbestos effusion,

pneumothorax, resolving infection
Mesothelial cells Absent Tuberculosis

Protein, PF/Sa �0.5 Exudate
LDH, PF/S �0.6 Exudate
LDH, IUb �200 Exudate
Glucose, mg/dl �60 Empyema, TB, malignancy, rheumatoid

arthritis
pH �7.20 Complicated parapneumonic effusion,

empyema, esophageal rupture, TB,
malignancy, rheumatoid arthritis

Amylase, PF/S �1 Pancreatitis
Bacteriological Positive Cause of infection
Cytology Positive Diagnostic of malignancy
aPF/S, pleural fluid to serum ratio.
bIU, concentration in International Units.



a treatment strategy can be formulated. Surgical debulking of
metastatic pleural tumor is generally not part of the treat-
ment algorithm outside an experimental protocol. Most pa-
tients are relegated to chemotherapy and/or radiation ther-
apy, or palliative measures directed at preventing further fluid
accumulation.

If the patient is not receiving treatment for the underly-
ing malignancy, or reaccumulates the effusion in spite of
treatment, an alternative strategy must be considered if the
effusion is causing symptoms. The options include chemical
or surgical pleurodesis to prevent fluid accumulation or to
provide a route for continuous drainage. Drainage may be ac-
complished by internal shunting of the fluid from the pleural
cavity to the peritoneum or external drainage with a catheter
connected to a collection bag.

EXUDATIVE EFFUSIONS: BENIGN

Effusions associated with pneumonia (parapneumonic effu-
sions) are the most common cause of benign exudative effu-
sions. They result from visceral pleural inflammation that al-
ters the normal fluid balance of the pleural space.7 These
effusions may initially be sterile, but if the parenchymal in-
fection spreads to the effusion, an empyema results.

There is a continuum that reflects the natural history of
untreated parapneumonic effusions, from a thin, clear sterile
collection to an infected fibrous peel encasing the lung. The
first stage is the “exudative stage” characterized by fluid ex-
uding from the lung into the pleural space, likely from the
pulmonary interstitial space. This stage should resolve with
antibiotic therapy and generally does not require drainage.
Normal pH and glucose with a low LDH and white blood cell
count are characteristic of the fluid at this stage.

Untreated, the effusion is likely to progress to the “fi-
bropurulent stage,” characterized by increased fluid that is
heavily laden with white blood cells, microorganisms, and
cellular debris. Fibrin is deposited on the pleural surfaces and
the stage is set for pulmonary entrapment. At this point, the
fluid pH and glucose fall and the LDH rises. Chest tube
drainage is indicated, but becomes more difficult as the effu-
sion loculates. The final stage is the “organizational stage”
during which fibroblasts grow into the effusion, laying down
a thick fibrous peel that encases the lung and results in en-
trapment. The remaining effusion is thick and infected and
may necessitate through the chest wall or into the lung.7,72

The presentation of a parapneumonic effusion or empyema
depends, to a certain extent, on the organism causing the in-
fection. For aerobic organisms the presence of the effusion has
little impact on the clinical picture, which is that of a bacte-
rial pneumonia: fever, chest pain, and a productive cough. An
anaerobic infection, frequently as a result of aspiration, is more
likely to present in a subacute manner. A patient with an anaer-
obic empyema may have symptoms for more than a week be-
fore seeking medical help, and significant weight loss may be
a chief component of their presentation.7

There are several surgical options for patients with an
empyema. The goals of surgical therapy are to establish
drainage and, depending upon the situation, to eliminate
space in the pleural cavity. Space elimination can be accom-
plished by decortication to allow the lung to expand, col-
lapsing the chest wall with a thoracoplasty or by transposing
muscle flaps to fill the space. A critical component is to al-

ways establish drainage. The least invasive option is to tho-
racoscopically explore the chest cavity, disrupt loculations,
debride the visceral pleura, and strategically place chest tubes.
Frequently it is possible to accomplish this procedure utiliz-
ing the patient’s already existing chest tube sites as video
ports. This option is most likely to be successful if performed
in the exudative or early fibrinopurulent stages.73

Once in the organizational stage, the lung is encased in a
fibrous peel that most often requires an open thoracotomy to
adequately remove. If the patient is able to tolerate such a pro-
cedure, then this represents the most effective treatment of the
problem. The goal in such a situation is to drain the infection
and obliterate any space with reexpanded lung tissue.

After a drainage procedure the clinician is faced with the
management of the chest tubes. The classic treatment of a
chest tube placed into an empyema is to leave it to closed
suction drainage for 2 to 3 weeks. Thereafter, the tubes are
taken off suction and converted to open drainage, slowly with-
drawing them over the course of several more weeks.5 The
critical point is that the lung must be fully expanded.

For patients with chronic empyema, empyema with bron-
chopleural fistula, or patients unable to tolerate thoracotomy,
an open drainage procedure may represent the best option.

EXUDATIVE EFFUSIONS: BENIGN, OTHER CAUSES

INFECTIOUS, NONBACTERIAL

Almost any organism can cause an infection with which a
pleural effusion is associated. Tuberculosis may cause a
pleural effusion that tends to be unilateral and of moderate
size. The effusion usually responds to appropriate antibiotic
therapy and, unless symptomatic or part of a mixed empyema,
usually does not require drainage or surgery. Viral effusions
usually elude diagnosis and are self-limited. Effusions may ac-
company any of a number of fungal pulmonary infections. The
primary treatment is appropriate antibiotic therapy and, de-
pending upon the infection, drainage. Finally, although rela-
tively uncommon in the United States, the clinician should
be aware that pleural effusions commonly accompany a num-
ber of parasitic infections. Again, appropriate drug therapy is
essential.

PULMONARY EMBOLI

Pleural effusions may accompany pulmonary emboli in 30%
to 50% of cases. Although the majority of these effusions are
exudative, approximately one-quarter may be transudative.
The treatment for pulmonary emboli with effusion is the
same as for pulmonary emboli without effusion.

SUBDIAPHRAGMATIC PATHOLOGY

Inflammation or malignancy below the diaphragm can cause
exudative pleural effusions as well as transudative effusions
secondary to hepatic or renal dysfunction. Acute pancreatitis
generally leads to a left-sided effusion, likely as a result of
transdiaphragmatic transfer of exudative ascites arising from
pancreatic inflammation. The fluid almost always has an el-
evated amylase, and that amylase is frequently higher than
the serum amylase. The fluid generally resolves with resolu-
tion of the pancreatic inflammation. Pancreatic abscess can
also cause a pleural effusion and, again, the treatment is the
usual treatment of a pancreatic abscess. A pancreatic pseudo-
cyst can decompress into the pleural space, forming a pan-
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creaticopleural fistula. Treatment of this disorder is conserv-
ative, the same as the initial treatment of any pancreatic
pseudocyst. Should conservative treatment fail, a percuta-
neous or surgical drainage procedure should be planned.

Subphrenic abscess from any number of intraabdominal
sources can lead to an exudative effusion. The effusions rarely
are culture positive and tend to have a very high WBC, yet the
pH is usually above 7.20 and the glucose is usually greater than
60 mg/dl. Treatment of the effusion should be symptomatic,
as the approach is treatment of the abscess and its underlying
cause. The effusion usually resolves with these measures.

The clinician is advised to always consider esophageal per-
foration in the diagnosis of a pleural effusion, particularly af-
ter instrumentation of the esophagus or retching. Iatrogenic
injury accounts for two-thirds of these injuries, and the pa-
tient frequently complains of chest pain. Treatment depends
upon how early the disruption is diagnosed, and ranges from
primary repair to esophageal exclusion. Pleural drainage and
antibiotics are almost always necessary components of the
treatment strategy.

CHYLOTHORAX

Chylothorax is an exudative effusion caused by disruption of
the thoracic duct and subsequent drainage of chyle into the
pleural space. Once a chest tube is in place, the symptoms
are determined by the persistence of the drainage. The longer
the drainage continues, the more dangerous it becomes with
the consequences being dehydration, nutritional depletion,
and immunocompromise.74 More than 50% of chylothoraces
are secondary to ductal obstruction and disruption by tumor,
with lymphoma accounting for 75% of these cases. Approx-
imately 25% of chyle leaks are traumatic, with iatrogenic
trauma being the most common. Of the iat-rogenic causes,
esophageal resection appears to be the leading cause. The re-
mainders are idiopathic and thought to be related to minor
trauma.65

The diagnosis is established by analysis of the fluid. Al-
though classically viewed as milky in appearance, chyle may
frequently appear serosanguinous, particularly in the fasting
state. A triglyceride level in the fluid greater than 110 mg/dl
is highly suggestive of chyle whereas a level below 50 mg/dl
essentially excludes the diagnosis of chylothorax.

The treatment of chylothorax remains controversial; some
authors advocate a generous period of conservative treatment
while others recommend early intervention.75–77 Conservative
therapy involves pleural drainage and a no-fat diet or total par-
enteral nutrition. If the leak is secondary to a malignancy,
then chemotherapy and/or radiation therapy may be the treat-
ment of choice. For other chylothoraces, surgical intervention
is indicated when conservative measures have failed.

At the time of surgery, heavy cream is administered via
nasogastric tube immediately after intubation; this makes the
duct more visible and may also identify the area of leak. A
number of surgical options are available, including parietal
pleurectomy, direct ligation of the leak, and mass ligation of
the duct. In cases where surgery fails or the patient is at pro-
hibitive risk for a major procedure, other options include pleu-
roperitoneal shunting or sclerosis.

HEMOTHORAX

The overwhelming majority of hemothoraces are caused by
trauma, including iatrogenic trauma. There are other, signif-

icantly less common, causes including bleeding from meta-
static tumors involving the pleura, hemorrhage during anti-
coagulation therapy for pulmonary emboli, and catamenial
hemothorax. The potential consequences of an undrained he-
mothorax include conversion to an empyema, provocation of
a pleural effusion, and conversion to a fibrothorax with lung
entrapment. The initial treatment of any hemothorax should
be pleural drainage with a large-bore (32- or 36-French) chest
tube. If the tube becomes clogged or is inadequate, additional
tubes should be strategically placed.

MISCELLANEOUS

Collagen vascular disorders may be associated with pleural
effusions. In each case, the treatment of the effusion is symp-
tomatic with the primary goal being treatment of the under-
lying disorder.

Although many drugs can cause pleural effusions, it is not
a common cause. Some of the more commonly used drugs that
may cause an effusion include amiodarone, methotrexate, ni-
trofurantoin, dantrolene, and metronidazole. Early discontinu-
ation of the offending agent usually results in resolution of the
syndrome.7,65

There are numerous other causes of exudative effusions.
These include but are not limited to cardiac surgery, lung
transplantation, asbestos exposure, Dressler’s syndrome,
Meigs’ syndrome, yellow nail syndrome, sarcoid, postpartum
state, trapped lung, radiation exposure, ovarian hyperstimu-
lation, amyloidosis, ARDS, electrical burns, and uremia.7

Solid Disorders of the Pleural Space

BENIGN DISORDERS

Fibrothorax results from deposition of a thick fibrous layer
along the pleural surface. This layer may cause entrapment
of the lung as well as contraction and immobility of the skele-
tal hemithorax. The most common causes of fibrothorax are
hemothorax, tuberculosis, and bacterial pneumonia. Other
causes include pancreatitis, collagen vascular diseases, and
uremia.7 The treatment of fibrothorax is decortication, which
in this setting is generally a major operation requiring a full
thoracotomy. Patients who are being considered for decorti-
cation should be low-risk surgical candidates and should have
pulmonary parenchyma that is anticipated to be able to ex-
pand upon release. Generally, the indication is significant pul-
monary compromise in a patient whose fibrothorax is stable
or worsening for at least several months (Fig. 41.3).7

Pleural plaques are hard, raised discrete areas involving
the parietal pleura, particularly in the lateral, posterior por-
tion of the hemithorax; 80% of pleural plaques that are due
to asbestos are bilateral, with the majority of unilateral
plaques thought to be secondary to other causes such as pre-
vious trauma, tuberculosis, or collagen vascular disorders.65

Generally, there is no therapy indicated for pleural plaques.
Pleural plaques do not appear to be predecessors of mesothe-
lioma.7

Diffuse pleural thickening, like pleural plaques, appears
to be predominantly related to asbestos exposure. Other
causes such as drug reaction, hemothorax, and tuberculosis
have been reported. Unlike pleural plaques, however, diffuse
pleural thickening affects the visceral pleura. Again, there is
no specific treatment recommended, just routine surveil-
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lance. In severe cases, pleurectomy has been performed, the
results of which were poor secondary to concomitant pul-
monary fibrosis.7,65,78,79

A rare primary, benign tumor of the pleura is the benign
fibrous tumor of the pleura, previously called benign mesothe-
lioma. These tumors arise from the visceral pleura, are not
associated with asbestos, and are frequently discovered inci-
dentally on chest X-ray. These tumors may reach enormous
size, thereby causing symptoms by virtue of compression of
other structures (Fig. 41.3). Surgery is the treatment of choice
and is almost always curative.65

SOLID MALIGNANCIES OF THE PLEURA

The most common malignancies of the pleura are metastatic,
predominantly from lung, breast, or colonic carcinomas. There
are extremely rare primary sarcomas arising from the connec-
tive tissue elements of the pleura. The most common primary
malignancy of the pleura is mesothelioma. Mesothelioma is al-
most always unilateral and is diagnosed either by cytology or
pleural biopsy. From the time of diagnosis, the median survival
is 4 to 12 months. The incidence of the disease has increased
during the past decade, likely because legislation to curb as-
bestos exposure has only recently been widely adopted.80–82

Currently, mesothelioma continues to defy any single
treatment modality including surgery, chemotherapy, and ra-
diation therapy. Utilizing a trimodality approach of surgery,
chemotherapy, and radiation therapy, survivals up to 39% at
5 years have been reported.81
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tient underwent a decortication with dramatic improvement of her
scoliosis and pulmonary function.
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Pericardium
Rayman W. Lee and Joseph B. Zwischenberger

Anatomy

The pericardium is a strong, rather inelastic sac enclosing the
heart. It is composed of two layers. The outer fibrous parietal
pericardium is commonly referred to as “the pericardium.”
The thin inner serosal layer is the visceral pericardium, also
called the epicardium. These two layers form a small space
that usually contains only 15 to 50 ml of fluid. The parietal
pericardium has ligamentous attachments to the manubrium,
xiphoid process, vertebral bodies, and the central tendon of
the diaphragm, which limit the movement of the heart with
positional changes. The arterial blood supply is from small
branches of the aorta, internal mammary, and musculo-
phrenic arteries. Innervation is via the vagus nerve, left re-
current laryngeal nerve, esophageal plexus, and a rich sym-
pathetic plexus. The phrenic nerves run along the pericardium
to the diaphragm and can carry afferent pain perception to
C4–C5. Microscopically, the pericardium has abundant mi-
crovilli that decrease friction and increase the surface area for
reabsorption. The parietal lymphatics drain preferentially to
the anterior and posterior mediastinal nodes,1 whereas the
visceral lymphatics drain to the tracheal and bronchial mid-
mediastinal lymph nodes.2

Properties and Functions

The pericardial pressure–volume curve has an initial flat sec-
tion followed by a knee and then a steep slope (Fig. 42.1).3

The flat portion reflects the pericardial space reserve volume
available. Pericardial constraint contributes to atrial and ven-
tricular pressures4 and limits the distension of the heart with
acute volume overload. Constraint also plays a role in ven-
tricular interdependence, when one ventricle dilates, causing
the intrapericardial pressures to increase and limit filling of
the other ventricle. This interdependence is more pronounced
during cardiac tamponade. The pericardium mainly functions
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to reduce friction between the heart and surrounding tissues.
Other functions include providing a mechanical barrier and
producing prostaglandins and prostacyclin, which may have
a role in coronary vasodilatation or fibrinolytic activity.

Acute Pericarditis

Acute pericarditis is simply inflammation of the pericardium
characterized by chest pain, a pericardial friction rub, and elec-
trocardiographic changes. Pericarditis is caused by myriad dif-
ferent entities. The most common etiologies are idiopathic
or viral, uremic, postinfarct, neoplastic, and traumatic.

Clinical Presentation

The chest pain is sharp and pleuritic in nature and is com-
monly localized retrosternally or along the left precordial re-
gions, radiating to the left trapezius ridge and neck. Trapez-
ius ridge pain is transmitted via the phrenic nerves and is
almost pathognomonic for pericardial irritation. The dis-
comfort can be exacerbated by lying supine, breathing deeply,
swallowing, or coughing, and patients frequently sit up and
lean forward for relief. Dyspnea is also common usually be-
cause of splinting of the pain. Symptoms, however, may
mimic a pulmonic, gastrointestinal, or cardiac source. The
differentiation from ischemic pain may be especially difficult
in the patient with cardiac risk factors. Fever, chills, weak-
ness, cough, palpitations, nausea, and anorexia are other pre-
senting symptoms.

A pericardial friction rub is the hallmark physical find-
ing of acute pericarditis, with an unmistakable high-pitched
grating or scratching sound. The classic rub is composed of
three components, correlating to cardiac motion in atrial sys-
tole, ventricular systole, and ventricular diastole. These rubs
can be transient and intermittent, so careful auscultation is
needed. The best position to appreciate the sound is along the



FIGURE 42.1.  Pericardial pressure–volume curves. Left: Rapidly in-
creasing pericardial fluid first fills the pericardial reserve volume (ini-
tial flat segment) then rises steeply to exceed the limit of parietal
pericardium resulting in cardiac tamponade. Right: Slower rate of
pericardial filling allows the pericardium to stretch and accommo-
date larger volumes. (Adapted from Spodick,3 with permission.)

left sternal border with the patient leaning forward. Fre-
quently the rub is loudest with inspiration.

Laboratory

The electrocardiogram can undergo four evolutionary stages,
which are pathognomonic of acute pericarditis with the ap-
propriate clinical history. Stage I changes are the most diag-
nostic of pericarditis. ST segments are elevated with diffuse
upward concavity and reciprocal changes in leads V1 and aVR,
PR intervals are depressed, and T waves are upright. Stage II
starts several days later with the ST segments returning to
baseline and the T waves flattening. Stage III is characterized
by diffuse T-wave inversion, with stage IV showing reversion
of the T waves back to normal. These changes may take sev-
eral weeks or months to evolve and they may persist indefi-
nitely. About one-half of patients with acute pericarditis will
have all four stages, with most having at least PR segment
depression. Atrial tachyarrhythmias are also prevalent.

Other diagnostic tests are usually nonspecific for peri-
carditis. The echocardiogram may show a small effusion or a
“sunburst” appearance along the cardiac perimeters. Leuko-
cytosis and a high sedimentation rate are common. The car-
diac enzymes can be modestly elevated, probably because of
subpericardial myocarditis.

Management

The usual course of acute idiopathic pericarditis is mild and
self-limited, with initial management being bed rest. The
chest pain can be treated with nonsteroidal antiinflamma-
tory drugs (NSAIDs) such as aspirin (325–650 mg orally every
4–6 h) or ibuprofen (300–800 mg every 6–8 h). Patients are
frequently admitted to the hospital to rule out a more seri-
ous condition such as myocardial infarction, pyogenic infec-
tion, or development of tamponade, which can occur in about
15% of patients. In cases unremitting despite medical ther-
apy, large doses of corticosteroids (prednisone 60–80 mg/day)
can be used, but tuberculous and infectious pericarditis
should be excluded. Potential complications of acute peri-
carditis include cardiac tamponade, recurrent episodes of
pericarditis, and progression to chronic constrictive peri-
carditis. The rate of recurrent pericarditis can be up to 30%
of patients.

Pericardial Effusion

A pericardial effusion may develop from practically any cause
of pericarditis. If the fluid accumulation is slow, the pericar-
dial volume can expand to quite remarkable sizes, up to 3 to
4 l, and may be clinically silent. With faster development of
fluid, cardiac tamponade may occur.

Clinical Presentation

Patients with a simple pericardial effusion may or may not
have symptoms, depending on the degree of inflammation,
intrapericardial pressure, and compression of adjacent organs.
A dull chest pain or ache is the most frequent complaint.
Cough and dyspnea can occur with atelectasis or tracheal
compression, dysphagia can result from esophageal irritation,
hiccups can be caused by phrenic nerve impingement, and
nausea, vomiting, and fullness can be due to abdominal pres-
sure. The physical exam in small effusions without peri-
carditis can be unremarkable. With larger effusions, the heart
sounds become distant or muffled. An area of dullness and
bronchial breathing below the left scapula caused by com-
pression of the left lung base, called Ewert’s sign, is an indi-
cation of a large effusion.

Laboratory

The chest X-ray is usually the first clue of a pericardial effu-
sion in the asymptomatic patient. About 250 ml of fluid needs
to be present before it can be appreciated on the plain films.
With chronic pericardial effusions, the classic “water bottle
heart” with a large globular cardiac silhouette and a thin neck
may be seen. Mediastinal widening or a pericardial fat stripe
may also be present on the chest X-ray. The electrocardio-
gram is nonspecific and insensitive5 but can have reduced
QRS voltage, flattened T waves, or PR segment depression
with larger effusions.6 Whenever a pericardial effusion is sus-
pected, a transthoracic echocardiogram (ECHO) should be or-
dered. ECHO can easily, rapidly, and accurately detect even
small amounts of fluid, as little as 20 ml, and assess the de-
velopment of tamponade.7 If the ECHO is indeterminate, CT
and MRI may be helpful, especially with loculated effusions,
pericardial thickening, calcifications, blood, fat, or chyle. Peri-
cardial fluid analysis can be diagnostic and should be sent for
cell count, glucose, protein, lactate dehydrogenase, bacterial
culture, and cytology.8 Depending on the clinical situation,
other possible tests include AFB (acid-fast bacillus) culture
and smear, fungal culture and smear, viral cultures, rheuma-
toid factor, complement, cholesterol, and triglyceride levels.

Management

Management of pericardial effusion depends on the patient’s
clinical course and suspected etiology. Most effusions are
small, have a benign clinical course, and respond to treatment
of the underlying systemic process, such as with congestive
heart failure. Invasive diagnostic or therapeutic interventions
are not needed in these cases, but further workup may be ben-
eficial for symptomatic patients. With a bacterial process,
pericardial fluid culture and Gram stain are required, and a
pericardial biopsy may be needed for tuberculous or fungal
infections. Pericardial fluid cytology can be diagnostic for ma-
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lignant pericardial effusions. If patients are symptomatic with
an idiopathic chronic effusion, good long-term relief 9 can be
achieved with subxiphoid pericardial drainage.

Cardiac Tamponade

Cardiac tamponade can arise from any process that causes
pericarditis or pericardial effusion. Expeditious diagnosis and
intervention are essential because hemodynamic conse-
quences can be fatal. Ordinarily fluid or blood causes tam-
ponade, but air, mediastinal hematoma, or even large pleural
effusions10 can result in similar physiological compromise.
Usually thought of as an acute problem, tamponade can be
chronic. On a surgical service, trauma is responsible for the
majority of cases, but on a medical service, malignancy is the
cause of tamponade in more than one-half of patients.11

Clinical Presentation

Patients presenting with acute cardiac tamponade are typi-
cally in extremis with marked agitation and confusion, tachy-
cardia, and tachypnea. In this setting, the classic clinical syn-
drome of Beck’s triad can be seen with (1) elevation of
systemic venous pressures, (2) systemic arterial hypotension,
and (3) a small, quiet heart. With gradual development of tam-
ponade, the presentation can be subtle. The main complaint
is usually dyspnea on exertion, accompanied by anorexia,
lethargy, edema, or weight loss. In these patients, there is al-
most always jugular venous distension and a paradoxical
pulse. Also common are tachypnea and tachycardia; less com-
mon are diminished heart sounds and a pericardial rub. In-
terestingly, only about 25% of medical patients with tam-
ponade have hypotension.11,12

Pulsus paradoxus, a characteristic finding in cardiac tam-
ponade, was first described as the disappearance of the radial
pulse despite a palpable heartbeat. Pulsus is not really para-
doxical, but an exaggeration of the normal inspiratory drop 
in systolic pressure. It can be measured with a sphygmo-
manometer by inflating the cuff above the arterial pressure and
very slowly deflating until the first Korotkoff sound is just
heard. At this point, the Korotkoff sound will disappear with
inspiration. With further slow deflation of the cuff, a continu-
ous pulsation is heard. The difference in the systolic pressure
of these two points is the amount of pulsus. A fall in the sys-
tolic blood pressure greater than 10 mmHg with inspiration
signifies a pulsus paradox. Pulsus is not specific for tampon-
ade and is frequently seen in chronic obstructive pulmonary
disease (COPD) or asthma exacerbations. It can also occur with
pulmonary embolus, cardiac constriction, or hypovolemia.

Laboratory

The chest X-ray appearance may vary depending on the time
course of the tamponade. In acute situations, the cardiac
shadow is normal because the pericardium cannot expand
rapidly, but in chronic effusions, the classic water bottle heart
may be seen, usually with clear lung fields. The electrocar-
diogram may show signs of pericarditis or decreased amplitude
of the QRS complexes. A finding highly suggestive of tam-
ponade is electrical alternans, representing the pendular swing-
ing of the heart within the fluid-filled pericardium. This symp-

tom usually only involves the QRS complex in a 2:1 or 3:1 pat-
tern, but when it involves the P, QRS, and T wave, it is pathog-
nomonic for a severe tamponade. Electrical alternans, however,
may also occur in pneumothorax, congestive heart failure,
myocardial infarction, or constrictive pericarditis. An echocar-
diogram should be obtained whenever tamponade is suspected
in the stable patient. The ECHO will verify a pericardial effu-
sion and may have findings of tamponade such as a swinging
pendular heart, right atrial diastolic collapse, and right ven-
tricular collapse in early diastole. Other findings include an in-
spiratory increase in the right ventricular dimension and tri-
cuspid valve flow, with a decrease in the left ventricular size
and mitral valve flow and an inferior vena cava diameter greater
than 20 mm with loss of normal inspiratory collapse.

CARDIAC CATHETERIZATION

Although the diagnosis of tamponade is mainly a clinical
one13 based on elevated venous pressures, tachycardia, dysp-
nea, and a pulsus paradoxus, cardiac catheterization is con-
firmatory. In the relatively stable patient, catheterization
quantifies the hemodynamic compromise and guides peri-
cardiocentesis. With tamponade, atrial, ventricular diastolic,
and pericardial pressures all are elevated and virtually equal,
which is sometimes referred to as equalization of pressures.
Because there is no pressure gradient, there is no flow or fill-
ing causing an absent or small y descent, correlating with di-
astolic right atrial or ventricular collapse seen on ECHO.

SPECIAL CASES

Low-pressure cardiac tamponade occurs in the setting of hy-
povolemia such as with tuberculous or neoplastic pericardi-
tis complicated by dehydration. Jugular venous distension is
absent and right atrial pressure is normal, with the classic
signs manifesting with volume administration. An elevated
blood pressure can also accompany tamponade in the patient
with underlying hypertension.14 After pericardiocentesis, the
arterial blood pressure may interestingly fall, but the cardiac
output and systemic vascular resistance improve. Tension
pneumopericardium is rare but can result from penetrating
trauma or perforation.

Treatment

In the patient near death from tamponade, prompt drainage
is vital. A blind pericardiocentesis can be done at the bedside,
but this approach runs the risk of cardiac laceration. ECHO-
guided aspiration is preferred if possible. Subxiphoid pericar-
diotomy can also be promptly accomplished under local anes-
thesia if necessary. In thoracic trauma, acute tamponade
should probably be managed with thoracotomy and repair of
the cardiac injury. Medical therapy with volume infusion and
vasopressors is mainly supportive and temporary until a more
definitive treatment can be rendered. In the stable patient, a
combined procedure of cardiac catheterization or ECHO with
pericardiocentesis can be done.

Constrictive Pericarditis

Constrictive pericarditis results from the healing of pericardi-
tis with granulation tissue and obliteration of the pericardial
cavity. The pericardium subsequently stiffens, forming a hard
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outer shell. The hemodynamic profile is very similar to car-
diac tamponade because the pericardium restricts and impairs
diastolic filling of the heart. It can also occur in concert with
tamponade, causing an effusive-constrictive pericarditis. Any
cause of pericarditis can produce constriction. The diagnosis
can be difficult because the chronic nonspecific symptoms can
mimic congestive heart failure, cirrhosis, or other organ dys-
function. Restrictive cardiomyopathy has a clinical presenta-
tion similar to constriction, and the differentiation between
these two entities can be very challenging.

Clinical Presentation

The clinical course is usually gradual and often insidious.
Weakness, fatigue, weight loss, and anorexia are common. Pa-
tients often appear chronically ill. Signs and symptoms of sys-
temic venous congestion predominate, such as peripheral
edema, hepatic congestion, exertional dyspnea, orthopnea,
and pleural effusions. Hepatomegaly is present in about 70%
of patients, and some may have evidence of severe hepatic
congestion. Other symptoms include fatigue, weight loss,
anorexia, cachexia, and cough. The hallmark finding of con-
strictive pericarditis is elevated jugular venous pressures.
With close examination, a prominent y descent on the jugu-
lar venous pulsations can be appreciated. The apical pulse is
typically reduced, and heart sounds may be distant. A dis-
tinguishing finding of constrictive pericarditis is the pericar-
dial knock, a distinct, early-diastolic third heart sound caused
by the abrupt cessation of ventricular filling by the rigid peri-
cardium. The knock can be easily confused with an S3 or an
opening snap of mitral stenosis. A widened split S2 may also
occur. In contrast to pulsus paradoxus, Kussmaul’s sign is the
rise in venous pressure with inspiration because respiratory
changes are minimized.

Laboratory

The chest X-ray cardiac silhouette in constrictive pericarditis
is variable with a normal-size heart in one-half of cases. Pleural
effusions are present in 60% of patients, but pulmonary edema
is uncommon and implies concomitant heart or lung disease
or a localized process. A useful marker is pericardial calcifica-
tion, which can have unusual configurations, but calcification
is not a frequent or specific finding for constrictive pericardi-
tis. The electrocardiogram usually is nonspecific but may show
reduced voltage, left atrial enlargement, or generalized ST–T
wave changes. Atrial fibrillation is common.

Echocardiography findings include pericardial thickening,
bilateral enlargement with good left ventricular function, and
a dilated inferior vena cava without significant respiratory
variation.15 With transesophageal echocardiography, a thick-
ened pericardium of constriction can be detected with 95%
sensitivity and 86% specificity.16 Doppler may also prove
valuable with respiratory variation of transvalvular flow.17

CT or MRI also can assess pericardial calcification and thick-
ness in addition to examining myocardial atrophy or fibrosis
in restrictive cardiomyopathy.

Hemodynamics

The diagnosis of constrictive pericarditis relies heavily on its
characteristic hemodynamic profile (Fig. 42.2).18 As in tam-

ponade, there is marked elevation of venous and equalization
of diastolic pressures. In addition, cardiac output and stroke
volumes are low normal to reduced, resulting in a compen-
satory tachycardia and elevation of the systemic vascular re-
sistance. In constriction, however, the pericardium acts as a
shell allowing the ventricles to contract normally in systole,
but limits filling in mid- to late diastole. Ventricular filling
is followed by an abrupt halt when the cardiac volume ex-
pands to the volume set by the pericardium. This transition
results in the dip-and-plateau or square-root sign seen in the
ventricular waveforms.

DIFFERENTIAL

Constrictive pericarditis should be suspected in any patient
with unexplained jugular venous distension, edema, or pleural
effusion. It is often mistaken for hepatic disease, cirrhosis,
Budd–Chiari syndrome, protein-losing enteropathy, superior
vena cava syndrome, intraabdominal malignancy, or ne-
phrotic syndrome. Constrictive physiology may also be seen
in acute and massive right ventricular infarct with right ven-
tricular dilatation, subacute tricuspid regurgitation, and rarely
acute mitral regurgitation.

The primary diagnostic challenge is differentiating con-
striction from restrictive cardiomyopathy. In equivocal cases,
an endomyocardial biopsy is needed for diagnosis. An accu-
rate diagnosis is needed because pericardiectomy is not war-
ranted in restriction, but it can be curative in constrictive
pericarditis.

Management

This progressive disease process can be fatal if not treated.
Medical management with diuretics is usually only a tem-
porizing measure. Complete pericardial resection is the de-
finitive treatment for constrictive pericarditis.19

Specific Pericardial Diseases

Infectious

Acute idiopathic pericarditis probably represents an acute vi-
ral process. Coxsackie virus group B and echovirus type B are
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FIGURE 42.2.  Constrictive pericarditis. Simultaneous left ventricu-
lar (LV), right ventricular (RV), pulmonary artery (PA), and right atrial
(RA) pressures. Note equalization of pressures in end diastole. The
dip and plateau of the ventricular waveforms are seen with the dip
occurring in early diastole and the plateau in mid- to late diastole. A
prominent y and normal x descent of the atrial waveform causes a
characteristic M or W configuration. (Adapted from Reddy et al.18)



the most common offenders. A prodrome of an upper respi-
ratory illness or flu-like syndrome usually occurs several days
or weeks before the pericarditis. The diagnosis is based on the
clinical presentation of mild symptoms and a self-limited
course.

Tuberculous pericarditis is still very common in devel-
oping countries, but with effective primary treatment of tu-
berculosis, the incidence has markedly diminished in the
United States and industrialized countries. Unlike that of
acute pericarditis, the clinical course is usually indolent, but
it can also manifest rapidly. Nonspecific symptoms include
fever, night sweats, and lethargy. The diagnosis can be made
with isolation of tuberculosis from sputum, pleural fluid, or
other tissue if available, but concomitant active pulmonary
tuberculosis is the exception. A calcific pericardium is a com-
mon feature with tuberculous constriction.

Bacterial or purulent pericarditis is usually a result of di-
rect contamination from adjacent infection, such as pneumo-
nia or empyema, trauma, or hematogenous spread. It presents
as an acute, severe illness with high fevers and shaking chills.
Pneumococci, staphylococci, and streptococci remain likely
causes, especially if community acquired.20 The choice of an-
tibiotics depends on the organism cultured and the sensitiv-
ity results. Although the pericardium can achieve high tissue
and fluid concentrations of antibiotics, systemic antibiotics
alone are not adequate and drainage procedure is necessary.

Neoplastic

Metastatic lesions to the heart are fairly common, with the
pericardium involved in about 5% to 10% of cancer deaths.21

The neoplasms most commonly metastatic to the peri-
cardium are lung cancers, followed by breast.22 Other malig-

nancies include lymphoma, leukemia, melanoma, GI tumors,
and sarcomas. The median survival for all malignant peri-
cardial effusions is only 2 to 4 months with a 1-year survival
of 25%.23 The clinical presentation can vary from asympto-
matic small effusions to acute, florid tamponade. Patients
may have vague symptoms of dyspnea, cough, or chest pain.
Once a malignant pericardial effusion is suspected, a pericar-
diocentesis should be done.

Management of malignant pericardial effusion is based on
the patient’s symptoms, prognosis, and general condition. Pal-
liative care only should be considered in those patients with
a poor prognosis and poor medical condition. The goal of ther-
apy should be to alleviate symptoms, relieve cardiac tam-
ponade, and prevent recurrence. A general algorithm for man-
agement and treatment of a malignant pericardial effusion is
presented in Figure 42.3.

Primary neoplasms of the pericardium are rare, with the
majority benign. Teratomas are the most common tumor fol-
lowed by lipomas, fibromas, and angiomas. Of the malignant
primary pericardial neoplasms, mesothelioma is the most fre-
quent. Many times asbestos exposure cannot be elicited from
the patient history. Mesothelioma can envelop the heart and
has a poor prognosis.

Cardiac-Associated Pericarditis

Postinfarction pericarditis occurs in an early and late form,
sometimes called infarct pericarditis and Dressler’s syn-
drome, respectively. Infarct pericarditis tends to be localized
to the area of injury. It usually has mild symptoms and re-
sponds to aspirin (up to 650 mg every 4 h for 5–10 days). 
In resistant cases, other NSAIDs and corticosteroids can be
used. Dressler’s syndrome presents weeks to months after the
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FIGURE 42.3.  Algorithm for the diagnosis and treat-
ment of malignant pericardial effusion. ECHO,
echocardiography; VATS, video-assisted thoracoscopic
surgery. (From Zwischenberger and Bradford,2 with
permission.)



TABLE 42.1. Comparison of Pericardial Procedures.

Biopsy/window/
Procedure Position Anesthesia Incision resection size Pain Advantages Disadvantages

Pericardiocentesis Supine Local Percutaneous None Minimal Can be done emergently at bedside Drainage may be inadequate
Fluid drainage/analysis Blind approach associated with 
Catheter for prolonged drainage or higher risk

sclerosis Higher recurrence rate
Balloon pericardi- Supine Local Percutaneous Small window Minimal Low morbidity Limited availability

otomy No biopsy Can be done in the
catheterization lab

Subxiphoid peri- Supine Local or Small incision Small window Mild Good drainage Limited access
cardiotomy single lumen 4 � 4 cm anterior Low morbidity

sample
VATS pericardi- Lateral Double lumen Three-port video Larger Mild Good drainage Surgeon unable to feel tissue

otomy decubitus Single-lung anesthesia equipment Low morbidity
Access to pleura and lung

Anterolateral peri- Lateral Double lumen Anterolateral Larger Most Limited pericardiectomy Higher morbidity than with 
cardiotomy or decubitus Single-lung anesthesia thoracotomy Surgeon able to feel tissue subxiphoid pericardiotomy
pericardiectomy Access to pleura and lung

Radical pericardi- Supine Single lumen Median stern- Largest Moderate Complete pericardial resection Pain/morbidity
otomy otomy Access for cardiopulmonary Operative risk

bypass

5
4

4



infarct and occurs in less than 3% of patients. The cause is
unclear, but an autoimmune process is theorized, given the
appearance of antimyocardial antibodies. The course is gen-
erally self-limited but the syndrome may be recurrent. Treat-
ment is the same as with infarct pericarditis with bed rest
and aspiration being the first choices, but other NSAIDs,
colchicine, and corticosteroids are alternatives.

Pericardial effusions after cardiac surgery are very com-
mon, occurring in nearly two-thirds of patients. Frequently
they are small, but are loculated in about 60% of patients and
are significantly more common after valve replacement. Post-
pericardiotomy and postcardiac injury syndromes resemble
Dressler’s because of similar elevations of antimyocardial an-
tibodies, thought to be an autoimmune reaction. Symptoms
include fever, pleuritic chest pain, and malaise that start
about 1 week after cardiac surgery or injury. Steroids may be
used if severe symptoms do not abate within 48 h.

Traumatic

Exsanguination or pericardial tamponade are the principal
immediate causes of death from cardiac trauma. Whenever
traumatic injury to the pericardium occurs, whether blunt or
penetrating, the heart and great vessels along with other vi-
tal organs are also frequently involved. The usual signs and
symptoms of “medical” tamponade such as pulsus or rub are
absent or variable in traumatic “surgical” tamponade. In ad-
dition, other serious concomitant wounds and shock may
mask pericardial damage. In blunt trauma, pericardial rupture
can result in cardiac herniation with displacement of cardiac
and vascular structures. Although this may be immediately
fatal, sometimes it does not occur until several hours after
the injury. A chest X-ray can be diagnostic,24 but pericardial
rupture may not be found until surgery is performed.

In penetrating trauma, pericardial lacerations seldom oc-
cur alone, and their clinical significance depends on the un-
derlying cardiac injury. Hemopericardium and tamponade are
the main concerns. If the patient is in extremis, quick diag-
nosis and drainage are essential. Pericardiocentesis may not
be possible because of clot formation. A subxiphoid pericar-
diotomy can be performed expeditiously and, if bleeding is
found, be followed by median sternotomy with operative re-
pair of the injury.25

Miscellaneous

Uremia is one of the most common causes of pericarditis on
a medical service. The primary concern with uremic peri-
carditis is the development of cardiac tamponade, which can
occur in 20% of patients,26 especially those with new-onset
renal failure or in underdialyzed patients. Management con-
sists of intensive daily dialysis with regional or limited he-
parinization to minimize the risk of pericardial bleeding.27 In
resistant cases of recurrent effusion, drainage by a pigtail cath-
eter, a subxiphoid pericardiotomy, or pericardiectomy may be
needed.28

Chylopericardium is a rare condition usually resulting
from the obstruction of the thoracic duct by trauma, cardiac
surgery, or mechanical blockage, such as with neoplasms.
These effusions are frequently idiopathic and tend to be large
and chronic. Conservative treatment consists of a low-fat and
high medium-chain triglyceride diet. For resistant cases, peri-

cardiotomy following oral cream ingestion for exploration of
source leak and thoracic duct ligation with or without peri-
cardiectomy may be needed.29,30

Radiation therapy to the thorax is used commonly such
as with breast cancer and lymphoma. Up to 20% of patients
develop complications of radiation pericarditis. Radiation
pericarditis usually occurs several months or sometimes years
after the course of therapy31 and can be difficult to distin-
guish from recurrent malignancy or pericardial effusion
caused by radiation-induced hypothyroidism. For large recur-
rent effusions or constrictive pericarditis, an extensive peri-
cardiectomy may be needed.

There is a high incidence and prevalence of pericardial ef-
fusion in AIDS. In one study, pericardial effusions developed
at a rate of 11% per year. Most of these were small and rarely
progressive, but patients had a significantly shortened sur-
vival.32

Pericardial Procedures

Procedures involving the pericardium are generally safe and
effective, and most can be both diagnostic and therapeutic
(Table 42.1).

Congenital Abnormalities

Congenital absence of the pericardium is uncommon. The de-
fect can be partial or complete. In one-third of these cases,
there are associated cardiac, valvular, pulmonary, or dia-
phragmatic anomalies. CT and MRI are very helpful in the
diagnosis.33 Isolated complete right or left pericardial defects
are usually asymptomatic and can simply be observed. With
partial absence of the pericardium, herniation of myocardium,
great vessels, coronary arteries, and even the phrenic nerve
can result in chest pain, syncope, or even sudden death. To
relieve or prevent strangulation, pericardiotomy, pericardio-
plasty, or excision of the atrial appendage can be performed.34

Pericardial cysts are frequently asymptomatic and found
on routine chest X-ray, ordinarily in the right cardiodi-
aphragmatic angle. Their clinical course is most often benign,
but they can become infected or cause chest pain due to tor-
sion. Surgery is generally not needed; however, excision may
be helpful in diagnostically difficult cases or in the sympto-
matic patient.

Pericardium as Biomaterial

The pericardium has been used extensively as a biomaterial
because of its strong, thin, but pliable properties. Heterograft,
homograft, and autologous material have all been used as
patches or bioprostheses.
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Mediastinum
Mark I. Block

Descending Necrotizing Mediastinitis

Descending necrotizing mediastinitis (DNM) is an uncom-
mon but virulent form of mediastinal infection that arises
from infectious sources in the head and neck and descends
rapidly through cervical fascial planes to involve the medi-
astinum. It is distinguished from other forms of mediastinal
infection not only by its unique pathophysiology but also by
its potential for rapid progression to overwhelming sepsis and
death, often within 24 to 48 h from the onset of symptoms.
Recent large reviews document mortality rates persistently
in excess of 30%.1 However, a strategy of early and aggres-
sive surgical debridement has been shown to reduce this fig-
ure to less than 20%.2,3

Epidemiology

More than half of all cases of DNM are odontogenic, arising
most commonly from infections of the mandibular molars.1,4

Less common sources of infection include retropharyngeal ab-
scesses, iatrogenic pharyngeal injuries, cervical lymphadeni-
tis, parotitis, and thyroiditis.1,4,5 The mean age of patients is
32 to 36 years and most are men, with a ratio of men to
women as high as 6:1.1,2,6

Anatomy

Infections that arise in the neck can descend into the medi-
astinum through planes defined by the three layers of deep
cervical fascia—superficial, visceral, and prevertebral (Fig.
43.1).5–7 These layers divide the neck into three potential
spaces. (1) The pretracheal space is bordered by the strap mus-
cles anteriorly and the trachea posteriorly. (2) The retrovis-
ceral space is defined by the prevertebral fascia posteriorly
and the esophagus anteriorly, and extends from the skull base
down to the diaphragm. (3) The perivascular space is sur-
rounded by the carotid sheath and contains the carotid artery,
jugular vein, and vagus nerve. The retrovisceral space is the
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most common avenue for descension of infection into the 
mediastinum, accounting for approximately 70% of cases.3,8

Microbiology

Multiple organisms have been isolated from patients with
DNM. More than half are found to have a mixed aerobic/
anaerobic infection,1,3,4 with the most common organisms 
being Staphylococcus, �-hemolytic Streptococcus, Pseudo-
monas, and Bacteroides.1,3–6,9 Peptostreptococcus has also
been found relatively frequently.9,10 Although fungal organ-
isms are uncommon, species of Aspergillus and Candida3 are
occasionally isolated and should be a consideration in plan-
ning empiric antibiotic therapy.

Diagnosis

Because DNM can progress rapidly, successful management of
patients requires early initiation of therapy based on a pre-
sumptive diagnosis. Definitive diagnosis is of primarily aca-
demic interest and is based on four criteria: (1) clinical mani-
festations of severe infection; (2) characteristic radiographic
features; (3) documentation of necrotizing mediastinal infec-
tion at operation or autopsy; and (4) establishment of a rela-
tionship between oropharyngeal infection and the development
of the necrotizing mediastinal process. It is emphasized, how-
ever, that because of the rapid progression and high mortality
associated with DNM, appropriate treatment should not await
definitive diagnosis. Clinical findings suspicious for DNM in-
clude fever, localized cervical or oropharyngeal pain, and res-
piratory distress.5 Occasionally erythema and swelling in the
submandibular or cervical region can be identified, while crepi-
tus can be the result of either hollow viscus injury (trachea or
esophagus) or advancing anaerobic infection. A recent history
of dental work or dental infection combined with signs of in-
fection outside the mouth should prompt immediate initiation
of therapy. Respiratory distress is a particularly ominous find-
ing and signals impending airway obstruction from progressive



FIGURE 43.1.  Tissue planes and spaces in the neck. Superficial (A),
visceral (B), and prevertebral (C) cervical fascial planes create three
potential spaces: pretracheal (1), retrovisceral (2), and perivascular (3).
The retrovisceral space is the most common route for descending in-
fection.

laryngeal edema. Features of DNM appreciable on plain X-rays
include widening of the retrovisceral space with or without
air–fluid levels, anterior displacement of the tracheal air col-
umn, loss of normal cervical spine lordosis, and mediastinal
emphysema.4 However, because these findings may not be ap-
parent until late in the course of the illness, patients in whom
the diagnosis is suspected should undergo immediate evalua-
tion by computed tomography (CT). Findings such as soft tis-
sue edema, fluid collections, pleural effusions, and cervical and
mediastinal emphysema will establish the diagnosis early and
define the extent of infection.2,4

Management

Treatment should be initiated as soon as the diagnosis of
DNM is suspected and should address three considerations:
airway maintenance, antibiotic therapy, and surgical de-
bridement. Once antibiotics have been initiated, it is essen-
tial to monitor clinical response and results of antibiotic sen-
sitivity testing, making appropriate changes as indicated.
Concern over the continued high mortality associated with
DNM has led to the recommendation that routine mediasti-
nal debridement via thoracotomy should be considered the
standard of care for all patients.1,2,6 The decision not to di-
rectly debride and drain the mediastinum must be justified
by clear and early signs of the patient’s clinical improvement.
It is likely that the worse the patient’s condition, the greater
is the extent of debridement required.

Postoperative Mediastinitis

Epidemiology

Mediastinitis complicating cardiac surgical procedures is asso-
ciated with an in-hospital mortality of up to 35%,11–17 a four-
fold increase in long-term mortality,14 and an increase in hos-
pital costs of as much as 4.5 times.13,18 Staphylococcus species
are the most common causative organisms, with Staphylo-
coccus aureus and Staphylococcus epidermidis responsible for
more than 50% of cases in most reported series.11,13,16,19–22

Other important pathogens often recovered include Pseudo-
monas, Enterobacter, Escherichia coli, and Serratia.

Diagnosis

Establishing the diagnosis of postoperative mediastinitis can
be challenging. Suspicious findings include increased inci-
sional pain, sternal instability manifest as a “click” with
coughing or palpation, dyspnea, fever, and incisional ery-
thema and drainage. These signs and symptoms usually ap-
pear between 5 and 10 days postoperatively, but may not be-
come apparent for several months.11,23 Diagnosis is made
difficult because many patients develop fever and leukocyto-
sis without the finding of sternal instability, and minor ster-
nal instability is not always a consequence of mediastinal in-
fection. Diagnostic evaluation most commonly includes CT.
Although the absence of suspicious findings on CT does not
rule out mediastinitis, the presence of soft tissue swelling and
fluid and air collections can be important indicators of ongo-
ing infection.24,25 Some authors have advocated radiolabeled
leukocyte scintigraphy for early diagnosis.26,27

Risk Factors

Factors contributing to the development of postoperative me-
diastinitis can be grouped broadly into categories relating to
the patient’s preexisting conditions, the conduct of the oper-
ation, and the postoperative environment of the patient’s care.
Preexisting conditions such as obesity, chronic obstructive
lung disease, prior cardiac surgery, diabetes, and heart failure
have been identified as significant independent predictors of
increased risk.16,17,20,28–30 Similarly, studies identified ur-
gency of the procedure, duration of cardiopulmonary bypass,
and overall duration of the procedure as important intraop-
erative factors. Bilateral internal mammary artery (BIMA) use
is generally accepted as an important risk factor, but the data
are inconsistent.

Management

As with infected incisions elsewhere in the body, debridement
followed by open or closed drainage can control infection and
lead to complete wound healing. Definitive therapy for post-
operative mediastinitis requires debridement of the infected
sternum and costal cartilages and reconstruction with flaps
made from pectoralis major, rectus abdominus, or omentum.
Failure to debride all infected bone and cartilage can lead to
reoperation and increased morbidity and mortality.

Long-Term Sequelae

Aggressive management of postoperative mediastinitis has
led to a substantial decrease in mortality and requires early
involvement of plastic surgery. Closed irrigation techniques
may be associated with higher mortality,11,12 but are more
likely to preserve chest wall stability and function. Although
follow-up studies have suggested minimal to no loss of mus-
cle strength and function with tissue flap reconstruction,31,32

surveyed patients report a high incidence of persistent pain
or discomfort and half did not return to work.31 Lack of
prospective data and complete follow-up prevent drawing de-
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finitive conclusion, but their results are provocative and sug-
gest that although associated with lower mortality, more ag-
gressive treatment may lead to a significant decrement in
quality of life.

Fibrosing Mediastinitis

Fibrosing mediastinitis, also known as sclerosing mediastini-
tis, is a rare disorder that is characterized by acute and chronic
inflammation and progressive fibrosis within the medi-
astinum. The fibrosis can proceed relentlessly to compromise
patency of the superior vena cava, major and minor airways,
pulmonary arteries and veins, and the esophagus. Although
the precise etiology remains unclear, it is now thought that
an abnormal inflammatory response to fungal antigens is the
most common cause.

Epidemiology and Clinical Features

Fibrosing mediastinitis usually presents in the second, third,
or fourth decade of life, and men are affected slightly more of-
ten than are women.33–36 Although some patients are asymp-
tomatic at the time of diagnosis, more than 60% present with
symptoms caused by compression of mediastinal structures.37

Cough, dyspnea, wheezing, and the sequelae of superior vena
caval obstruction are the most common symptoms.

Diagnosis

Fibrosing mediastinitis is often a diagnosis of exclusion.
Plain chest X-ray may demonstrate an abnormal mediasti-
nal contour or changes in pulmonary vasculature that indi-
cate pulmonary arterial or venous compromise. CT is the
study of choice for initial evaluation.38 It readily identifies
the extent of fibrosis, the presence of granulomas and cal-
cification, and compression of mediastinal structures. Vas-
cular anatomy is best assessed by combining venography
with contrast-enhanced CT. Bronchoscopy should be per-
formed to evaluate for the presence of broncholiths and dis-
tortion of bronchial anatomy. In general broncholiths should
be left alone, as they are often densely adherent to the pul-
monary artery and any attempt to remove them may result
in massive hemoptysis.

The decision to pursue additional specific studies such as
barium swallow, esophagoscopy, and cardiac catheterization
should be guided by clinical signs and symptoms. Although
not definitive, serological testing can be suggestive of the di-
agnosis and may be helpful for planning therapy. Ultimately
however, because fibrosing mediastinitis is often a diagnosis
of exclusion, biopsy may be necessary to rule out other dis-
orders such as malignancy.

Therapy

Medical therapy for this disease has met with limited success.
Steroids are of no proven benefit,34,39 but for those patients in
whom fungal infection has been implicated, therapy with an-
tifungal agents has been shown effective.35,36 Despite some suc-
cess with antifungal therapy, many patients require surgical 
intervention for bypass of the superior vena cava or decom-
pression of central airways and pulmonary vasculature. Airway

involvement can lead to distortion and obstruction with chronic
postobstructive pneumonia; this is most frequent in the right
middle lobe and is known as middle lobe syndrome. Treatment
may require pulmonary resection.40 Because surgery is likely
to be difficult and hazardous, it should only be considered as
an appropriate option for patients with progressive disease and
severely limiting symptoms. Patients with stable disease and
without severe disability may be managed expectantly.

Superior Vena Cava Syndrome

Obstruction of the superior vena cava (SVC) produces an un-
mistakable constellation of signs and symptoms known as
SVC syndrome. The severity of symptoms is determined by
the adequacy of collateral venous drainage, which is in turn
a function of the rapidity with which the SVC obstruction
progresses. As a general rule, the more rapid the process, the
less time there is for development of collaterals and the more
severe the symptoms. Although most patients are sympto-
matic, in unusual cases where obstruction develops over a
prolonged period of time there may be minimal to no symp-
toms. Therapy is directed at palliation and, if possible, treat-
ment of the underlying condition.

Epidemiology

Located in the middle mediastinum, the SVC is vulnerable to
compression by mediastinal tumors, enlarging paratracheal
lymph nodes, and aneurysms of the ascending aorta. Bron-
chogenic cancer is the most common malignant cause of SVC
syndrome (70%–85%), lymphoma is second (5%–15%), and
metastases from extrathoracic malignancies account for most
of the rest (5%–10%).41 The most common benign cause of
SVC syndrome is thrombosis.

Clinical Presentation and Diagnosis

Clinical findings alone often establish the diagnosis of SVC
syndrome. Approximately two-thirds of patients present with
facial swelling, dyspnea at rest, orthopnea, and cough. Phys-
ical examination usually reveals a characteristic plethoric ap-
pearance with facial, neck, and arm swelling as well as promi-
nent subcutaneous veins across the neck and upper torso.

Once the diagnosis of SVC syndrome has been made, it is
essential to determine the underlying cause and, in some cases,
the precise venous anatomy. CT and magnetic resonance imag-
ing (MRI) are equally valuable for demonstrating the anatom-
ical characteristics of the mediastinum and great vessels and
for identifying the existence of synchronous disease elsewhere
in the chest. Furthermore, these studies can also assess vessel
patency and collateral circulation by demonstrating either
opacification with contrast-enhanced CT (Fig. 43.2) or signal
loss with MRI. Although CT and MRI can identify collateral
vessels, bilateral upper extremity venography is essential if
thrombolysis, surgical bypass, or percutaneous stenting of the
SVC is contemplated.42

Therapy

The management of patients with SVC syndrome should be
designed both to treat the underlying cause of the obstruc-
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tion and to palliate symptoms. Although definitive therapy
may require surgical bypass of the obstructed SVC, medical
therapy, such as with thrombolytics, or, in the case of ma-
lignancy, chemo- and radiotherapy, may be adequate to
achieve significant relief of symptoms. Simple measures such
as elevation of the head and administration of diuretics should
be initiated for all patients, regardless of the cause of the ob-
struction. Diuretics decrease edema generally, decrease the
production of cerebrospinal fluid, and decrease cardiac out-
put. Unfortunately, steroids are of no proven benefit for the
treatment of laryngeal and cerebral edema in this setting.42

Mediastinal Lesions

The wide variety and diverse origins of tissues normally found
within the mediastinum accounts for the extraordinary assort-
ment of tumors and cysts that arise from them. These lesions
are collectively referred to as primary mediastinal lesions (Table
43.1). Secondary lesions of the mediastinum are derived from
extramediastinal tissues, such as thyroid, bone, or lung, and ei-
ther migrate into or metastasize to the mediastinum. Many be-
nign lesions are asymptomatic and are discovered incidentally,
whereas malignant lesions are more likely to produce symp-
toms from compression and invasion of adjacent structures.
Mediastinal tumors may also present as a consequence of sys-
temic syndromes caused by the production of bioactive pep-
tides and hormones. The diagnosis is usually suggested by the
patient’s age, the location of the lesion within the mediastinum,
the presence or absence of symptoms, and its radiographic fea-
tures. Ultimately however, definitive diagnosis rests on ob-
taining tissue, either through biopsy or excision.

Mediastinal Compartments

Although anatomists divide the mediastinum into four com-
partments, it is most helpful for discussions of mediastinal
lesions to divide the region into only three: anterior, middle,

and posterior (Fig. 43.3). The anterior compartment, also
known as the anterosuperior or prevascular compartment, ex-
tends from the posterior surface of the sternum to the ante-
rior surface of the pericardium and great vessels. It can be
readily identified on lateral chest X-ray and contains the thy-
mus and surrounding lymphatic and connective tissues. A
line drawn along the border between the esophagus and the
anterior longitudinal spinal ligament separates the middle and
posterior compartments. The posterior compartment extends
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FIGURE 43.2.  Superior vena cava (SVC) syndrome shown by CT with
intravenous contrast of a patient who presented with SVC syndrome
from small cell lung cancer. Note contrast in the narrowed SVC lu-
men (long arrow) and the large right pleural effusion. Collateral cir-
culation can be seen in the prominent azygous (short arrow), subcu-
taneous (arrowheads), and internal mammary (arrowheads) veins.
(Courtesy of M. McCowin, M.D., Department of Radiology, San Fran-
cisco Veterans Affairs Medical Center, San Francisco, CA.)

TABLE 43.1. Types of Primary Mediastinal Lesions.

Neurogenic tumors
Neurilemoma (Schwannoma)
Neurofibroma
Ganglioneuroma
Ganglioneuroblastoma
Neuroblastoma
Paraganglioma (pheochromocytoma)

Chemodectoma
Cysts

Foregut cysts
Bronchogenic cyst
Duplication (enteric) cyst

Mesothelial cysts
Pleuropericardial cyst

Neurenteric cyst
Thymic cyst
Unclassified

Thymus
Thymoma
Thymic cyst
Thymic carcinoma
Thymolipoma

Lymphoma
Hodgkin’s disease
Non-Hodgkin’s lymphoma

Primary mediastinal B-cell lymphoma
Lymphoblastic
Large cell diffuse
Other

Germ cell tumors
Benign

Epidermoid cyst
Dermoid cyst
Mature teratoma

Malignant
Seminoma

Nonseminomatous germ cell tumor
Mesenchymal tumors

Lipoma/liposarcoma
Fibroma/fibrosarcoma
Leiomyoma/leiomyosarcoma
Myxoma
Mesothelioma
Rhabdomyoma/rhabdomyosarcoma
Hemangioma/hemangiosarcoma
Hemangiopericytoma
Lymphangioma (cystic hygroma)
Lymphangiomyoma
Lymphangiopericytoma

Endocrine
Ectopic parathyroid
Mediastinal thyroid
Carcinoid

Other
Giant lymph node hyperplasia (Castleman’s

disease)
Granuloma

Source: Adapted from Davis et al. 1995,89 with permission.



posteriorly from the anterior longitudinal spinal ligament to
the costovertebral junction and is equivalent to the bilateral
paravertebral sulci. Division of the mediastinum into three
compartments facilitates diagnosis because most lesions have
a predilection for one of the three (Table 43.2).

Patient Age

The relative prevalence of specific primary lesions varies with
the age of the patient population (Table 43.3). This informa-
tion is thus most helpful in the following circumstances:

1. An anterior mediastinal mass in an adult is most likely
to be a thymoma.

2. An anterior mediastinal mass in a child or young adult is
most likely to be a lymphoma or a germ cell tumor.

3. A paravertebral mass in an infant is most likely to be a
neuroblastoma (malignant), in a child it is most likely to
be a ganglioneuroma (benign), and in an adult it is most
likely to be a neurilemmoma.

Clinical Presentation

Up to half of all mediastinal lesions are incidental discov-
eries on chest X-ray or CT scan. Symptoms can be caused
by local mass effects, systemic effects of tumor-derived hor-
mones and peptides, or infection. Local effects are depen-
dent on the size and location of the lesion and result from
compression of adjacent structures. Examples include cough,
stridor, dyspnea, chest pain, and dysphagia. It has been gen-
erally accepted that symptoms are more likely to occur in
children.43 They are also more common with malignant tu-
mors that, unlike benign lesions, are more likely to fix, en-
case, and invade adjacent structures. Many mediastinal tu-
mors are associated with a variety of clinical syndromes. In
some cases, tumor-derived hormones or peptides are directly
causative.

Evaluation of the Patient with a 
Mediastinal Lesion

The primary goals of evaluation are to determine the correct
diagnosis and to establish the tumor’s anatomical relation-
ships and resectability should surgery be indicated. In some
circumstances, a precise tissue diagnosis is not required be-
fore proceeding to surgery, but in no case should an exten-
sive resection be undertaken without one.

RADIOLOGY

Imaging is an essential part of the workup of all mediastinal
lesions, and is often the only investigation needed before ini-
tiating therapy. CT scanning is typically the first step. As an 
alternative to CT, MRI has several advantages. Because it
demonstrates flowing blood and the spinal cord exceptionally
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FIGURE 43.3.  Mediastinal compartments: A, anterior; B, visceral;
C, paravertebral (posterior).

TABLE 43.2. Usual Location of Mediastinal Lesions.

Mediastinal compartment

Type of lesion Anterior Visceral Paravertebral sulci

Primary
More common Thymoma Foregut cyst Neurilemoma

Benign and malignant Pleuropericardial cyst (schwannoma)
germ cell tumors Lymphoma Neurofibroma

Lymphoma Mediastinal granuloma Neuroblastoma
Malignant schwannoma
Ganglioneuroma
Ganglioneuroblastoma
Foregut cyst

Less common Mesenchymal tumors Paraganglioma Paraganglioma
Thymic cyst Neurenteric cyst Pheochromocytoma
Parathyroid adenoma Thoracic duct cyst Mesenchymal tumors

Lymphoma
Secondary Thyroid goiter Thyroid goiter Extramedullary

Bony tumors Metastatic carcinoma hematopoiesis
Foramen of Morgagni Bony tumors

hernia
Hiatal hernia
Pancreatic pseudocyst

Source: Adapted from Shields 1994,90 with permission.



TABLE 43.3. Common Primary Lesions of the Mediastinum 
by Patient Age.

Children Adults

40% Neurogenic tumors 20% Neurogenic tumors
Neuroblastoma (�2 years) Neurilemmoma
Ganglioneuroma (2–10 years) 20% Thymoma

20% Lymphomaa 20% Congenital cyst
17% Congenital cyst 13% Lymphomaa

13% Germ cell tumor 12% Germ cell tumor
aApproximately two-thirds of mediastinal lymphomas are non-Hodgkin’s dis-
ease in both pediatric and adult age groups.

Source: Adapted from Shields 199490 and Davis et al. 1995.89

well, it is the preferred study for evaluation of suspected vas-
cular lesions and for lesions that may extend into the spinal
canal. MRI is also indicated for those patients who should
not receive contrast.

Ultrasonography has an evolving role in the evaluation of
mediastinal lesions. Transesophageal echocardiography can
be an invaluable tool for assessing the relationship of medi-
astinal lesions to the heart. A more recent development has
been the use of esophageal endoscopic ultrasound (EUS)
guided fine-needle aspiration biopsy.44 This technique facili-
tates biopsy of lesions that may be difficult to reach through
more traditional percutaneous approaches.

Nuclear medicine offers a variety of functional imaging
studies to complement the anatomical imaging of CT, MRI,
and ultrasound and can provide definitive diagnostic infor-
mation in certain circumstances.

SEROLOGY

For most patients with mediastinal lesions, serological ex-
amination for the presence of tumor-specific biochemical
markers is not routine. Important exceptions are the mea-
surement of serum �-fetoprotein (AFP) and �-HCG levels in
suspected nonseminomatous germ cell tumor (NSGCT), and
the measurement of serum catecholamines in suspected 
catecholamine-producing neurogenic tumors.

BIOPSY

Tissue diagnosis is often, but not always, required before pro-
ceeding with therapy. As outlined, some imaging and sero-
logical information may be diagnostic. Furthermore, resec-
tion may be indicated regardless of the results of tissue biopsy.
Circumstances in which biopsy is indicated include (1) sus-
picion of a tumor that is treated primarily with nonoperative
therapy (e.g., lymphoma, NSGCT, or seminoma); (2) evidence
of local invasion that would require resection and recon-
struction of vital structures (e.g., involvement of the superior
vena cava by a large anterior mediastinal mass); and (3) evi-
dence of metastatic disease rendering resection inappropriate.
The available techniques for biopsy include fine-needle aspi-
ration cytology (FNA), cervical and anterior mediastinoscopy,
and thoracoscopy. FNA is preferred as the least invasive and
often simplest approach. Recent series report an accuracy 
at cytological diagnosis between 80% and 90%45–48 and an
accuracy at distinguishing benign from malignant that ap-
proaches 100%.46

Secondary Mediastinal Lesions

SUBSTERNAL GOITER

Substernal goiters are the most common mediastinal lesion
of extramediastinal origin. Most patients present with an
asymptomatic neck mass, but as many as half of patients with
a partial or complete substernal goiter have symptoms such
as dyspnea, cough, dysphagia, or stridor.49–52 Thyrotoxicosis
is rare, and hoarseness, an uncommon symptom, is highly
suggestive of malignancy. Histologically, most lesions are
nontoxic multinodular goiters but as many as 44% may be
follicular adenomas.51 Reports of the prevalence of malig-
nancy vary from 2% to 21%.49,51–53

Both history and physical exam may suggest the diagno-
sis of substernal goiter, as up to 20% of patients have had a
thyroidectomy and almost two-thirds have a palpable low cer-
vical mass.49–51 Imaging with plain films, CT, or MRI may
be helpful. Although asymptomatic patients with a definitive
diagnosis and a small lesion may be observed in selected cir-
cumstances, resection is usually indicated to prevent devel-
opment of acute airway obstruction and because of the po-
tential for malignancy. Radioactive iodine is contraindicated
not only because it is ineffective in treating these large tu-
mors, but also because it may initially aggravate airway com-
pression.

LESIONS OF SKELETAL ORIGIN

A variety of lesions that arise in the thoracic skeleton can
grow into the mediastinum. Sternal tumors usually are eas-
ily distinguished from true mediastinal masses, but lesions
that arise from the vertebral bodies may be more difficult to
differentiate. These lesions include chordomas, anterior
meningoceles, and ectopic extramedullary hematopoietic 
tissue.

VASCULAR LESIONS

Although they arise from mediastinal structures, vascular ab-
normalities typically are not included within the spectrum of
primary mediastinal lesions. Nevertheless, they should be
considered in the differential diagnosis. They may originate
from any of the major arteries or veins in the mediastinum
and may be either congenital or acquired. Examples include
the wide variety of aortic arch and pulmonary arterial anom-
alies, vascular rings, and aneurysms of the aorta and ductus
arteriosus. Angiography is diagnostic, but MRI can be an ef-
fective noninvasive substitute.

LESIONS OF INTRAABDOMINAL ORIGIN

Herniation of abdominal viscera through the foramen of Mor-
gagni or the esophageal hiatus can mimic a mediastinal mass
on plain chest X-ray. However, careful history and further ra-
diological evaluation should readily differentiate these ab-
normalities from true mediastinal lesions.

METASTATIC DISEASE

Lymphadenopathy from metastatic lung cancer is probably
the most common abnormality encountered in the medi-
astinum. The mediastinal lymph nodes can also be involved
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with metastatic disease from a variety of other sources, in-
cluding colon and rectal cancers, head-and-neck malignan-
cies, testicular tumors, and lymphoma. The diagnosis of
metastatic carcinoma is usually straightforward, with a
known or suspected primary lesion readily identifiable else-
where. Furthermore, metastatic disease typically presents as
multiple enlarged lymph nodes, rather than as a solitary mass
that would be more consistent with a primary mediastinal le-
sion. Evaluation of suspected metastatic disease is usually
made with mediastinoscopy or, increasingly, positron emis-
sion tomography.

Primary Mediastinal Lesions

NEUROGENIC TUMORS

Neurogenic tumors can arise from cells of the nerve sheath,
the autonomic ganglia, or the paraganglion system and can
be either benign or malignant (Table 43.4). Young children
are much more likely to have a malignant tumor (neuroblas-
toma), whereas older children and adults are more likely to
have benign lesions (ganglioneuromas and neurilemmomas,
respectively).43,54–56 Most neurogenic tumors present as inci-
dental findings and are asymptomatic, but symptoms can
arise from either local or systemic effects. Local effects are
predominantly pain and paresthesias caused by erosion into
the vertebral column or chest wall or impingement of nerve
roots. Neurological deficits such as Pancoast’s or Horner’s
syndrome may also be present. Systemic effects are uncom-
mon, and are a consequence of the rare tumor that produces
either catecholamines or vasoactive intestinal polypeptide
(VIP). Evaluation by MRI can be helpful for determination of
intraspinal extension and for planning resection. Ultimately,
the determination of whether to use surgical, adjuvant, or
neoadjuvant therapies is determined by the particular extent
and origin of the neurogenic tumor.

THYMUS

MYASTHENIA GRAVIS

Myasthenia gravis (MG) is an autoimmune disorder of neu-
romuscular transmission that is characterized by progressive
loss of skeletal muscle strength with sustained activity. An-
tibodies against the acetylcholine receptor (AChR) can be
found in 80% of patients with the clinical syndrome,57,58 and
are presumed to mediate the disease by attenuating signal in-
tensity across the neuromuscular junction and hence the
strength of muscular contractions. Thymomas are found in
approximately 13% of patients presenting with MG and in
21% of those undergoing thymectomy for MG.

Primary medical therapy is with acetylcholinesterase in-
hibitors to increase acetylcholine concentration at the neu-
romuscular junction, and with steroids and cytotoxic drugs
to suppress the anti-AChR immune response. Plasmaphere-
sis can be used for severe disease.59 Although well established
as appropriate therapy, the precise role of thymectomy in the
management of patients with MG is debated between neu-
rologists and surgeons. This controversy is difficult to resolve
because there are no prospective studies comparing medical
therapy alone to medical therapy plus thymectomy, and be-
cause in some patients the disease may stabilize, improve, or
even undergo spontaneous complete remission.

THYMOMA

Thymoma is the most common neoplasm of the anterior me-
diastinum and the most common mediastinal lesion in adults.
It is rare in children. Most thymomas are found incidentally
and are asymptomatic (Fig. 43.4). Most thymomas are well
encapsulated and are clinically benign. However, evidence of
either gross or microscopic capsular invasion portends ma-
lignant behavior and a less favorable prognosis. Metastases
occur late and predominantly through contiguous spread to
pericardium and pleura, although pulmonary metastases are
seen occasionally. The Masaoka system (Table 43.5) is used
most often to stage thymomas because it reflects the prog-
nostic significance of capsular invasion. Treatment for thy-
moma is primarily surgical, with complete resection being
the critical factor in determining long-term survival.60–63 Al-
though no definitive prospective comparisons are available,
review of the available literature supports the use of multi-
modality therapy for advanced-stage thymoma.

Because thymoma tends to be slow growing and tends not
to metastasize hematogenously, surgery also plays an impor-
tant role in the management of patients with unresectable,
metastatic, or recurrent disease. In the setting of unresectable
disease, survival is better for those patients undergoing de-
bulking procedures compared to biopsy alone.60,61,63–65 Rere-
section of recurrent or metastatic disease has also been shown
to improve long-term survival.60,63,66

OTHER THYMIC TUMORS

A variety of rare tumors can arise in the thymus gland. Of-
ten confused with thymomas, thymic carcinomas are distinct
neoplasms with malignant cytological features that are clin-
ically more aggressive than thymomas.67,68 They often pre-
sent with extensive local invasion, and imaging reveals areas
of necrosis, hemorrhage, calcification, or cyst formation.69

There is a high incidence of extrathoracic metastases and the
prognosis is very poor. Chemotherapy and radiation therapy
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TABLE 43.4. Neurogenic Tumors and Their Origin.

Origin Benign Malignant

Nerve sheath Neurilemmoma Malignant schwannoma
(schwannoma) (neurosarcoma)

Neurofibroma
Sympathetic ganglia Ganglioneuroma Ganglioneuroblastoma

Neuroblastoma
Paraganglion system Paraganglioma (pheochromocytoma) Malignant paraganglioma

Chemodectoma Malignant chemodectoma



are of no demonstrable benefit, and treatment is wide exci-
sion if possible. Thymic carcinoid tumors are more common
in men than women and are strongly associated with the 
multiple endocrine neoplasia syndromes.70,71 Carcinoid syn-
drome has not been reported with thymic carcinoids, but they
can produce ACTH and cause Cushing’s syndrome.71 The oc-
treoscan may be helpful in making the diagnosis.70 Treatment
is by complete resection. Adjuvant radiation therapy has been
used to control residual disease, but this is of no proven ben-
efit. Thymolipoma is a very rare anterior mediastinal mass
of mesenchymal origin. It is benign and should be resected to
confirm the diagnosis and to prevent complications from
growth.72 Thymic cyst is a descriptive term that refers to a
variety of lesions which can be of congenital, inflammatory,
or neoplastic origin. Occasionally, thymic cysts are seen fol-
lowing therapeutic responses to medical treatment of germ
cell tumors or thymoma.

GERM CELL TUMORS

Less than 5% of all germ cell tumors are found in the medi-
astinum. They are thought to arise from primordial germ cells
that migrate from the urogenital ridge into the mediastinum
and thymus gland during embryogenesis, and almost all are
found in the anterior compartment. Approximately half of all

mediastinal germ cell tumors are benign (teratomas). The
peak incidence is during the second, third, and fourth decades
of life. Malignant tumors are further classified as either semi-
nomas or nonseminomatous lesions, and are much more com-
mon in men than women.73 The treatment of malignant germ
cell tumors is primarily nonsurgical. Seminomas are very re-
sponsive to chemotherapy and radiotherapy and have a good
prognosis, but NSGCT respond less well and carry a less-
favorable prognosis. Clinical presentation, radiographic ap-
pearance, and serology suggest the diagnosis. Serum AFP and
�-HCG levels should be determined for all young male pa-
tients with anterior mediastinal masses, and if negative, FNA,
open biopsy, or excisional biopsy should be considered.

LYMPHOMA

Primary lymphomas of the mediastinum occur predominantly
in the anterior compartment and are classified as either
Hodgkin’s disease or non-Hodgkin’s lymphoma. Hodgkin’s
disease is a malignant tumor of B-cell origin and refers to a
single disease, whereas the designation of non-Hodgkin’s 
lymphoma refers to a large collection of lymphoblastic 
malignancies. Non-Hodgkin’s lymphomas are further subdi-
vided into indolent and aggressive forms. The incidence of
Hodgkin’s disease has a bimodal age distribution with peak
occurrences between 20 and 30 years of age and over 50 years
of age. In contrast, the incidence of non-Hodgkin’s lym-
phomas increases with age. Hodgkin’s disease is character-
ized by local or contiguous spread and is more likely to in-
volve the mediastinum. Non-Hodgkin’s lymphomas are more
diffuse, tend to be disseminated at the time of diagnosis, and
less commonly involve the mediastinum. Because non-
Hodgkin’s lymphomas are approximately six times more
common than Hodgkin’s disease overall, they account for ap-
proximately two-thirds of all primary mediastinal lym-
phomas despite the greater propensity for Hodgkin’s disease
to involve the mediastinum.55,56,74

Mediastinal lymphomas usually present with symptoms.
Rapidly growing tumors can produce cough, dyspnea, chest
pain, stridor, and superior vena cava syndrome. Systemic

5 5 4 CHAPTER 43

FIGURE 43.4.  Chest X-rays (A) and CT (B) of a 58-year-old man who
presented with a 1-week history of a nonproductive cough. Images re-
vealed an anterior mediastinal mass (arrows) consistent with thy-
moma. FNA confirmed the diagnosis, and the patient received induc-

tion chemotherapy followed by resection. At surgery, the tumor was
confined to the anterior compartment without invasion into adjacent
pleura or pericardium. Pathology revealed a Masaoka stage II epithe-
lial-type thymoma, with microscopic invasion of the tumor capsule.

A B

TABLE 43.5. The Masaoka Staging System for Thymoma.

Stage Definition

I Macroscopically—completely encapsulated
Microscopically—no capsular invasion

II Macroscopic invasion into surrounding fatty tissue or
mediastinal pleura

Microscopic invasion into capsule
III Macroscopic invasion into neighboring organ 

(i.e., pericardium, great vessels, or lung)
IVA Pleural or pericardial dissemination
IVB Lymphogenous or hematogenous metastasis

Source: Masaoka et al. 1981.91



symptoms are also common. Weight loss, fever, and drench-
ing night sweats are included in the staging criteria and are
referred to as “B” symptoms. (The “A” classification indi-
cates an absence of well-defined generalized symptoms.)
Imaging typically demonstrates a large, heterogeneous, and
irregularly shaped anterior mediastinal mass (Fig. 43.5). The
surgeon’s role in managing patients with mediastinal lym-
phoma is primarily to obtain tissue for diagnosis. Tradition-
ally, needle biopsies have provided inadequate material and
tissue architecture with which to distinguish among the var-
ious types of lymphoma. Because subtyping can be critical for
planning therapy, more tissue is often required. If extratho-
racic nodes are not available for biopsy, anterior mediastino-
scopy is typically the procedure of choice (because most of
these tumors are in the anterior and not visceral compart-
ment). Cervical mediastinoscopy is performed if paratracheal
or subcarinal nodes are involved. The need for surgical biop-
sies is declining, however, because the use of immunohisto-
chemistry for cell-surface markers is increasingly able to sub-
type lymphomas from FNA specimens alone.75 Lymphomas
are staged based on the number and location of involved nodal
regions and involvement of extralymphatic organs. Stage I dis-
ease is defined as disease limited to a single nodal region, and
stage II disease involves two or more regions on the same side
of the diaphragm. Disease present on both sides of the di-
aphragm, in the spleen, or in extralymphatic organs is clas-
sified as stage III, and disseminated disease is stage IV.

CONGENITAL CYSTS

True cystic lesions of the mediastinum are considered con-
genital rather than neoplastic abnormalities, and can be di-
vided into four major categories based on location and histo-
logical features of the cyst lining. Foregut cysts are derived
from the primitive foregut structures that give rise to the lung
and proximal digestive tract. They are lined either by respi-
ratory or digestive tract epithelium and are classified as ei-
ther bronchogenic or duplication cysts, respectively. Cysts
lined by normal mesothelium are termed pleuropericardial
cysts, and are usually found at the cardiophrenic angle.

Neurenteric cysts are found in the paravertebral sulcus and
are derived from the meninges or dura. Some mediastinal
cysts do not have a distinctive lining and by default are
lumped into a generic category imaginatively termed “un-
classified.” Cystic hygromas are congenital cystic masses that
present in children and are typically located at the base of the
neck and into the chest. These hygromas are more accurately
termed lymphangiomas and are classified as mesenchymal tu-
mors rather than as congenital cysts of the mediastinum.

Bronchogenic cysts are the most common form of con-
genital mediastinal cyst, constituting as many as 75% of this
category in some series.76 Congenital cysts of the medi-
astinum are typically benign, although an occasional case re-
port suggests the possibility of malignant degeneration.77,78

The incidence of symptoms is highly variable between series,
and may be as low as 30% or as high as 90%.76,79–83 In gen-
eral, symptoms are recognized as more common in the pedi-
atric population.82 Local effects from the size of the lesion
are the most common cause of symptoms, and patients pre-
sent with cough, stridor, dyspnea, or chest discomfort. Larger
cysts may produce dysphagia. Uncommonly, cysts become
infected, either by hematogenous spread or as a consequence
of communication with the airway. Duplication cysts that
are lined with gastric mucosa may ulcerate and bleed. If the
ulcer erodes through the cyst wall, presentation can be with
hemoptysis, hematemesis, hemothorax, or pleural abscess.76

Rapid increase in the size of the cyst from bleeding can lead
to acute onset of mass-effect symptoms.

Definitive diagnosis of mediastinal cysts depends ulti-
mately on histological examination of the cyst lining, but
imaging can provide important and sometimes diagnostic
clues. Although CT is used most often, MRI may be more
helpful because its multiplanar imaging capabilities can fa-
cilitate identification of subtle communications between the
cyst and the airway or pericardium. Endoscopic ultrasound
has been used to diagnose duplication cysts,84 and may be
helpful for planning resection. Duplication cysts lined with
gastric mucosa demonstrate activity with 99Tc scintigraphy.

Definitive treatment of mediastinal cysts is resection.

MESENCHYMAL TUMORS

Because the mediastinum contains a wide variety of tissues
of mesenchymal origin, an extraordinary spectrum of mes-
enchymal tumors have been found there. These tumors oc-
cur in men and women with equal incidence, and approxi-
mately half are malignant. As with other mediastinal lesions,
some are asymptomatic and discovered incidentally, whereas
others may cause symptoms by mass effect or local invasion.
The clinical course and management of mesenchymal tumors
of the mediastinum is similar to that of mesenchymal tumors
elsewhere in the body and is not detailed here.

CASTLEMAN’S DISEASE

Also known as giant lymph node hyperplasia, Castleman’s
disease is a benign disorder of lymphoid proliferation that is
often localized to the mediastinum and tends to occur in
women in their third and fourth decades.85,86 It usually pre-
sents as a solitary mass, but may be multicentric, and has
been associated with HIV infection and Kaposi’s sarcoma.
Castleman’s disease is usually asymptomatic, but it is char-
acterized by progressive enlargement of nodal tissue and can
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FIGURE 43.5.  Anterior mediastinal lymphoma. A 38-year-old man
with a strong family history of lymphoma presented with cervical
spinal cord compression from tumor. Symptoms responded rapidly
to steroids, and CT of the chest revealed an anterior mediastinal mass
(arrow). Anterior mediastinoscopy confirmed the diagnosis of non-
Hodgkin’s lymphoma.



produce compression of mediastinal structures. Although
the lesion is benign, the course of the disease may be fa-
tal.86,87 Resection is the primary mode of therapy, but can
be challenging because of diffuse contiguous nodal involve-
ment and extensive vascularity.88 Radiation therapy has
been recommended for patients with unresectable and mul-
tifocal disease.86
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44

Congenital 
Heart Disease

Carl L. Backer and Constantine Mavroudis

Epidemiology

Congenital heart defects occur in approximately 5 to 8 of every
1000 live births.1 The etiology of these defects is multifactor-
ial in nature with both genetic and environmental influences.
There are some clear associations with chromosomal abnor-
malities, in particular Down syndrome with atrioventricular
canal defects, Turner’s syndrome with coarctation of the aorta,
Noonan syndrome with pulmonary stenosis and atrial septal
defect, and Williams syndrome with supravalvar aortic steno-
sis. If a family has one child with a congenital heart defect, the
risk of having a second child with congenital heart disease is
1.8%.2 The risk of having a child with congenital heart disease
to a parent with congenital heart disease is between 2% and
14%, depending on the specific lesion.3,4

Clinical Presentation and Diagnosis

In general, children with congenital heart defects present in
one of two ways: children with left-to-right shunts present
with congestive heart failure, and children with right-to-left
shunts present with cyanosis (Table 44.1). There are also mild
defects in which the child is clinically asymptomatic but has
a cardiac murmur. The diagnosis is based on the history, phys-
ical examination, chest X-ray, electrocardiogram, echocar-
diogram, and cardiac catheterization.

Patients with a pure left-to-right shunt have increased pul-
monary blood flow and present with symptoms of congestive
heart failure. These symptoms are failure to thrive, recurrent
upper respiratory tract infections, and sweating with feeding.
Signs of heart failure include tachypnea, tachycardia, and he-
patomegaly. These patients have pulmonary hypertension, and
if left untreated they can develop pulmonary vascular ob-
structive disease. With progression of this pulmonary vascular
disease, the pulmonary vascular resistance steadily increases
and the actual amount of left-to-right shunting decreases. Even-
tually a point is reached at which the patient becomes cy-
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anotic and has what is called Eisenmenger syndrome. At this
point, operation to close the intracardiac defect may not help
the patient and may actually prove fatal as the child may de-
velop irreversible right ventricular failure. This complication
can be prevented by early operative repair.

Patients with intracardiac or extracardiac obstructive le-
sions may be asymptomatic or present with signs of conges-
tive heart failure. In particular, patients with coarctation of the
aorta and interrupted aortic arch may present with severe heart
failure and cardiovascular collapse at the time of ductus clo-
sure. In fact, there is a group of lesions in which the patient is
essentially dependent on a ductus arteriosus for either pul-
monary blood flow, systemic blood flow, or mixing of blood
(Table 44.2). Management of these infants has been greatly en-
hanced by the use of prostaglandin E1 (PGE1) therapy.5 PGE1

maintains the patency of the ductus arteriosus, and for these
critically ill infants can provide either the pulmonary blood
flow, systemic blood flow, or mixing that they require for sur-
vival. By stabilizing these patients with pharmacological man-
agement of the ductus, they can undergo complete diagnostic
evaluation and elective therapeutic intervention after resolu-
tion of hypoxia, acidosis, and ventricular failure.

Patients with a congenital cardiac lesion causing cyanosis
can have either a pure right-to-left shunt with decreased pul-
monary blood flow or a complex lesion where there is actu-
ally both increased pulmonary blood flow and cyanosis. The
most common overall cause of cyanotic heart disease is tetral-
ogy of Fallot, but many of these patients do not present un-
til several months of age when they develop progressive hy-
pertrophy of the right ventricular outflow tract.

Surgical Management

Palliation

The two most commonly used palliative procedures are the
systemic-to-pulmonary artery shunts and pulmonary artery



banding. Systemic-to-pulmonary artery shunts provide for in-
creased pulmonary blood flow in patients with a right-to-left
shunt and decreased pulmonary blood flow. Pulmonary artery
banding is used for patients with increased pulmonary blood
flow secondary to a left-to-right shunt.

MODIFIED BLALOCK–TAUSSIG SHUNT

The most commonly used systemic to pulmonary artery
shunt is the modified Blalock–Taussig shunt (Fig. 44.1). Other
shunts that are now essentially of historical interest only are
the Potts,6 Waterston,7 and Cooley8 shunts.

PULMONARY ARTERY BANDING

Pulmonary artery banding was first described for patients
with truncus arteriosus (Fig. 44.2). The goal is to reduce the
pulmonary artery pressure distal to the band to less than half
of the systemic pressure. At the same time the child’s oxy-
gen saturations must be monitored to ensure that they do not
drop excessively. Current indications for pulmonary artery
banding would include multiple ventricular septal defects
(Swiss cheese ventricular septal defect) and patients with ex-
cessive pulmonary blood flow and single ventricle physiology
without evidence of subaortic stenosis.

Left-to-Right Shunt

PATENT DUCTUS ARTERIOSUS

A patent ductus arteriosus is a persistent communication of
the normal fetal connection between the pulmonary artery
and the descending thoracic aorta (Fig. 44.3). In patients with-
out other congenital heart defects, this creates a left-to-right
shunt. In premature infants, it can cause severe congestive
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TABLE 44.1. Presentation and Classification of Congenital Heart Disease.

Congestive Heart Failure
Left-to-Right Shunt Obstructive Lesions
(increased pulmonary blood flow)

Patent ductus arteriosus Aortic stenosis
Atrial septal defect Mitral stenosis
Ventricular septal defect Pulmonic stenosis
Atrioventricular canal Coarctation of the aorta
Truncus arteriosus Interrupted aortic arch
Aortopulmonary window

Cyanosis
Right-to-Left Shunt Complex Lesions
(decreased pulmonary blood flow)

Tetralogy of Fallot Transposition of the great arteries
With intact ventricular septum
With ventricular septal defect

Tricuspid atresia Total anomalous pulmonary venous
connection

Pulmonary atresia Cor triatriatum
With intact ventricular septum
With ventricular septal defect

Hypoplastic left heart syndrome
Miscellaneous

Anomalous origin of the left coronary artery from the pulmonary artery
Corrected transposition of the great arteries
Ebstein’s anomaly
Vascular rings

TABLE 44.2. Ductal-Dependent Lesions.

For pulmonary blood flow
Pulmonary atresia
Tricuspid atresia
Severe tetralogy of Fallot

For systemic blood flow
Hypoplastic left heart syndrome
Interrupted aortic arch
Severe coarctation of the aorta

For mixing of blood
Transposition of the great arteries

FIGURE 44.1. Modified Blalock–Taussig shunt. This shunt is a Gore-
Tex interposition graft between the subclavian artery and the pul-
monary artery. The subclavian artery originates from the innominate
artery and acts as the regulator of the amount of flow into the shunt.
This shunt can be performed through either a thoracotomy incision
or a median sternotomy. The shunt shown is in place in a patient
with tetralogy of Fallot.



FIGURE 44.2.  Pulmonary artery band. Band illustrated is a Teflon-
impregnated Dacron band. The band is placed through either a left
thoracotomy or a median sternotomy incision. It encircles the pul-
monary artery (PA) and is constricted with multiple sutures as il-
lustrated in inset A to progressively restrict flow into the pulmonary
artery. A pressure monitoring catheter is usually inserted in the dis-
tal pulmonary artery during tightening of the band. The band is fixed
to the adventitia of the pulmonary artery (inset B) to prevent distal
migration of the band. AO, aorta; RA, right atrium; RV, right ven-
tricle.

heart failure and respiratory distress syndrome. In older chil-
dren, the patient may be clinically asymptomatic but have a
“machinery-type” murmur. In premature infants the indica-
tion for surgical closure is congestive heart failure causing
respiratory distress. In older children, simply having a ductus
that is audible is an indication for closure. These children are
at risk of subacute bacterial endocarditis, aortic aneurysm,
pulmonary artery aneurysm, and aortic dissection. Operative
ductus closure is usually performed through a left thoracot-
omy. The technique used to close a ductus in premature in-
fants is simple ligation (Fig. 44.3); in older children, we pre-
fer to use the technique of division and oversewing (Fig. 44.3).

This technique ensures complete division of the ductus with-
out the potential for recanalization that can occur in about
3% to 5% of patients that have simple ligation. Transcatheter
coil occlusion has been shown to be as effective and less costly
than surgical closure for small PDAs if silent residual leaks
are not considered clinically significant.9 Our current ap-
proach is to recommend coil occlusion for the smaller duc-
tus and surgical division and oversewing for the large ductus.

ATRIAL SEPTAL DEFECT

An atrial septal defect is a hole in the intraatrial septum that
causes a left-to-right shunt. Repair is usually via pericardial
patch or direct suture closure. The degree of shunting is de-
termined by the size of the atrial septal defect and the right
and left ventricular compliance. Patients with an atrial septal
defect are often asymptomatic, but on physical examination
have a fixed split second heart sound and may have a systolic
murmur of relative (physiological) pulmonary stenosis. The
electrocardiogram will demonstrate right ventricular hyper-
trophy and the chest X-ray cardiomegaly. Any patient who has
an audible murmur and documented atrial septal defect by
echocardiography is a candidate for surgical closure. Patients
with an atrial septal defect are at risk of atrial arrhythmias,
right ventricular dysfunction, pulmonary hypertension, and
congestive heart failure. Without surgical intervention, the
mean age of death in patients with an atrial septal defect is 36
years.10 Atrial septal defects are classified as ostium secundum
(80%), sinus venosus (10%), and ostium primum (10%).

Ostium secundum defects are a simple opening in the
atrial septum. Ostium primum and sinus venosus defects are
more complex. Ostium primum defects are also called partial
atrioventricular canal defects, and these patients also have a
cleft in the mitral valve that must be closed to prevent mitral
insufficiency. Sinus venosus defects have partial anomalous
pulmonary venous drainage of the right superior pulmonary
vein to the superior vena cava. Percutaneous transcatheter
techniques are becoming more and more successful for
small–to moderate–sized ostium secundum defects.

VENTRICULAR SEPTAL DEFECT

A ventricular septal defect is a hole located in the interven-
tricular septum. The degree of left-to-right shunting across
the ventricular septal defect is determined by the size of the
defect and the pulmonary vascular resistance. Defects are cat-
egorized by their location in the interventricular septum (Fig.
44.4). Ventricular septal defects can be further subdivided into
two categories, restrictive and nonrestrictive. Nonrestrictive
ventricular septal defects are the same size as or larger than
the aortic valve annulus. These patients have high pulmonary
artery pressure and present with severe congestive heart fail-
ure. Left untreated, these patients will develop the Eisen-
menger syndrome. These patients should undergo elective
closure of the ventricular septal defect at 3 to 6 months of
age. In patients with a restrictive ventricular septal defect,
the defect is smaller than the aortic valve annulus. Pulmonary
artery pressures are less than systemic. These patients may
be managed medically unless they meet the following surgi-
cal indications: (1) pulmonary to systemic flow ratio greater
than 1.5:1; (2) aortic valve prolapse; (3) aortic valve insuffi-
ciency; (4) prior episode of endocarditis; (5) conal ventricular
septal defect.
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FIGURE 44.3.  Patent ductus arteriosus (PDA), exposed through a
median sternotomy incision. A PDA may also be approached through
a left thoracotomy. The upper inset illustrates a double ligation to
close the ductus. The lower inset shows the ductus divided with the
two stumps oversewn. AO, aorta; PA, pulmonary artery.



ATRIOVENTRICULAR CANAL

Atrioventricular canal or endocardial cushion defects involve
deficiencies of the atrial septum, ventricular septum, and
atrio-ventricular valves. Infants with a complete atrioven-
tricular canal defect usually have severe pulmonary hyper-
tension and present in congestive heart failure. More than
80% of patients with atrioventricular canal defect have tri-
somy 21 (Down syndrome). We recommend intracardiac re-
pair of atrioventricular canal defects at the age of 6 months.

TRUNCUS ARTERIOSUS

Truncus arteriosus is a complex lesion in which a single ar-
terial trunk emanates from the ventricular mass of the heart.
The systemic, coronary, and pulmonary circulations all arise
from this single trunk. Nearly all these children have a large
ventricular septal defect. They have systemic pulmonary
artery pressures and present with severe congestive heart fail-
ure in the first several weeks to months of life. Currently, we
recommend neonatal repair of truncus arteriosus at the time
of diagnosis. The repair involves the use of cardiopulmonary
bypass with hypothermia and cardioplegia, detachment of the
pulmonary artery from the truncus, ventricular septal defect
closure, and placement of a conduit from the right ventricle
to the pulmonary artery (Fig. 44.5); this is commonly called
a Rastelli procedure.

AORTOPULMONARY WINDOW

Aortopulmonary window is a very rare congenital lesion
where there is a communication between the proximal as-
cending aorta and the main pulmonary artery. These babies
have severe pulmonary hypertension and are at high risk for
pulmonary vascular obstructive disease. We recommend
neonatal repair of these patients with a patch placed within
the aorta to separate the blood flow in the great arteries and
baffle the pulmonary artery flow into the right pulmonary
artery. 

Right-to-Left Shunt

TETRALOGY OF FALLOT

Tetralogy of Fallot is the most common cause of cyanotic
heart disease. The four components of tetralogy of Fallot are
ventricular septal defect, pulmonary stenosis, right-ventricu-
lar hypertrophy, and an overriding aorta. These children usu-
ally present with cyanosis within the first several weeks to
months of life. Chest X-ray classically shows decreased pul-
monary vascularity and a “boot-shaped” heart; 30% of these
patients have an aortic arch positioned on the right side. In-
dications for surgery are hypercyanotic or “tet” spells, pro-
gressive polycythemia, or oxygen saturation less than 80% in
room air.

TRICUSPID ATRESIA

Patients born with tricuspid atresia have no development of
the tricuspid valve and as a result no communication between
the right atrium and right ventricle. All the blood that returns
to the right atrium from the inferior and superior vena cava
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FIGURE 44.4.  Ventricular septal defect. A cutaway view of the in-
terventricular septum as it would be seen through a median ster-
notomy with the anterior right ventricle removed. The four main
types of ventricular septal defects are illustrated. Their location
within the interventricular septum gives rise to their name. Most
ventricular septal defects are closed through the right atrium and
through the tricuspid valve. Conal defects are approached through
the pulmonary artery. Most ventricular septal defects are closed with
a Dacron or Gore-Tex patch, which can be anchored either with in-
terrupted pledgeted sutures (as shown) or with running suture tech-
nique. In our experience the interrupted pledgeted suture technique
is associated with a lower incidence of residual ventricular septal de-
fects. RA, right atrium; AO, aorta; PA, pulmonary artery.

FIGURE 44.5.  Rastelli procedure for truncus arteriosus: completed
repair of a patient with truncus arteriosus. The pulmonary artery (PA)
has been detached from the ascending aorta and the resultant open-
ing closed primarily. A homograft conduit has been inserted from the
right ventricle (RV) to the pulmonary artery. Finally, the ventricular
septal defect (VSD) has been closed with a patch. Open curved ar-
rows illustrate the flow of blood from the superior and inferior vena
cava through the tricuspid valve, into the RV, through the conduit,
and into the pulmonary artery. Blood from the left atrium is deflected
by the ventricular septal defect patch from the LV into the ascend-
ing aorta.



must traverse an atrial septal defect to the left atrium and
then pass through the left ventricle and out to the systemic
circulation. Some of these patients have a small ventricular
septal defect that gives rise to a small pulmonary artery. If a
ventricular septal defect is not present, these patients may be
reliant on a patent ductus arteriosus for pulmonary blood
flow. The eventual surgical repair of patients with tricuspid
atresia is a Fontan type of operation. The Fontan operation
separates the systemic and pulmonary circulations in a pa-
tient with one ventricle. Because there is no functioning right
ventricle, the systemic venous return is connected directly to
the pulmonary artery and the single ventricle becomes the
systemic ventricle. Unlike many other pediatric cardiac pro-
cedures, the Fontan operation cannot be performed on
neonates because of their normally high pulmonary vascular
resistance. It is only after about 1 to 2 years of age that the
pulmonary vascular resistance is low enough to allow the
Fontan operation to be performed.

PULMONARY ATRESIA WITH INTACT VENTRICULAR SEPTUM

Pulmonary atresia refers to complete closure of the pul-
monary valve. In many of these patients, the pulmonary valve
leaflets are fused. If there is an intact ventricular septum,
there is no outlet for the blood within the right ventricle. Be-
cause of the small amount of blood flowing into the right ven-
tricle there is usually hypoplasia of the right ventricle. These
patients are dependent on pulmonary blood flow through a
patent ductus arteriosus. Medical management utilizes in-
travenous infusion of PGE, which will keep the ductus open
and medically stabilize the patient. Diagnosis is usually made
by echocardiogram and the precise surgical decision making
is based on a cardiac catheterization, which is used to evalu-
ate the size of the right ventricle and the anatomy of the pul-
monary arteries.

We recommend operation through a median sternotomy
with pulmonary valvotomy on cardiopulmonary bypass and
placement of a modified Blalock–Taussig shunt to provide for
adequate pulmonary blood flow. Following the initial proce-
dure, the patient is observed to see how the right ventricle
grows. The patients that have a very small right ventricle go
on to a Fontan-type procedure. In patients where the right
ventricle remains between 30% to 60% of predicted normal,
the repair involves both atrial septal defect closure and place-
ment of a bidirectional Glenn.11 The bidirectional Glenn de-
compresses the volume load on the right ventricle. Those pa-
tients who have adequate growth of the right ventricle can
undergo atrial septal defect closure and shunt ligation and di-
vision, which is a biventricular repair.

PULMONARY ATRESIA WITH VENTRICULAR SEPTAL DEFECT

These infants have fusion of the pulmonary valve cusps and
a large ventricular septal defect. Although some of these 
patients have a distinct ductus arteriosus filling the pul-
monary arteries, approximately 50% do not have confluent
pulmonary arteries but instead have pulmonary blood flow
originating from multiple aortopulmonary collateral arteries
from the descending thoracic aorta. These babies present with
cyanosis, which may or may not improve after prostaglandin
infusion because of the small size or absence of a ductus ar-
teriosus. In these patients, cardiac catheterization is neces-

sary to define the pulmonary artery anatomy and the origins
of the multiple aortopulmonary collateral arteries. Initial sur-
gical intervention is usually directed at establishing pul-
monary blood flow with either a shunt, right-ventricular out-
flow tract patch, or right ventricular to pulmonary artery
homograft.

Complex Cyanotic Lesions

TRANSPOSITION OF THE GREAT ARTERIES

Transposition of the great arteries is the most common cause
of cyanosis from a cardiac condition in the neonate. Patients
with transposition of the great arteries have two parallel cir-
culations. The aorta and coronary arteries originate from the
right ventricle and the pulmonary artery and ductus arterio-
sus arise from the left ventricle. In one circuit, the oxygenated
blood returning from the lungs flows into the left atrium and
ventricle, is ejected into the pulmonary artery, and recircu-
lates back to the left atrium. In the other circuit the unoxy-
genated blood returning to the right atrium goes into the right
ventricle and is ejected out the aorta to recirculate back to
the right atrium. With these two parallel circulations, infants
with transposition are dependent upon mixing of blood at ei-
ther the atrial, ventricular, or ductal levels for initial survival.

Infants with transposition usually present with cyanosis
in the first 24 h of life. The electrocardiogram shows right-
ventricular hypertrophy; the chest radiograph shows a narrow
superior mediastinum (because of the anteroposterior rela-
tionship of the great vessels), increased pulmonary blood flow,
and a cardiac silhouette (in relation to the diaphragm) that
looks like an egg on its side. The diagnosis is made by two-
dimensional echocardiography. Most patients do not go to car-
diac catheterization unless there is a question of a coronary
artery anomaly, coarctation, or ventricular septal defect that
is not accurately assessed by the echocardiogram. The initial
stabilization of the child with transposition begins with the
administration of PGE1; this maintains patency of the duc-
tus arteriosus and allows mixing of blood at that level. How-
ever, some patients will not have enough mixing with PGE1

infusion and may require an atrial septostomy. This is done
percutaneously with a balloon catheter, either at the bedside
under echo guidance or in the cardiac catheterization labora-
tory under fluoroscopy. The catheter is advanced into the left
atrium, the balloon is inflated, and when the balloon is pulled
back into the right atrium the atrial septum is torn open.12

This procedure allows for mixing of blood at the atrial level.
In the current era most patients with transposition of the
great arteries then undergo a definitive repair, which is an ar-
terial switch operation in the first or second week of life. If
the child presents after approximately 3 to 4 weeks of age,
primary repair is no longer possible because the ventricular
muscle mass will have “thinned out” and is no longer capa-
ble of supporting the systemic circulation that is required af-
ter the arterial switch operation. In these patients, the left
ventricle must be “retrained” to prepare for an arterial switch
by first banding the pulmonary artery.

The arterial switch operation involves “switching” the
great vessels and moving the coronary arteries. This opera-
tion is done with cardiopulmonary bypass, hypothermia, and
cardioplegic arrest of the heart. The ductus arteriosus is li-
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gated and divided. The atrial communication created by sep-
tostomy is closed and the arterial switch operation is per-
formed. The great vessels are transected and “switched,”
anastomosing the aorta to the left ventricular outflow tract
and the main pulmonary artery to the right ventricular out-
flow tract. The coronary arteries are transferred from the right-
ventricular outflow tract to the left-ventricular outflow tract.
When the arterial switch operation is completed, the left ven-
tricle gives rise to the aorta and the coronary arteries and the
right ventricle gives rise to the pulmonary artery.

TOTAL ANOMALOUS PULMONARY VENOUS CONNECTION

In this anomaly, there is no direct communication between
the pulmonary veins and the left atrium. The common pul-
monary vein instead finds a route to the heart via either the
cardinal, umbilical, or systemic venous channels. These pa-
tients require either a large patent foramen ovale or an atrial
septal defect for survival. These babies have equal oxygen sat-
urations in all four cardiac chambers and the great vessels.
They present with cyanosis and congestive heart failure. Chest
X-ray reveals a normal heart size with a “ground-glass”-type
appearance of the lung fields. Echocardiogram reveals right-
ventricular diastolic overload and a free space posterior to the
left atrium. Color Doppler flow can be used to demonstrate
the morphology and flow patterns in the anomalous vein.
Most of these babies are referred for cardiac surgical repair
without a cardiac catheterization. Babies that have stenosis or
obstruction of the venous drainage may present with extreme
cyanosis and hypotension. These patients are surgically re-
paired at the time of diagnosis.

HYPOPLASTIC LEFT HEART SYNDROME

Hypoplastic left heart syndrome is a severe congenital heart
defect in which the child does not have a functioning left ven-
tricle. This syndrome is thought to be caused by premature
closure of the patent foramen ovale in utero. These patients
have aortic valve atresia or severe aortic stenosis with mitral
valve atresia or severe mitral stenosis. There is hypoplasia of
the left ventricle and ascending aorta, and most of these pa-
tients have a coarctation. Because the left ventricle is too small
to support the systemic circulation, they are candidates for ei-
ther cardiac transplantation or preparation for a Fontan oper-
ation later in life. These babies present in the first week of
life with cyanosis, tachypnea, and, when the ductus arterio-
sus closes, cardiovascular collapse. Electrocardiogram shows
severe right-ventricular hypertrophy with diminished left-
ventricular forces. Diagnosis is readily established by two-
dimensional and color Doppler echocardiography; most pa-
tients do not require cardiac catheterization for the diagnosis.

The medical management of a child with hypoplastic left
heart syndrome before operative intervention is quite impor-
tant. The child is placed on prostaglandin E1 as soon as the
diagnosis is made. This medication maintains patency of the
ductus arteriosus and thus provides a route for coronary and
systemic blood flow. It is important to keep the child on very
low or no oxygen support despite low saturation to maintain
the systemic cardiac output.

Until the early 1980s this syndrome was a fatal lesion.
The first successful series of palliative operations were re-
ported by Norwood and colleagues on a group of patients op-
erated on between 1979 and 1981.13 This operation has three

components: (1) an atrial septectomy to provide complete
mixing of blood at the atrial level, (2) an anastomosis with
patch augmentation between the proximal transected main
pulmonary artery and the ascending and descending aorta, and
(3) a modified Blalock–Taussig shunt to provide for pulmonary
blood flow. This operation establishes single-ventricle circu-
lation with pulmonary blood flow maintained through a
shunt. The operative mortality of this procedure was initially
more than 50%. With refinements in technique, the mortal-
ity is now 15% to 20%.

An alternative approach to staged palliation is orthotopic
cardiac transplantation with extensive aortic arch reconstruc-
tion. Unfortunately only 70% to 80% of infants placed on the
waiting list for heart transplants will receive a heart.14

Obstructive Lesions

AORTIC STENOSIS

Congenital aortic stenosis is an obstruction of flow between
the left ventricle and the ascending aorta. There are four con-
genital types of aortic stenosis: supravalvular, valvular, dis-
crete subvalvular, and hypertrophic muscular subaortic steno-
sis. Many of these babies have associated lesions including
coarctation of the aorta, supravalvar mitral ring, and para-
chute mitral valve (Shone’s syndrome).15 The most common
type of aortic stenosis is valvular aortic stenosis secondary to
a bicuspid aortic valve. If the aortic stenosis is severe, these
patients will present in infancy with congestive heart failure
and diminished peripheral pulses. Older children present with
exercise intolerance, angina, and syncope. Diagnosis is ob-
tained by echocardiography.

Recently surgeons have become quite interested in using
the Ross operation, not necessarily as the first operation for
aortic stenosis, but as the second operation when the aortic
stenosis reoccurs after initial aortic valvotomy or balloon
valvuloplasty. The Ross operation involves harvesting the pul-
monary valve from the patient as an autograft, resecting the
aortic valve, and then implanting the pulmonary valve into the
aortic annulus.16 This technique necessitates reimplanting the
coronary arteries into the sinuses of the harvested pulmonary
autograft. To replace the pulmonary valve, a pulmonary valve
homograft is selected and sutured between the right ventricle
and the main pulmonary artery. The Ross operation is now
performed at many centers with a very low mortality.

MITRAL STENOSIS

Congenital mitral stenosis patients often have other con-
genital heart defects such as coarctation of the aorta or ven-
tricular septal defect. Mitral stenosis is divided into four
anatomical types: (1) typical congenital mitral stenosis, (2) hy-
poplastic congenital mitral stenosis, (3) supramitral ring, and
(4) parachute mitral valve. Surgical options include simple
valvotomy, excision of the supravalvular ring, and mitral
valve replacement.

PULMONIC STENOSIS

Pulmonic stenosis is caused by partial fusion of the pul-
monary valve cusps. Depending on the degree of valve fusion,
these children may present with cyanosis in the newborn pe-
riod or may be completely asymptomatic and present later in
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life with a systolic murmur. Isolated pulmonic stenosis is
now being treated successfully in the cardiac catheterization
laboratory with percutaneous transcatheter balloon dilatation
in nearly all cases.17

COARCTATION OF THE AORTA

Coarctation of the aorta is one of the most common obstruc-
tive lesions found in children. It is defined as a hemodynam-
ically significant narrowing of the aorta usually found in the
descending thoracic aorta just distal to the left subclavian
artery. The clinical presentation of the child with coarctation
depends on the severity of stenosis and whether or not the
blood flow to the lower extremities is dependent on the duc-
tus arteriosus. Infants with coarctation who have closure of
a ductus that is supplying blood to the lower extremities will
develop cardiovascular collapse when the ductus closes.
These children present with poor perfusion of the lower ex-
tremities, acidosis, and renal failure. They also may have se-
vere congestive heart failure because the outflow from the
left ventricle is severely obstructed by the coarctation. A chest
radio-graph in this situation shows cardiomegaly with signs
of congestive heart failure.

Older children with a coarctation and even some adults
may be asymptomatic. They are usually found to have hy-
pertension in the upper extremities on routine physical ex-
amination, often for a school exam. On further evaluation,
they are noted to have diminished or absent femoral pulses.
Older patients are at risk for bacterial endocarditis, rupture
of the aorta, hypertension leading to cerebral vascular acci-
dents, and coronary artery disease. For older patients with a
coarctation, the mean age at death is 35 years.18

Neonates that present with coarctation are resuscitated
with a PGE1 infusion that opens the ductus arteriosus and
the coarctation site itself, restoring blood flow to the lower
half of the body. Medical therapy for several days with PGE1

allows time for resolution of acidosis and renal insufficiency.
These children may then be operated on electively in good
physiological condition. Our operative procedure of choice for
these infants is currently resection of the coarctation site and
ductal tissue with extended end-to-end anastomosis. For older
patients with coarctation, we currently recommend Gore-Tex
patch aortoplasty.

INTERRUPTED AORTIC ARCH

Interrupted aortic arch is physiologically similar to severe
coarctation, but in these babies there is complete loss of con-
tinuity between the ascending and descending aorta. The
blood flow to the descending thoracic aorta is through a patent
ductus arteriosus. Most of these patients also have a ventric-
ular septal defect.

These patients present with cardiovascular collapse when
the ductus arteriosus closes. They are acidotic, oliguric, and
in a low perfusion state. Similarly to a severe coarctation,
these patients are medically managed with PGE1 infusion to
open the patent ductus arteriosus. The child is intubated,
placed on mechanical ventilation, and given inotropic sup-
port to improve peripheral perfusion. The diagnosis is made
by echocardiography.

There are two approaches to interrupted aortic arch. The
“two-stage” approach is with an initial palliation with repair
of the arch and pulmonary artery banding followed by a later

procedure to close the ventricular septal defect and remove
the pulmonary artery band. The more preferred approach cur-
rently is to perform primary repair of the ventricular septal
defect and the aortic arch.

Miscellaneous Lesions

ANOMALOUS ORIGIN OF THE LEFT CORONARY

ARTERY FROM THE PULMONARY ARTERY

This anomaly is a very rare, usually isolated, congenital le-
sion. The left coronary artery originates from the pulmonary
artery, creating left coronary artery insufficiency. In these pa-
tients the blood supply to the left coronary artery distribu-
tion is from right coronary artery collaterals. These patients
present with severe congestive heart failure. A chest radio-
graph shows cardiomegaly and the electrocardiogram shows
signs of myocardial ischemia or infarction. Echocardiography
is diagnostic and reveals an enlarged right coronary artery, a
hypokinetic dilated left ventricle, and severe mitral insuffi-
ciency. Patients presenting with a picture such as this are re-
ferred directly for operative repair. The current preferred sur-
gical therapy for anomalous origin of the left coronary artery
from the pulmonary artery is to reimplant the anomalous left
coronary artery into the ascending aorta.19

CORRECTED TRANSPOSITION OF THE GREAT ARTERIES

Corrected transposition of the great arteries is a very unusual
anomaly in which there are two errors in the connections
within the heart. Unlike simple transposition, these patients
have the blood flow of the pulmonary and systemic circula-
tions in series. However, the right ventricle is the systemic
pumping chamber and the left ventricle is the pumping cham-
ber of the pulmonary circulation. Blood flow from the right
atrium goes into a morphological left ventricle from which it
is directed to the pulmonary artery. The left atrial flow re-
turns to a morphological right ventricle from which it flows
out to the aorta. Many of these patients have an associated
ventricular septal defect and pulmonary stenosis. Many of
these patients will develop complete atrioventricular heart
block spontaneously. Surgical options for these patients in-
clude (1) closure of the ventricular septal defect and pul-
monary valvotomy, (2) a Mustard procedure combined with
a Rastelli procedure to make the left ventricle the systemic
pumping chamber and the right ventricle the pulmonary
pumping chamber,20 and (3) a double-switch operation com-
bining a Mustard operation with an arterial switch proce-
dure.21 The latter two operations are more complex than the
first, but make the left ventricle the systemic pumping cham-
ber that is less likely to undergo late deterioration.

EBSTEIN’S ANOMALY

Ebstein’s anomaly is an abnormal formation of the tricuspid
valve in which the tricuspid valve is displaced downward into
the right ventricle. Most of these patients have an associated
atrial septal defect and may have pulmonary stenosis. These
patients can present either with cyanosis at birth or later in
life with congestive heart failure. Approximately 20% of these
patients have an accessory connection that can cause tachy-
cardia. Diagnosis is by echocardiography, but cardiac cathe-
terization may be required to determine precisely the right-
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ventricular size and the anatomy of the pulmonary circulation.
Infants that present with severe cyanosis and cardiomegaly
may require neonatal conversion to a single ventricle-type
physiology. Older patients that present with congestive heart
failure are usually treated by atrial septal defect closure and
tricuspid valvuloplasty.

VASCULAR RINGS

The term vascular ring refers to a group of congenital anom-
alies in which there is a developmental abnormality in the
aortic arch system that causes compression of the trachea and
esophagus. The two true vascular rings are the double aortic
arch and the right aortic arch with left ligamentum and retro-
esophageal left subclavian artery. These patients have a com-
plete ring of blood vessels around the trachea and esophagus.
These children typically present with noisy respirations, a
brassy cough similar to a seal’s bark, cyanosis, apnea, or res-
piratory distress. In older children dysphagia for solid foods
may be noticed. Diagnosis is suggested by the chest radigraph,
which may reveal the location of the aortic arch to be ab-
normal. The best initial diagnostic step is a barium swallow
examination, which will reveal persistent filling defects in
the esophagus if there is a true vascular ring present. Further
definition of the anatomy of the ring if considered necessary
can be obtained with either CT or MRI imaging. Angiogra-
phy is reserved for only those patients who have an associ-
ated congenital cardiac anomaly. For many of these infants
the diagnosis is suggested by bronchoscopic examination,
which is commonly performed in patients with noisy respi-
rations or respiratory distress. Operative repair is recom-
mended for all patients with clinical symptoms and evidence
of a vascular ring. The vascular structures are divided between
vascular clamps with oversewing of the stumps similar to the
technique described for patent ductus arteriosus.22
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Cardiopulmonary Bypass (CPB) and 
Myocardial Preservation

Principles of CPB

The primary purpose of cardiopulmonary bypass is to provide
the cardiac surgeon with a bloodless and motion-free opera-
tive field. This aim is accomplished by temporarily inter-
rupting the function of the heart and lungs by physiologically
substituting a “heart-lung machine” in their place. The “car-
diopulmonary bypass” provided by the heart-lung machine
(bypass circuit) permits complete cessation of cardiopul-
monary activity while allowing the flow of oxygenated blood
and preservation of adequate tissue perfusion and organ func-
tion systemically. Viewed simplistically, cardiopulmonary
bypass is accomplished by pumping blood through an extra-
corporeal circuit, the primary features of which are the al-
lowance of gas and heat exchange.

The circuit by which CPB is provided consists basically
of a set of specialized tubing called cannulae, which are in-
serted into the heart or great vessels to access the circulation,
a reservoir, which collects the blood, an arterial pump, and
an oxygenator, which provides heat and gas exchange (Fig.
45.1). Commonly added to this system are filters, air emboli
safety devices, a myocardial protection system, and a mech-
anism for hemodynamic monitoring.

Because the performance of CPB necessitates blood flow
over a large surface area of artificial materials, a critical fea-
ture of this procedure is the administration of heparin, an an-
ticoagulant that prevents the blood from clotting in the CPB
circuit. Adequate levels of anticoagulation are monitored
throughout CPB, typically utilizing a simple test known as
the activated clotting time (ACT). At the completion of CPB,
the heparin is reversed by the administration of protamine, a
heparin antagonist.
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Strategic Variables in CPB

BLOOD PRESSURE AND FLOW RATES

Because acidosis and lactate production increase in adults
when normothermic flow rates are less than 1.6 l/min/m2 or
50 ml/kg/min, flow rates employed during hypothermia and
normothermia commonly range from approximately 1.5 to
2.5 l/min/m2. Although most centers maintain a minimum
arterial pressure of 50 mmHg, the optimal arterial perfusion
pressure required to maintain nominal tissue perfusion is 
unknown.

HYPOTHERMIA

The utilization of systemic and cardiac hypothermia to de-
crease tissue metabolism and enable lower perfusion rates has
been a critical component of the performance of CPB. It is es-
timated that oxygen consumption decreases about 7% per
each 1°C decrease in temperature. Systemic hypothermia
thus provides a “margin of error” in providing adequate tis-
sue perfusion during CPB.

Most CPB procedures employ moderate hypothermia
(28°–32°C) to allow a decrease in CPB flow rates and enhance
the safety of CPB. Acceptable cooling rates are approximately
1°C per 1 to 2 min. Rewarming at the end of CPB to a tem-
perature of 36°C is accomplished in an analogous fashion at a
rate of 1°C per 3 to 5 min. Temperature gradients during warm-
ing are maintained at no greater than 10°C.

BLOOD GAS MANAGEMENT

Gas exchange is another variable that can be regulated dur-
ing CPB. This is accomplished with a “blender” that controls
the diffusion of ventilatory gases, oxygen and air, into the
blood, and carbon dioxide out of the blood as it passes through



the oxygenator. Blood levels of respiratory gases are typically
maintained close to normal values, with the exception of PO2,
which is maintained in the range of 150 to 300 mmHg.

The CPB Circuit

CANNULAE

The ascending aorta is the most common site for arterial can-
nulation and return of blood from the heart-lung machine to
the systemic circulation. In previous years and in selected
cases today (such as aortic aneurysm surgery), femoral can-
nulation has been commonly used. Venous cannulae, typi-
cally inserted in the right atrium or cavae, provide venous
supply and inflow to the CPB circuit, usually by simple grav-
ity drainage.

OXYGENATOR

The oxygenator is attached to a gas source via a gas blender,
which allows precise titration of both oxygen percentage and
gas flow (and thus blood oxygen and carbon dioxide content,
respectively). A heat exchanger is incorporated into the oxy-
genator and allows warming and cooling of the blood as it
passes through this part of the CPB circuit.

PUMPS

There are a minimum of four pumps on the heart-lung con-
sole; these include the arterial, ventricular vent, cardiotomy
suction, and cardioplegia pumps. These are commonly either
a roller or centrifugal pump. The roller pump is a volume-
displacement pump that provides output in direct relation to
the rotation of the rollers and as a result provides accurate
blood flow.

Cardioplegia

As it is often necessary for the surgeon to operate on a still
and bloodless field, the heart is typically arrested and blood
flow excluded from the heart during the specific portion of
open-heart surgery in which cardiac pathology is corrected
surgically, whether that be the performance of a valve re-
placement or a coronary artery bypass. To thus isolate the
heart from the systemic circulation, an aortic cross-clamp is
placed across the ascending aorta between the heart and the
systemic arterial perfusion cannula (Fig. 45.2).

Myocardial protection is typically provided by adminis-
tration of a cold solution that chemically arrests the heart
(cardioplegia), which is injected into the coronary circulation
immediately following aortic cross-clamping. Ideally, cardio-
plegia causes an immediate but reversible myocardial arrest
that minimizes expenditure of myocardial energy reserves
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FIGURE 45.1.  Schematic representation of the critical components
of a cardiopulmonary bypass circuit. (After Callaghan JC, Wartak J.
Open Heart Surgery: Theory and Practice. New York: Praeger Press,
1986, with permission.)

FIGURE 45.2.  Typical configuration for antegrade cardioplegia de-
livery via catheter in aortic root proximal to systemic cannula and
aortic cross-clamp, and retrograde cardioplegia delivery via a coro-
nary sinus catheter. (Reproduced with permission from Partington
MT, et al. Studies of retrograde cardioplegia. I. J Thorac Cardiovasc
Surg 1989;97:613.)



once normal coronary blood flow has been halted by the aor-
tic cross-clamp. After removal of the aortic cross-clamp, the
cardioplegic solution is washed out with warm systemic
blood, and cardiac rhythm and function return. Cardioplegia
may be administered in an antegrade fashion into either the
aortic root or directly into the coronary ostia, or in a retro-
grade fashion into the coronary sinus.

Although there are many different cardioplegia formula-
tions, potassium is the common ingredient. Cardiac asystole
induced by potassium cardioplegia alone reduces myocardial
oxygen utilization by 90%. Other ingredients added to car-
dioplegia solution to help improve myocardial protection may
include (1) buffers, such as sodium bicarbonate or trometh-
amine, a buffer (THAM); (2) respiratory substrates such as oxy-
gen, glucose, and Krebs cycle intermediates such as glutamate
or aspartate; (3) coronary vasodilators such as nitroglycerin;
and (4) membrane stabilizers such as steroids, magnesium, cal-
cium channel blockers, or O2 radical scavengers.

Conduct of CPB

After incision has been made and appropriate exposure ob-
tained, sufficient heparin is administered (usually 3–4 mg/kg)
to produce an activated clotting time of at least 400 to 450 s.
The ascending aorta is cannulated. Venous return is obtained
from a cannula inserted into the right atrium or, for mitral
valve or right heart surgery, two cannulae each inserted into
one of the venae cavae, with total venous bypass provided by
caval snares. Drainage by gravity from the venous cannulae
goes into a venous reservoir chamber. The blood passes
through the oxygenator, undergoes gas and heat exchange, as
appropriate, and is finally pumped back into the body, usually
with a Debakey-type roller pump or Bio-Medicus centrifugal
pump (see Fig. 45.1).

Once CPB is established and all other appropriate prepa-
rations made as needed for the specific surgical procedures,
the heart is arrested by cross-clamping the ascending aorta
and injecting about 10 to 15 ml/kg of a cold potassium car-
dioplegic solution (potassium concentration, 30–35 mEq/l) at
4° to 6°C into the aortic root. Myocardial temperatures are
usually maintained at 10° to 20°C, with reinjections of cold
cardioplegic solution about every 20 min as protection dur-
ing the ischemic cross-clamp period. After completion of the
cardiac intervention, the cross-clamp is removed, the heart is
allowed to resume a normal rhythm, and, after full rewarm-
ing, CPB is discontinued and the cannulae removed.

Complications Associated with CPB

Catastrophic complications potentially associated with CPB
include protamine reactions, oxygenator failures, line dis-
ruptions, air embolism, and blood reactions, among other
events.

Metabolic derangements associated with CPB affect
nearly every aspect of biochemical homeostasis, and include
perturbations in the coagulation and fibrinolytic cascades, im-
munosuppression, upregulation of stress hormones such as
epinephrine and the adrenocorticoids, and activation of leuko-
cytes and inflammatory mediators such as complement and
the interleukins. Anemia, thrombocytopenia, and depletion
of clotting factors can lead to immediate or delayed risks of

bleeding and cardiac tamponade. Hyperthermia and leukocy-
tosis are also common following CPB and are thus not use-
ful as guides to infection.

Hypothermia and a metabolic acidosis, in part resulting
from the washout of regions that were poorly perfused dur-
ing hypothermia, are commonly seen for the first several
hours post-CPB. Sodium and water retention normally seen
in surgical patients is exacerbated by the metabolic derange-
ments associated with CPB, and a 5% increase in weight can
be expected postbypass. Physiological diuresis is usually as-
sisted by the administration of exogenous diuretic agents.

One of the most prevalent side effects of CPB is pul-
monary dysfunction, which is most severe through the first
3 days after operation but which may persist for 7 to 10 days.
Therapy consists of diuresis, pulmonary toilet, and ventila-
tory support until appropriate extubation parameters are met.

Moderate to severe renal dysfunction can occur in 7% of
patients, with transient azotemia in an additional 20% of pa-
tients.1 Preoperative LV function and renal function, age, du-
ration of CPB, and postoperative LV function are significant
risk factors. Maintenance of a brisk urine output in the peri-
operative period with the use of diuretics may help prevent
acute tubular necrosis.

The development of transient deterioration in intellectual
ability or other neurological dysfunction has been reported to
occur in 7% to 25% of patients undergoing CPB, with a
smaller incidence of permanent or fixed local defects.2 The
risk of neurological dysfunction appears to be related to age,
preexistent neurological dysfunction, and total cardiopul-
monary bypass time. Asymptomatic carotid bruits do not ap-
pear to impose an additional risk of neurological events in
the absence of hemodynamically significant carotid stenoses.

Jaundice, acalculous cholecystitis, pancreatitis, gastroin-
testinal bleeding, peptic ulcer disease, intestinal ischemia, and
other acute abdominal complications can also occur with in-
creased frequency following CPB compared to other surgical
procedures, occurring in almost 1% of patients after open-heart
surgery.3 The pathophysiology of these complications may in
part be related to poor organ perfusion during nonpulsatile car-
diopulmonary bypass, or the occurrence of atheromatous em-
bolization. Treatment is specific to the given complication.

Coronary Artery Disease

The surgical treatment of coronary artery disease (CAD) rep-
resents one of the greatest and most far reaching accom-
plishments in the recent history of medical therapy. The ad-
vent of coronary artery bypass grafting (CABG) as an operation
performed more than 300,000 times annually in the United
States has had an immeasurable impact on patient well-
being and health care today.

Coronary Anatomy and Physiology

The coronary vasculature typically consists of three major ar-
teries, found on or just below the epicardial surface of the
heart, that give rise to several major branches, all of which
also typically lie in an epicardial or subepicardial position be-
fore dividing into numerous intramyocardial branches. The
right coronary artery and left (main) coronary artery are the
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two first branches of the aorta and arise from ostia that are
found within the corresponding sinuses of Valsalva, gentle di-
latations of the aorta just above the aortic valve, the config-
urations of which are thought to enhance flow into these 
ostia.

The branching patterns of both the primary coronary ar-
teries are highly variable. The right coronary artery (RCA),
coursing in the right atrioventricular groove, frequently gives
off an infundibular branch, which may anastamose with the
left anterior descending (LAD) arising from the left main coro-
nary artery; a sinoatrial branch, which supplies the sinus
node; and one or several acute marginal branches supplying
the right ventricle. The majority of individuals exhibit a
“right-dominant” pattern. In this configuration, the RCA con-
tinues beyond the crux of the heart (the juncture of the AV
and interventricular grooves) in the posterior interventricular
groove as the posterior descending artery (PDA). The PDA
sends septal perforators into the interventricular septum that
anastamose with corresponding branches of the LAD. Alter-
natively, a minority of patients exhibit a “left dominant” sys-
tem (Fig. 45.3), in which branches of the circumflex artery
from the left main reach the crux, while the remainder of pa-
tients demonstrate a “co-dominant” pattern in which both
the RCA and left circumflex supply the crux.

The left coronary artery courses posterior to the pul-
monary artery from its origin in the aorta for approximately
1 cm as the left main coronary artery before it divides into a
LAD branch and a circumflex (CX) branch, which travel in
the anterior interventricular groove and the left atrioventric-
ular groove, respectively. The LAD continues down to the
apex of the heart, where it may anastamose with the distal
PDA, and contributes a series of septal perforating vessels,
which anastamose with perforators from the PDA. Diagonal
branches from the LAD course obliquely toward the left (ob-
tuse) margin of the heart and supply the anterior left ventri-
cle; obtuse marginal branches correspondingly arise from the
circumflex and supply the posterior left ventricle.

The venous drainage of the heart feeds into a system of

epicardial vessels that predominantly run along with the cor-
responding coronary artery. These coronary veins drain pri-
marily into the great cardiac vein, and ultimately into the
coronary sinus, which empties into the right atrium. The
thebesian veins represent an alternative deep venous drainage
system that empties directly into the cardiac chambers, pre-
dominantly the right ventricle.

PHYSIOLOGY OF CORONARY BLOOD FLOW

Because intramyocardial pressures are greatest during systolic
contraction and because the coronary ostia are somewhat ob-
structed by the opening of the aortic valve leaflets during this
interval, pressure gradients favor a unique pattern of intracoro-
nary blood flow that occurs primarily during diastole. Myocar-
dial perfusion is also characterized by a flow gradient during sys-
tole such that perfusion of the subendocardium actually ceases
during this interval because wall tension is greatest in this area.
Conversely, diastolic blood flow is greatest to the subendo-
cardium, thereby equalizing blood flow across the myocardium.

It has been estimated that the heart consumes 4% of to-
tal body oxygen consumption, while making up only 0.2% of
total body weight.4 Myocardial oxygen extraction ratios may
therefore typically be as high as 70% at rest and up to 80%
with exercise, and coronary sinus (myocardial venous) satu-
ration levels are consequently the lowest of any organ.

Because of the extent of oxygen extraction at rest, it is ob-
vious that little reserve is available during periods of peak in-
creased myocardial oxygen demand to enhance myocardial
oxygen delivery by way of increased oxygen extraction. The
heart is therefore dependent on increased blood flow to meet
this demand. This increased coronary blood flow is provided
in part by an overall increase in systemic cardiac output, but
is also provided dramatically by biochemical regulation of
coronary vascular resistance.

Biochemical mediators generated by myocardial hypoxia
and ischemia that induce coronary vasodilation include nitric
oxide, hydrogen and potassium ions, carbon dioxide, and adeno-
sine. Other locally produced hormonal products that are also
involved in coronary vasoregulation include bradykinin, epi-
nephrine, norepinephrine, and prostaglandins, among other
substances. In the event that an adequate increase in perfu-
sion is not provided by these mechanisms, the heart can also
meet energy demands by adapting into an anaerobic glycolytic
metabolic pathway that produces less ATP but requires less
oxygen than oxidative catabolism. This anaerobic pathway
generates lactate, which can be measured in increased quan-
tities in the coronary sinus during ischemic intervals.

Pathogenesis of CAD

Atherosclerosis remains the leading cause of coronary artery
disease and the leading cause of death in the Western
world.4–7 Coronary vasospasm, caused by idiopathic pro-
cesses or by the intake of vasoreactive substances such as co-
caine, is the most common of several other, far less preva-
lent causes of myocardial ischemia. Congenital anomalies in
coronary anatomy, such as origin of the left coronary system
from the right ostia or the pulmonary artery, represent other
causes of myocardial ischemia. As opposed to atherosclero-
sis, these other processes uncommonly lead to myocardial
infarction.
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FIGURE 45.3.  Lateral view of the left coronary artery system in a
left-dominant configuration. Note the major divisions of the left main
artery: the left anterior descending (LAD) and the circumflex (CX).
In this left-dominant anatomy, the circumflex contributes the pos-
terior descending artery. (Reproduced with permission.)



The pathophysiology of atherosclerotic coronary artery
disease is related to the obstruction of the coronary artery lu-
men by an atheromatous plaque enlarging from within the
coronary arterial wall.4,6,7 Atheromatous lesions typically de-
velop gradually over decades, beginning in the early years of
life, where they may be represented by a simple fatty streak.
A more advanced, subintimal atheromatous plaque is typi-
cally comprised of a central lipid core covered by a fibrous
cap. The mature lesion is characteristically a complex mass
of cholesterol and cholesterol esters, extracellular matrix
components and smooth muscle cells, inflammatory cells
such as macrophages, and fibroblasts that have proliferated
or been recruited by biochemical perturbations in the vessel
wall. The nature of the lesion can change abruptly if in-
traplaque hemorrhage and plaque rupture occurs, causing
acute vessel closure.8

Atherosclerotic lesions typically develop in the proximal
one-third to one-half of the epicardial vasculature, but may
be found more distally at branch points or in the RCA sys-
tem. Fortuitously, the anatomical localization of CAD to the
proximal coronary vasculature typically allows reconstruc-
tion by interventional therapies (such as angioplasty and coro-
nary artery bypass) into relatively normal distal vasculature.
In contrast, the coronary arteries of diabetic or other patients
with advanced disease may be extensively diseased and fri-
able or calcified and inelastic throughout and may not be
amenable to conventional therapies.

RISK FACTORS

A large number of risk factors for coronary disease have been
identified, the most important of which are hypercholes-
terolemia, hypertension, smoking, and family history. Re-
duction of these risk factors, by such measures as diet, weight
loss, blood pressure control, cessation of tobacco use, and
lifestyle modulation, have most likely contributed signifi-
cantly to the decreased incidence of fatalities from CAD dur-
ing the past two decades.

Pathophysiology and Clinical Presentation of CAD

ANGINA PECTORIS

Myocardial ischemia typically occurs only with coronary
artery obstruction equivalent to at least a 50% reduction of
the diameter (equal to 75% reduction of the cross-sectional
area) of the arterial lumen. Angina pectoris may present with
classical symptoms, crushing substernal pressure that radi-
ates to the left arm, or as “anginal equivalents,” such as throat
pain, shortness of breath, or other atypical symptoms, and is
typically precipitated by events such as exercise, eating, or
stress that increase cardiac activity and thus myocardial oxy-
gen demand. Angina can typically be relieved by cessation of
the stress event or with nitroglycerin, a vasodilator that in-
creases coronary blood flow and decrease wall stress, although
other conditions such as esophageal spasm may also respond
favorably to nitroglycerin.

Severe coronary artery stenoses that greatly compromise
flow through the coronary lumen may result in unstable
angina, which is defined as angina that occurs with a recent
(2-month) trend of increasing frequency or severity, or rest
(preinfarction) angina, which occurs without provocation. Al-

ternatively, Prinzmetal or atypical angina may also occur at
rest, but as a result of coronary spasm.9 Coronary vasospasm
typically occurs at or near a site of a fixed atherosclerotic le-
sion, and may occur as a result of plaque ulceration or throm-
bosis, or as a result of smooth muscle cell spasm caused by
local production of serotonin, thromboxane, or other vasoac-
tive substances.

Some patients, typically those with diabetes mellitus, may
conversely experience silent ischemia without symptomotol-
ogy. These patients may be at an increased risk for a cata-
strophic cardiac event because of the lack of an “early warn-
ing system” of angina that allows the halting of provocative
stress events and thus the limitation of myocardial ischemia.

Electrocardiographic (ECG) confirmation of myocardial is-
chemia is essential in confirming that chest pain or related
symptomotology in fact represents a myocardial ischemic
event. Typical ECG changes consistent with ischemia include
ST-segment depression or T-wave inversion. Diagnostic man-
agement of the stable patient presenting with angina may in-
clude assessment of myocardial flow reserves by one of sev-
eral provocative tests that induce ischemia by increasing
myocardial oxygen demand (Fig. 45.4). Abnormal responses
to these screening tests, or a presentation of rest or unstable
angina, most likely should result in the performance of coro-
nary angiography that will permit the exact identification of
coronary pathology. A presentation of rest or unstable angina
will also most likely necessitate interventional therapy, as
discussed next.

MYOCARDIAL INFARCTION (MI)

While ischemia can usually be viewed as a graded result of
gradual lumen encroachment by a progressively enlarging
atheromatous plaque, myocardial infarction typically results
from total or near-total occlusion of an epicardial coronary
artery by plaque rupture or intraluminal thrombosis.8 Cho-
lesterol emboli may cause downstream occlusions as well.

Although myocardial contractility is severely diminished
within a few minutes of the cessation of blood flow, subse-
quent myocardial injury is fully reversible for up to 20 min
following the onset of ischemia. After about 1 h of profound
ischemia, isolated myocyte necrosis progresses to confluent
subendocardial necrosis, which then spreads toward the
subepicardium. Transmural infarction characteristically en-
sues after 6 h of coronary occlusion.

An acute coronary occlusion that results in transmural
infarction in the region supplied by the occluded vessel is typ-
ically diagnosed in the setting of protracted angina or associ-
ated symptoms such as nausea, diaphoresis or shortness of
breath, and appropriate ECG changes. Development of ST el-
evation and subsequent ST normalization, T-wave inversion,
and, importantly, Q waves, can be anticipated in the ECG
leads corresponding to the site of a transmural infarction. In
contrast, a subendocardial infarction is typically caused by
episodes of perfusion–demand mismatch in a territory sup-
plied by a subtotally occluded or partially collateralized ves-
sel, and is characterized by ST depression, T-wave inversion,
and the absence of a Q wave.

Laboratory confirmation of MI is made by demonstration
of a rise in serum markers of myocardial injury, most notably
creatinine phosphokinase (CPK) in association with a promi-
nent myocardial (MB) fraction. CPK-MB fractions typically
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rise within a few hours after MI and peak 8 to 24 h later. In-
creases in lactate dehydrogenase (LDH) typically peak over
the succeeding 48 to 72 h. Recently, the use of blood troponin
assays has been espoused as a more rapid and accurate means
of diagnosing MI.10

Sudden cardiac death due to ventricular arrhythmias will
occur immediately or within the first 24 to 48 h after MI in
20% of patients. This complication can usually be treated or
prevented with acute antiarrhythmic medications, and the risk
of this complication characteristically resolves within 48 h.

ISCHEMIC CARDIOMYOPATHY

The combination of a series of small infarcts alone or in com-
bination with one or several larger MIs may lead to progres-
sive loss of viable myocytes and degeneration of ventricular
contractility. Alternatively, myocytes that are viable but non-
functioning or “hibernating” due to inadequate blood supply
may also contribute to LV dysfunction.11 The development of
heart failure in this setting has been termed ischemic car-
diomyopathy. Heart failure may be characterized by fatigue
and/or shortness of breath with exertion or even at rest, caused
by, respectively, diminished cardiac output (forward failure)
and increased left ventricular end diastolic pressure (LVEDP),
which is transmitted back into the pulmonary circulation and
results in pulmonary congestion (backward failure).

Medical Treatment of CAD

The improvement of coronary blood flow and the decrease of
myocardial oxygen demands are the cornerstones of medical
therapy for CAD. Efficacy of medical therapy can usually be
judged on the basis of relief of angina. The three major drug
groups used to treat myocardial ischemia are the nitrates which
cause vascular smooth muscle cell relaxation and dilitation,
beta blockers which decrease heart rate and contractility, and
calcium channel blockers which cause arterial vasodilation, as
well as the anticholesterol medications used to limit, halt, or
reverse the progression of atherosclerotic plaques.

Progression from an ischemic pattern to an infarction
event typically signifies acute coronary thrombosis and is
treated by prompt administration of a thrombolytic agent
such as urokinase, streptokinase, or tissue plasminogen acti-
vator (TPA), with or without heparin. A number of studies
have demonstrated that these agents dramatically decrease
the mortality associated with acute MI12–16 if given within 
6 h of the onset of symptoms. Contraindications to throm-
bolytic therapy include anemia, recent surgery or bleeding
diatheses, such as peptic ulcer disease, or a recent cere-
brovascular accident (CVA).

Percutaneous transluminal coronary angioplasty (PTCA),
whereby the atherosclerotic coronary plaque can be dilated by
a balloon catheter placed over a guidewire under fluoroscopic
guidance via a peripheral artery, together with the more recent
introduction of coronary stent technology and sophisticated
poststent antiplatelet therapy, represent critically important
tools in the treatment of CAD.17–21 Recent studies in fact sug-
gest better outcomes in patients with acute MI with this in-
terventional therapy than with thrombolytic therapy.22,23

Surgical Treatment of CAD

INDICATIONS FOR CABG VERSUS PTCA

Three major trials comparing coronary artery bypass graft
(CABG) to medical therapy for CAD were conducted in the
1970s during the early days of coronary surgery: the Coronary
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FIGURE 45.4.  Typical algorithms for workup of patients with (A)
stable ischemia pattern, or (B) following acute myocardial infarction.
(Reproduced with permission from Cohn LH, et al. Decision Making
in Cardiothoracic Surgery. Toronto: BC Decker, 1987.)
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Artery Surgery Study (CASS), the VA study, and the European
study24–29 (Table 45.1). These studies represent the corner-
stone of the accepted indications for CABG to this day, de-
spite the fact that the relevance of these studies has been lim-
ited by the subsequent evolution of surgical techniques,
including the increased use of the internal mammary artery
(IMA) as a bypass graft, the decreased operative mortality rates
characteristic of current CABG surgery, and limitations in the
designs of these studies, including high crossover rates,
nonuniformity of data collection, and inclusion–exclusion cri-
teria that do not reflect current indications.

Significant coronary obstruction was generally defined in
these studies as at least a 50% narrowing in luminal diame-
ter on coronary angiography, and extent of disease was defined
as “single, double or triple vessel disease” based upon the
number of major coronary artery territories (LAD, CX, or RCA)
involved. Based upon long-term survival rates for CABG ver-
sus medical therapy in these studies, coronary bypass surgery
became indicated for patients with more than 50% narrowing
of the left main coronary artery, patients with triple-vessel dis-
ease and evidence of left-ventricular dysfunction, or patients
with angina and double-vessel disease including the proximal
LAD (Table 45.2). In contrast, no survival benefit was con-
ferred by CABG in patients with lesser degrees of single- or
double-vessel disease, and medical treatment or interventional
therapy (PTCA/stent) has become indicated for these cases.

PTCA with stenting, as appropriate, can be expected to be

initially successful in more than 90% of appropriately selected
patients with a 1-3% complication rate.19–21,30 Contraindica-
tions to PTCA/stenting generally include left main disease and
complex or calcified lesions, especially those that occur at
branch points.

The Duke study of PTCA versus CABG summarized the
field as follows31: (1) increasing extent of CAD decreases sur-
vival whatever the intervention, although to a greater extent
with medical therapy compared with CABG; (2) the greatest
differences in survival between groups are found in patients
with the greatest extent of disease; (3) CABG improves sur-
vival compared with medical therapy in patients with at least
95% stenosis of the LAD, and survival increases with in-
creasing severity of CAD; (4) CABG improves survival com-
pared to PTCA in patients with at least “double-vessel” dis-
ease with 95% stenosis of the proximal LAD.

OPERATIVE PROCEDURE

PREOPERATIVE MANAGEMENT

Aside from the preoperative considerations common to any
surgical procedure, obligatory preoperative assessments for
CABG include an examination of coronary anatomy in terms
of the severity of the stenoses and suitability of the distal ves-
sels for bypass, determination of left-ventricular ejection frac-
tion, and presence or absence of valvular heart disease. This
information can be gathered from the cardiac catheterization,
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TABLE 45.1.

The Coronary Artery Bypass Trials.

Number of Years of Operative
Five-year survival a

Study patients enrollment mortality (%) Medical Surgical

VA Cooperative26 686 1972–1974 5.8 64b 80b

European 768 1973–1976 3.3 82 94
Cooperative
Surgical Study27–29

Coronary Artery 780 1974–1979 1.4 74 92
Surgery Study (CASS)24

aFor patients with LVEF � 50%, triple-vessel disease, Class III–IV.
b30-month survival for patients with left main disease.

Source: Modified from Cohn LH. Coronary artery disease and the indications for coronary revascularization. In: Baue
AE, Geha AS, Hammond, et al., eds, Glenn’s Thoracic and Cardiovascular Surgery, Fifth Edition, New York: 
McGraw-Hill Companies, 1991.

TABLE 45.2. Indications for Coronary Artery Bypass Graft (CABG).

Anatomical/physiological indications
Left main stenosis �50%
Three-vessel disease with impaired LV function
Three-vessel disease with normal LV function but with inducible ischemia on physiological testing
Two-vessel disease including proximal LAD
Cardiogenic shock with appropriate angiographic indications
Positive physiological studies or significant coronary stenosis before major cardiac or noncardiac surgery
Congenital coronary anomalies associated with sudden death

Clinical indications
Unstable or Class III–IV angina refractory to medical therapy (including PTCA/stenting)
Postinfarction angina with appropriate angiographic indications
Failed PTCA with acute ischemia/hemodynamic instability
Acute myocardial infarction �6 h with thrombolytic/PTCA therapy contraindicated

Source: Modified from Bojar RM. Adult Cardiac Surgery. Blackwell Science, Inc.: Boston, 1992, with permission.



FIGURE 45.5.  Depiction of typical arrangement of bypass grafts in
patient undergoing coronary artery bypass surgery, including left in-
ternal mammary artery to the left anterior descending and saphenous
vein grafts. (Reproduced with permission from Greenfield LO, et al.
Surgery, Second Edition. Philadelphia: Lippincott-Raven, 1997.)

with the addition of echocardiography, if needed. Additional
useful information in terms of the presence of a calcified or ex-
tensively atherosclerotic aorta can be obtained from chest 
X-ray (CXR), cath, or transesophageal echo, and may influence
operative risk and the approach to cannulation and clamping
of the aorta.

The severity of the coronary stenoses alerts the surgical
team as to the risk of hemodynamic instability or arrhythmias
during induction; the ejection fraction similarly determines the
likelihood of a difficult postbypass course and the potential
need for pharmacological or mechanical ventricular support.
To help enhance perioperative hemodynamic stability, cardiac
medications, including any prescribed antiplatelet agents, are
usually continued up to the time of surgery.

The nature of the coronary disease including the extent
of distal disease may suggest the need for additional length
of conduit and specify the quality and type of conduit needed;
for example, an IMA is more likely than a poor-quality saphe-
nous vein to remain patent when grafted to a small, diffusely
diseased LAD.

Determination of the presence of a symptomatic bruit or
symptoms of carotid disease is a critical component of the pre-
operative evaluation. Such findings generally indicate the need
for Doppler ultrasound to evaluate the carotid and cerebral vas-
culature and will possibly warrant carotid surgery in the pres-
ence of severe stenoses or symptomatology. With moderate dis-
ease, higher on-bypass perfusion pressures may be indicated.32

Finally, as with any open-heart procedure, bleeding para-
meters and potential for coagulopathy should be assessed be-
cause of the need for intraoperative heparinization and the
coagulopathy sometimes associated with CPB. Patients with
significant respiratory compromise should be considered for
preoperative pulmonary care, cigarette smoking should be dis-
continued if possible, and attention should be directed toward
improving the nutritional status of the patient.

STANDARD OPERATIVE TECHNIQUE

Routine hemodynamic monitoring usually includes the use
of an arterial pressure measuring line, a pulmonary artery
(Swan–Ganz) catheter (a central venous line can be substi-
tuted in low-risk patients), and a urinary bladder catheter. Ad-
equate oxygenation and maintenance of a stable blood pres-
sure, avoiding hypotension or hypertension, are critical to
avoiding ischemia during the initial anesthetic induction pe-
riod. Nitrates and/or beta blockers may be useful in this set-
ting. Rarely, in the high-risk patient, such as those with a se-
vere left main obstruction or with severely compromised
ventricular function, an intraaortic balloon pump (IABP) may
be placed to provide cardiac support.

With a standard approach, the heart is exposed through a
median sternotomy, followed by systemic heparinization and
aortic and atrial cannulation, as described previously. Con-
duit for performing the bypass is harvested simultaneously to
the initial stages of accessing the heart, and may include
preparing one or both internal mammary arteries, saphenous
vein, or radial arteries. Alternative, lesser utilized conduits
include lesser saphenous vein, cephalic vein, gastroepiploic
artery, inferior epigastric artery, or cadaveric vein, although
the use of these latter conduits is usually limited by poor pa-
tency or technical difficulties with use. The use of the radial
artery has also recently been popularized.

CPB is initiated once appropriate conduit is harvested. Once

bypass has been initiated, the surgeon usually identifies and
marks the coronary arteries selected for grafting from preop-
erative angiographic studies. To institute cardiac arrest, the
aorta is cross-clamped and approximately 10 to 15 ml/kg of
a cardioplegic solution is delivered via the aortic cardioplegia
catheter, sometimes with supplemental retrograde cardiople-
gia delivered via a coronary sinus catheter. This step is usu-
ally supplemented by topical cooling and systemic hypother-
mia to 28° to 32°C.

Once the heart is arrested, distal anastamoses are typically
performed by making a linear arteriotomy approximately 6 mm
in length in the appropriate coronary artery (Fig. 45.5). Occa-
sionally, distal coronary artery disease is so diffuse or severe
that an endarterectomy is performed, in which the athero-
sclerotic core of the coronary is excised. Graft occlusion or
vessel restenosis appears to be more common with this tech-
nique compared with standard grafting, and coronary en-
darterectomy is therefore not routinely performed.

The heart is allowed to rewarm with cross-clamp removal
once the distal anastamoses are completed. Once the proximal
anastamoses are completed and hemostasis verified, the pa-
tient is then weaned from CPB, heparin is reversed with pro-
tamine, and the cannulae are removed. Temporary epicardial
atrial and ventricular pacing wires are placed, and the sternum
reapproximated with stainless steel wires.

OFF PUMP CORONARY ARTERY BYPASS (OPCAB)
In performing an OPCAB or “beating heart” procedure, either
through a partial or complete median sternotomy or through
a mini-thoracotomy, anastamoses on the coronary arteries are
performed utilizing one of several available types of stabiliz-
ing devices with occlusive coronary snares or an intracoronary
shunt placed to limit blood flow into the area of the anasta-
mosis. The LAD and diagonal coronary arteries are most eas-
ily approached with the OPCAB technique. The heart lung
machine is not used with OPCAB and cardiopulmonary func-
tion is maintained throughout the procedure. Approximately
20% of coronary bypass procedures in the United States are
today permormed “off-pump.”
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“HEARTPORT”
The “Heartport” technique approaches the heart through a lim-
ited anterior thoracotomy and utilizes femoral arterial and ve-
nous or other direct access cannulae, with the use of an in-
traaortic balloon occluder to deliver cardioplegia and arrest the
heart. Long-term results are still awaited, but patency results
appear to be similar to standard technique.33

REOPERATIONS

Compared to first-time cardiac procedures, reoperations pose
a number of technical challenges that include avoiding myo-
cardial injury when redividing the sternum and dissecting
through scar tissue, provision of adequate myocardial preser-
vation despite the presence of diffuse atherosclerotic disease,
and finding appropriate target vessels in the absence of ap-
propriate landmarks and surface features. These risks result
in an approximate threefold increase in mortality for re-
operations compared to previous procedures.

POSTOPERATIVE CARE

One of the primary focuses of the postoperative care of any pa-
tient undergoing open-heart surgery must be the maintenance
of a cardiac output sufficient to provide adequate systemic per-
fusion. To facilitate this care, the patient’s first 12 to 24 h fol-
lowing open-heart surgery are usually spent in an intensive
care unit with a pulmonary artery catheter, arterial line, and
urinary bladder catheter in place to assist monitoring.

In the usual event of an uncomplicated postoperative
course, patients may be extubated within 6-12 h of surgery,
and with “fast-track” protocols now may be extubated within
a few hours of surgery.34 Care following the first 12 to 24 h
usually includes pharmacological diuresis to eliminate fluid
accumulation that is a by-product of CPB, aggressive pul-
monary toilet, and progressive ambulation. Most patients are
discharged on beta blockers, nitrates, digoxin (to help pre-
vent atrial arrythmias, which occur in 25%–30% of patients),
and aspirin, as well as antiulcer medications to avoid stress
gastrointestinal bleeds.

Given the coagulopathy associated with CPB and the
need for full systemic heparinization during CPB, excessive
bleeding is a unique and critical potential complication fol-
lowing open-heart surgery. High-dose epsilon aminocaproic
acid (Amikar) or aprotinin are often utilized intraoperatively
in low- and high-bleeding-risk patients, respectively, to min-
imize the coagulopathy associated with CPB.35 Bleeding is
assessed by chest tube output postoperatively, and algo-
rithms exist to treat with coagulation factors as appropriate.
Usually, bleeding in excess of 100 ml/h after the first several
hours requires transfusion of platelets, followed by fresh
frozen plasma if bleeding persists. Bleeding in excess of 1000
ml in primary operations requires return to the OR (Fig. 45.6).
In the absence of significant bleeding, most surgeons utilize
low-dose aspirin starting immediately postoperatively to en-
hance graft patency rates. This precaution may be particu-
larly important in OPCAB patients in whom coagulation
function is not depressed by the effects of CPB.

Elevation of central venous pressure in the setting of low
cardiac output, falling systemic blood pressures, or decreased
urine output may indicate cardiac tamponade from accumu-
lation of blood in the pericardium. A central venous pressure
above 20 mmHg and/or echocardiographic evidence of peri-
cardial fluid with or without right-ventricular compression
are typical but not pathognomonic signs of tamponade, and
tamponade can occur without these findings. The diagnosis
of postoperative cardiac tamponade invariably requires urgent
reexploration.

Occasionally, large pericardial effusions can also be asso-
ciated with postcardiotomy syndrome, an inflammatory
process that presents with unexplained fevers or leukocyto-
sis, chest pain, pericardial friction rub, or diffuse ST/T wave
changes. This syndrome can usually be treated with non-
steroidal antiinflammatory agents or steroids, but can also ne-
cessitate pericardial drainage.

Aside from the complications associated with CPB itself,
other complications associated with CABG include sternal or
leg wound infections and mediastinitis.
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FIGURE 45.6.  Algorithm for
blood conservation utilizing 
a “multimodality approach.” 
(Reproduced with permission
from Helm RE, Rosengart TK,
Klemperer JD, et al. Compre-
hensive multimodality blood
conservation: 100 consecutive
CABG operations without
transfusion.35)



FIGURE 45.7.  Schematic of conceptual basis of transmyocardial laser
revascularization (TMR), with transmural channels and/or laser-in-
duced neovasculature contributing to perfusion of ischemic territory.

OUTCOMES

A number of large databases have been established that ac-
curately allocate the risk associated with CABG as a func-
tion of a large number of patient risk parameters. Left-
ventricular ejection fraction remains one of the most sig-
nificant of the many risk factors assigned a relative value
in predicting the outcome of CABG. The presence of con-
gestive heart failure or shock were among the leading pre-
dictors of operative mortality in multivariate logistic re-
gression analysis. Acuity of operations, female gender, the
presence of renal failure or previous neurological events, or
the need to perform additional procedures such as mitral
valve replacement are other significant risk predictors for
operative mortality following CABG. Reoperation is an im-
portant predictor of operative mortality, probably both be-
cause of the increased incidence of incomplete revascular-
ization in these cases, itself a short- and long-term survival
risk factor, but also because of attendant risk factors in-
cluding acuity of operation, ejection fraction, advanced pa-
tient age, and more advanced atherosclerotic disease.36,37

The risk of inadvertent embolization from diseased grafts
and the risk of myocardial injury during dissection through
scar tissue are perceived but unproven risks in the reoper-
ative setting as well.

LONG-TERM OUTCOME

The main benefits of CABG include the relief of angina re-
fractory to medical therapy and, as demonstrated in the orig-
inal CABG trials, increased survival. It should be noted that
although patients with the most severe angina receive the
greatest benefit in terms of symptomatic relief and improve-
ment in quality of life, the degree of preoperative angina is
generally unrelated to survival benefits. Patients with silent
ischemia, for example, can be expected to have survival ben-
efits similar to those with symptoms.

Most CABG trials have demonstrated short-term angina
relief in greater than 90% of patients. In contrast, because of
graft attrition and progression of native vessel disease, only
50% of patients receiving saphenous vein grafts alone are is-
chemia free at 10 years and only 15% are symptom free at 15
years.38 In contrast, IMA patency rates are 95% at 1 year, 94%
at 8 years, and 85% at 10 years.39 With increased use of the
internal mammary artery, at least 70% of patients can be ex-
pected to be symptom free at 10 years.39 It is therefore an-
ticipated that the long-term benefits of CABG will improve
with greater use of the internal mammary artery and other
arterial conduits in the years to come. Long-term results with
arterial conduits other than the left IMA have, however, been
somewhat mixed.

Long-term survival post CABG in the three original
prospective CABG trials was 58% at 11 years in the VA study,
71% at 12 years in the European study, and 87% at 8 years
in the CASS study. Long-term survival at 8 years was better
for CABG than medical therapy in the CASS study in patients
with appropriate indications, such as those with decreased
ejection fraction and triple-vessel disease, but those differ-
ences dissipated at longer follow-up, probably because of the
attrition of saphenous grafts.

The survival rate for primary CABG patients has more
recently been reported to be 90% at 5 years, 80% at 10 years,
and 60% at 15 years. In contrast, a recent study of long-term
survival of medically treated patients from the CASS study

revealed a 12-year survival of only 40% in the presence of
triple-vessel disease.40

Nonbypass Revascularization

Apart from traditional means of revascularizing the my-
ocardium via direct coronary artery grafting beyond major
epicardial obstructions, recent techniques providing “bio-
logical revascularization” are under investigation. The first
of these techniques, transmyocardial laser revascularization
(TMR), which was approved by the FDA in 1998, is thought
to provide oxygenated blood from the left ventricle to the
ischemic myocardium through transmural channels lased
in the area of ischemia (Fig. 45.7).41 In actuality, it remains
controversial whether TMR channels remain patent, or
whether TMR in fact is upregulating the expression of en-
dogenous growth factors that induce new blood vessel for-
mation, or angiogenesis.42,43 As an alternative to TMR, a
number of investigators are attempting to enhance collat-
eral development by instilling one of several known growth
factors, or angiogens, that have been demonstrated to in-
duce angiogenesis.44–46

Other Complications of CAD

Mechanical complications of myocardial infarction include
free wall rupture of the ventricle, papillary muscle rupture,
ventricular septal defect, formation of ventricular aneurysm,
and mitral valvular regurgitation caused by postinfarction
conformational changes in the mitral apparatus. These
changes may each occur in the acute period following myo-
cardial infarction or develop in the chronic remodeling phase
of infarct healing. Surgical intervention is usually indicated
when clinical manifestations such as tamponade, congestive
heart failure, or arrhythmias present and lead to further di-
agnostic evaluation.

Valvular Heart Disease

Anatomy of the Cardiac Valves

The two atrioventricular valves, the right-sided tricuspid
valve and the left-sided bicuspid, or mitral valve, so named
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because of the number of their constituent leaflets, prevent
reflux of blood from the ventricle to the atrium during ven-
tricular systole. Each valve is made up of a collagenous core
lined by endocardium. The leaflets, or cusps, of each valve
are continuous with the surrounding annulus fibrosus and
meet at attachments called commissures. The chordae tend-
inae tether the free edges of each of the valve leaflets to the
intraventricular papillary muscles, thus preventing reflux dur-
ing ventricular contraction.

The tricuspid valve consists of a large anterior leaflet, a
posterior leaflet at the right margin of the heart, and a smaller,
septal leaflet attached to the interventricular septum. The mi-
tral valve consists of a large anterior (aortic) leaflet and a
smaller posterior (mural) leaflet (Fig. 45.8). The anterior and
posterior mitral valve leaflets are in continuity with the pos-
terior wall of the aorta and the posterior wall of the heart and
the AV groove, respectively.

The two anatomically similar semilunar valves, the aor-
tic and pulmonic, bridge the outlets of the two ventricles.
“Semilunar” describes the shape of the three valvules, or
cusps, comprising the valve overlying the valve orifice. The
valvules are attached at their base to the valve annulus, and
are attached to each other at the commissures. As opposed
to the complex AV valve apparatus, the aortic and mitral
leaflets and their annuli comprise the entirety of the valve
structure. The left and right coronary sinuses, found above
the corresponding valve cusp, give rise to the left and right
coronary arteries via ostia in these sinuses, while the third,
noncoronary sinus is located posteromedially. Important sur-
gical relationships are the positions of the left and noncoro-
nary cusps of the aortic valve, which are in continuity with
the anterior mitral valve leaflet, and the right cusp, which is
situated atop the interventricular septum and the conduction
system.

Pathology of Valvular Heart Disease

Rheumatic heart disease (RHD) has until recently been the
most common cause of heart valve dysfunction and the most
common cause of multivalvular disease, but with more per-
vasive medical therapy of streptococcal infections, the inci-
dence of RHD is undergoing continual decline. RHD most
commonly affects the mitral valve, and is by far the most

common cause of mitral stenosis (Table 45.3). Nonrheumatic
etiologies now supercede RHD as the most common cause of
heart valve insufficiency.

Pathophysiology and Clinical Presentation

Dramatic changes in cardiac structure and function that com-
pensate for the volume and pressure overload stresses im-
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FIGURE 45.8.  Schematic of the anatomical makeup of the atri-
oventricular valves, including the papillary muscles (bottom), chor-
dae, and leaflets, as represented by the anterior leaflet of the mitral
valve. (Reproduced with permission from Baue AE, Geha AS, Hol-
land GL, et al., eds. Glenn’s Thoracic and Cardiovascular Surgery,
Fifth Edition. New York: McGraw-Hill Companies, 1991.)

TABLE 45.3. Prevalent Etiologies of Valvular Heart Disease.

Mitral Stenosis
Valvular

Rheumatic disease
Nonrheumatic disease

Infective endocarditis
Congenital mitral stenosis
Single papillary muscle (parachute valve)
Mitral annual calcification

Supravalvular
Myxoma
Left atrial thrombus

Mitral Insufficiency
Valvular

Rheumatic fever
Endocarditis
Systemic lupus erythematosis
Congenital

Cleft leaflet (isolated)
Endocardial cushion defect

Connective tissue disorders
Annular

Degeneration
Dilation

Subvalvular
Chordae tendinae

Endocarditis
Myocardial infarction
Connective tissue disorder
Rheumatic disease

Papillary muscle
Dysfunction or rupture
Ischemia or infarction
Endocarditis
Inflammatory disorder

Malalignment
Left ventricular dilation
Cardiomyopathy

Aortic Stenosisa

Acquired
Rheumatic disease
Degenerative (fibrocalcific) disease

Tricuspid valve
Congenital bicuspid valve

Infective endocarditis
Congenital

Tricuspid valve with commissural fusion
Unicuspid unicommissural valve
Hypoplastic annulus

Aortic Insufficiency
Valvular

Rheumatic disease
Congenital
Endocarditis
Connective tissue disorder (Marfan’s)

Annular
Connective tissue disorders (Marfan’s)
Aortic dissection
Hypertension
Inflammatory disease (e.g., ankylosing spondylitis)

aExcludes subvalvular and supravalvular processes.



posed on the heart by valvular dysfunction allow individuals
with progressing valvular heart disease to persist in an asymp-
tomatic state for many years. The mechanisms that com-
pensate for the hemodynamic derangements associated with
valvular heart disease include atrial and/or ventricular cham-
ber enlargement, shifts along the pressure–function relation
[Frank–Starling curve (Fig. 45.9)], myocardial hypertrophy,
and increased adrenergic stimulation.

Eventually, pressure and volume stresses exceed the re-
serves provided by the cardiac compensatory mechanisms, and
congestive heart failure (CHF) ensues. Heart failure may be
characterized by fatigue and/or shortness of breath with exer-
tion or even at rest, caused by, respectively, diminished car-
diac output (forward failure) and increased LVEDP, which is
transmitted back into the pulmonary circulation and results
in pulmonary congestion (backward failure).

MITRAL STENOSIS

Hemodynamic sequelae of mitral stenosis develop only with
reduction of the normal mitral valve orifice area (4–6 cm2) to
an area of 2 cm2. Critical mitral stenosis develops at an orifice
area of 1 cm2. Changes in cardiac output result in a dispro-
portionate change in transmitral gradient and LA pressure. In-
creased loading of the atrium caused by the pressure gradient
imposed by MS eventually results in LA dilatation. Atrial fi-
brillation (AF) eventually develops as a consequence of atrial
dilatation and associated fibrosis and disorganization of atrial
fibers, which leads to disparate atrial conduction times and
refractory periods. These abnormalities allow the develop-

ment of ectopic foci and reentrant circuits that ultimately de-
generate into supraventricular tachyarrhythmias and AF.

As opposed to the effects of MS on atrial function, mitral
stenosis does not generally cause left-ventricular compromise.
When cardiac output is reduced, it is usually caused by de-
creased preload because of slow filling through the stenotic
valve rather than depressed myocardial contractility. In long-
standing mitral stenosis, however, pulmonary artery (PA) pres-
sure can exceed systemic pressure. At PA pressures greater than
70 mmHg, impedance to the right heart outflow frequently re-
sults in right-sided heart failure, which may be associated with
right-ventricular dilation, tricuspid insufficiency, and even pul-
monic insufficiency. Further decreases in left heart preload re-
sult, and a low cardiac output syndrome can develop.

AORTIC STENOSIS

The pathophysiological sequelae of aortic valve stenosis de-
velop with a decrease in the normal aortic valve orifice size
(2.6–3.5 cm2) to an area of 1 cm2. Pressure loading of the ven-
tricle caused by valvular obstruction leads to myocardial 
sarcomere replication and myocardial hypertrophy. Eventu-
ally, myocardial hypertrophy leads to significantly decreased 
ventricular compliance, increased LVEDP, and pulmonary
congestion.

Angina pectoris develops in two-thirds of patients with
severe aortic stenosis. Syncope occurs in 25% of symptomatic
aortic stenosis patients and is probably due to arterial hy-
potension and decreased cerebral perfusion caused by the pres-
ence of a flow limiting obstruction. Finally, heart failure de-
velops in patients with AS once maximal LV hypertrophy is
achieved. Failure develops as an adequate pressure gradient
and systolic ejection across the stenotic aortic orifice can no
longer be maintained. Right-sided heart failure follows as pul-
monary hypertension causes an increase in right-sided after-
load. Death occurs in 10% to 20% of patients secondary to
congestive heart failure. Sudden death, possibly secondary to
arrhythmia, is responsible for mortality in most of the re-
mainder of cases.

AORTIC INSUFFICIENCY

As opposed to the pressure-loading strain of aortic stenosis,
aortic insufficiency produces a volume-loading strain on the
left ventricle, caused by the regurgitant flow returning
through the aortic root. The volume-loaded ventricle empties
more efficiently and completely than normal, as dictated by
the principles of the Frank–Starling curve, compensating
somewhat for the net loss of forward cardiac output corre-
sponding to the regurgitant fraction. Increased diastolic load-
ing of the ventricle eventually results in excessive LV cham-
ber enlargement.

LV compliance remains relatively high until late in the
course of AI, despite the degree of ventricular hypertrophy
present, and LVEDP remains low. Ultimately, however, grad-
ual myocardial decompensation progresses in patients with
AI, often before the onset of symptoms. Limitations in car-
diac output ultimately produce symptoms of fatigue and
weakness when stroke volume plateaus with end-stage dis-
ease. At this point, any additional regurgitant flow cannot be
ejected. LVEDP rises, net forward flow decreases, and cardiac
failure ensues.
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FIGURE 45.9.  The Frank–Starling curve. Left-ventricular contractil-
ity (pressure or tension) increases as a function of volume loading
(sarcomere length) at end diastole. Lower curve depicts resting ven-
tricular pressures, representing ventricular compliance relationship.
(After Spotnitz JH, Sonnenblick FH, Spiro D. Relationship of ultra-
structure to function in the intact heart: sarcomere structure relative
to pressure volume curves of the intact left ventricles of dog and cat.
Circ Res 1996;18:57, with permission.)



MITRAL REGURGITATION

Because LV chamber pressure exceeds LA pressure well before
it reaches aortic root pressure, up to one-half of the ejected LV
volume can be ejected through the incompetent mitral valve
before the aortic valve has even opened. Thus, as with AI, MR
results in the net forward flow of only a portion of the ejected
ventricular end-diastolic volume. Unlike AI, systolic unload-
ing of the LV into the low-pressure atrium allows enhanced
ventricular emptying during systole. “Normal” ejection frac-
tions and fractional shortening ratios in MR patients may thus
actually reflect severe LV dysfunction. With progression, di-
latation of the left atrium and ventricle causes dilatation of
the mitral valve orifice, which interferes with proper coapta-
tion of the mitral valve leaflets and worsening MR. Eventu-
ally, a point of maximal systolic ejection is reached and in-
creasing regurgitant diastolic filling of the ventricle in the
face of fixed forward ejection results in an increase in end-
diastolic volumes. A cycle of deterioration in function and
worsening MR eventually ensues, and pulmonary hyperten-
sion, pulmonary hypertrophy, and right-ventricular dysfunc-
tion may develop as well.

RIGHT-SIDED AND COMBINED VALVULAR DYSFUNCTION

Right-sided valvular disease is similar to left-sided disease in
terms of the pathophysiology of these processes, except that
elevated right-atrial pressure results in systemic venous hy-
pertension rather than pulmonary congestion. Right-sided
dysfunction may thus be manifested by ascites, jaundice, and
other stigmata of cirrhosis, as well as peripheral edema or ab-
dominal swelling.

Tricuspid regurgitation, the predominant form of right-
sided valve pathology, is primarily caused by the right-
ventricular dilatation secondary to left-sided disease and de-
velops in a manner analogous to similar mechanisms caus-
ing MR. Tricuspid stenosis, although rarely seen, can produce
symptoms of systemic venous hypertension with a tricuspid
valve gradient as small as 5 mmHg. Significant hemodynamic
sequelae of pulmonary valve dysfunction are rare in the set-
ting of acquired heart disease.

Diagnosis of Valvular Heart Disease

Despite the recent introduction of advanced diagnostic tech-
niques, the initial assessment of patients with valvular heart
disease still depends on a careful history and physical exami-
nation, which will reveal important information regarding not
only the kind of valvular disease present, but also the sever-
ity, duration, and prognosis of the dysfunction. Data obtained
from the chest roentgenogram and 12-lead electrocardiogram
(ECG); M-mode, two-dimensional (2-D), and color Doppler
echocardiography; the flow-directed PA catheter; and, ulti-
mately, cardiac catheterization provide additional data.

Auscultation is a critical diagnostic tool for detecting and
differentiating between the various forms of valvular dys-
function. The midsystolic murmur of aortic stenosis produced
by turbulent, high-velocity flow across the narrowed aortic
valve is heard best at the base of the heart and usually radi-
ates to both carotid arteries. MR is characterized by a con-
stant, blowing holosystolic murmur characteristically heard
best at the apex and usually radiating to the axilla. A high-

pitched, decrescendo diastolic murmur that is best heard in
expiration at the left sternal border with the patient leaning
forward is found in patients with AI. In contrast, an opening
snap, accentuated S1, and a diastolic rumble with presystolic
accentuation heard best at the apex is diagnostic of MS (al-
though the auscultory findings of MS may vary widely). Fi-
nally, the pansystolic murmur of tricuspid regurgitation is lo-
calized more to the left lower sternal border and tends to
increase with inspiration (Carvallo sign) compared with the
other systolic murmurs.

Objective electrocardiographic data provide further evi-
dence of the extent of valvular heart disease by demonstra-
tion, for example, of increased QRS voltage or an LV strain
pattern associated with LV hypertrophy, left-axis deviation
secondary to ventricular chamber enlargement, or “p” wave
changes with or without a hypertrophic pattern indicative of
LA enlargement.

The routine posteroanterior and lateral chest roentgeno-
grams may provide nonspecific information about valvular
calcification, cardiac chamber enlargement, and pulmonary
congestion that may help in assessing the physiological im-
pact of valvular heart disease. Radionuclide scintography
yields visual and numeric data regarding cardiac function that
can be assessed serially to follow progression of disease. Of
all the noninvasive studies now available, however, cardiac
echocardiography has revolutionized the diagnosis of valvu-
lar heart disease. M-mode and 2-D echocardiography allow
real-time assessment of chamber size, wall thickness, and
valve appearance and motion. 2-D echo with color Doppler
overlay now provides physiological data at the bedside re-
garding blood flow across stenotic or regurgitant valves.

Cardiac catheterization still remains the only methodol-
ogy allowing direct and exact measurement of intracardiac
pressures and valve gradients. Pressure gradients across
stenotic valves are determined by pullback of the catheter
from one chamber to the next or, preferably, by simultane-
ous pressure measurements with catheters placed in each
chamber. Valve cross-sectional areas are determined by the
Gorlin equations. These equations are derived from basic hy-
drodynamic equation, flow � pressure/resistance.

Medical Management of Valvular Heart Disease

CONGESTIVE HEART FAILURE

Enhancement of cardiac function in patients with congestive
failure secondary to valvular dysfunction is directed toward
optimizing the three primary determinants of ventricular
function: preload, afterload, and myocardial contractility (see
Fig. 45.9). Increased preload, or ventricular filling, is an im-
portant compensatory mechanism in patients with ventricu-
lar failure in that increased volume loading of the ventricle
in end-diastole shifts ventricular contractility rightward on
the Frank–Starling curve. On the other hand, this increase in
preload, which is produced by a decrease in water clearance
by the kidney, comes at the expense of an increase in total
body water and increased total intravascular volume, which
in turn may result in edema formation and pulmonary con-
gestion. Excessive preload is therefore lowered with diuret-
ics, such as furosemide, and venodilator agents, such as ni-
troglycerin, and can effectively improve the symptoms of
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CHF as well as myocardial performance. Excessive reduction
in preload, however, deprives the ventricle of filling volumes
needed to maintain effective contraction and thus must be
avoided. Careful clinical and hemodynamic monitoring of the
patient after implementation of therapy is thus mandatory.

Afterload reduction is directed toward lowering the resis-
tance against which the heart must eject, and is thus espe-
cially effective in patients with decreased cardiac output in
the setting of increased systemic vascular resistance. After-
load reduction with vasodilator agents may also be optimally
applied to enhance pressure gradients to the periphery in pa-
tients with AI or MR, although these patients may already
have experienced an intrinsic decrease in vascular tone.

Afterload reduction can be accomplished with rapidly act-
ing intravenous or oral arterial vasodilators, such as nitro-
prusside and hydralazine, respectively, or the angiotensin-
converting enzyme inhibitors, represented by captopril and
enalapril. In the same regard, vasoconstrictor agents such as
norepinephrine bitartrate (Levophed) are generally contra-
indicated because they tend to increase afterload and exacer-
bate lesions such as AI.

Inotropic agents, which shift the ventricular function
curve upward and to the left (see Fig. 45.9), produce more
stroke work at any given level of filling, are another impor-
tant class of drugs for treating heart failure. Improvement in
cardiac function allows decreased ventricular filling and cre-
ates a greater cardiac reserve because the ventricle is able to
function at a lower point on the Frank–Starling curve. De-
creased levels of LVEDP lead to decreased pulmonary con-
gestion and symptomatic improvement. Commonly used ino-
tropes include digitalis, dopamine, dobutamine, and the
newer agents, amrinone and milrinone.

Surgical Treatment of Valvular Disease

INDICATIONS FOR INTERVENTIONAL THERAPY

Intervention therapy for patients with valvular heart disease is
generally indicated on demonstration of deterioration in ven-
tricular function or development of progressing or refractory
symptomotology. An inappropriate delay in definitive therapy
can result in an increase in operative mortality and in dimin-
ished cardiac and functional improvement postoperatively.

The timing of surgery for aortic stenosis is well defined,
as based upon the natural history of this disease. Mean sur-
vival after the onset of angina is about 5 years; with syncope,
it is 3 years, and with heart failure, 2 years. Symptomatic pa-
tients with significant uncorrected aortic stenosis have 25%
1-year and 50% 2-year mortality rates.47 Half these deaths are
sudden. Operation is thus usually indicated for any symp-
toms, including emboli, as well as for a transvalvular gradi-
ent greater than or equal to 50 mmHg, and a calculated valve
area less than or equal to 0.8 cm2/m2.

Intervention in individuals with MS is similarly usually
indicated for “critical” mitral valve stenosis (mitral valve ori-
fice less than 1 cm2/m2) or for any patient with symptoms.
Systemic emboli, especially if recurrent, are also an indica-
tion for operation. Other parameters include a mean mitral
valve gradient of 12 to 15 mmHg and an end-diastolic gradi-
ent of 8 to 10 mmHg. The onset of atrial fibrillation has also
been suggested as an indication for intervention because pro-
longed atrial fibrillation seems to worsen the prognosis for

patients with mitral stenosis. On the other hand, early oper-
ation does not appear to improve long-term survival in asymp-
tomatic patients.

Symptoms may not develop until after irreversible myo-
cardial dysfunction has occurred in patients with AI or MR,
and thus the appropriate timing of intervention in these in-
dividuals is significantly more challenging than in patients
with stenotic lesions. Proposed indications for operation for
regurgitant lesions utilize noninvasive technologies such as
radionuclide scanning and echo that allow serial assessments
of LV function in attempting to guide intervention to the on-
set of LV dysfunction. For AI, these criteria include an end-
systolic LV diameter larger than 55 mm and fractional short-
ening less than 30%, ejection fraction below 50%, and
increases in LVEDV.48 Along these same lines, operation may
be indicated for severe AI, as indicated by a diastolic blood
pressure of 50 mmHg, even in the asymptomatic patient. Sim-
ilar criteria established for the timing of operation in MR pa-
tients include an ejection fraction less than 55%, or fractional
shortening less than 30% with an end-diastolic diameter of
75 mm and an end-systolic diameter of 50 mm.49

Analogous to the indications for left-sided disease, correc-
tion of tricuspid valve stenosis is recommended for a tricus-
pid valve gradient of at least 5 mmHg or for the rare patient
with symptomatic disease. Correction of isolated tricuspid re-
gurgitation is usually indicated only in the presence of severe,
symptomatic disease with clear physical stigmata.

OPTIONS IN INTERVENTIONAL THERAPY

Percutaneous balloon valvuloplasty is a new technique in
which a high-pressure balloon catheter introduced via the
femoral artery is inflated across a stenotic valve to dilate the
obstructing lesion. Initial and intermediate-term results have
been favorable for selected cases of mitral stenosis with lim-
ited valvular and subvalvular calcification and fibrosis, as de-
termined by a standardized echocardiographic scoring sys-
tem.50 In contrast, percutaneous aortic balloon valvuloplasty
suffers from a relatively high complication and recurrence rate,
and is only occasionally indicated as a bridging technique in
critically ill patients.51

For patients with critical mitral stenosis in whom balloon
valvuloplasty is not indicated, open mitral commissurotomy
can be successfully performed if there is limited calcification,
leaflet stiffness, chordal fusion, or associated MR. Commis-
surotomy carries up to a 20% chance of reoperation within 5
years and a 60% chance at 10 years, but avoids the potential
complications of a valve prosthesis during that time.52 Al-
though excellent long-term results can be expected in appro-
priately selected patients with degenerative pathology, results
are less satisfactory for rheumatic and ischemic etiologies,
and repair in these cases must be selected cautiously.

Finally, tricuspid valve annuloplasty is the preferred treat-
ment for significant secondary tricuspid regurgitation, with
valve replacement reserved for severe or primary disease. In sum-
mary, except for the specific instances just cited, correction of
valvular heart disease nearly always requires replacement of the
diseased valve with a valve prosthesis or heterograft.

PROSTHETIC VALVES

The ideal prosthetic heart valve should be durable, non-
thrombogenic, resistant to infection, and technically easy to
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insert; it should possess an optimal hemodynamic profile and
it should be subjectively acceptable to the patient. Despite
the large number of valves that have been designed and in-
troduced clinically over the past four decades, the ideal valve
has not yet been developed. The two major classes of valves—
the mechanical and the tissue valves (xenograft [porcine or
bovine] or homograft [cadaveric human])—can be viewed as
representing strengths in durability versus low thrombo-
genicity, respectively.

Based upon the relative advantages and disadvantages, me-
chanical valves are recommended for most patients. Tissue
valves are generally preferred if life expectancy is less than
10 to 15 years, if there is a contraindication to coumadin ad-
ministration, such as the presence of a known coagulation
defect, history of gastrointestinal bleeding or similar source
of potential bleeding, if there is a likelihood of exposure to
potential trauma, or if pregnancy is anticipated. Tissue valves
are also considered if there are technical considerations at the
time of operation that favor tissue valve implantation, such
as a friable or heavily calcified annulus. Finally, tissue valves
are usually used for tricuspid valve replacement because of
the risk of thrombotic complications associated with the use
of mechanical valves in this position.

OPERATIVE PROCEDURES FOR VALVULAR DISEASE

PREOPERATIVE CARE

Careful preoperative preparation of the patient about to un-
dergo heart valve replacement can have important conse-
quences in terms of eventual patient morbidity and mortal-
ity. Screening for occult infectious processes such as dental
abscesses is critical to prevent contamination of the valvular
prosthesis and prosthetic valve endocarditis. As with any
open-heart procedure, the potential for coagulopathy should
be assessed because of the need for intraoperative hepariniza-
tion and, specific for valve surgery, postoperative anticoagu-
lation. Intractable or potentially recurrent gastrointestinal
tract bleeding, in particular, will represent a contraindication
to mechanical valve implantation.

As with any operative procedure, patients with significant
respiratory compromise should be considered for preoperative
pulmonary care, cigarette smoking should be discontinued,
and attention should be directed toward improving the nu-
tritional status of the patient. Finally, preoperative enhance-
ment of cardiac function can significantly improve operative
mortality; therefore, treatment of congestive failure in the
preoperative period should be pursued actively.

SURGICAL TECHNIQUE

A median sternotomy is the standard approach to the heart
for open valve surgery, whether it be for repair or replacement,
allowing excellent exposure. Excellent exposure to the mitral
valve can also be obtained by way of a standard or small
(“mini”) thoracotomy incision (aided by femoral vascular ac-
cess techniques), as has been popularized by the recent inter-
est in “minimally invasive” procedures. After institution of
CPB and cardioplegic cardiac arrest, the specific valvular
pathology is approached.

MITRAL VALVE REPAIR

A mitral commissurotomy is performed by incising the fused
commissures to a point a few millimeters from the valve an-

nulus, ensuring that attachments to the chordae tendinae are
left intact to prevent iatrogenic mitral insufficiency. The
chordae and even the papillary muscle can similarly be di-
vided to improve valve mobility.

Mitral reconstruction for insufficiency most commonly
involves mitral annuloplasty, with plication of an enlarged
annulus, usually onto a prosthetic ring.53,54 Mitral recon-
struction can also be accomplished utilizing a variety of ad-
ditional techniques. The most commonly performed of the
“tailoring” repairs is quadrangular resection of an enlarged
mural leaflet. Triangular resection of the anterior leaflet,
shortening of elongated chordae, transposition of mural leaflet
chordae to the aortic (anterior) leaflet, and chordal replace-
ment with PTFE sutures are the most commonly performed
of a variety of other techniques.53–57

VALVE REPLACEMENT

Mitral valve replacement has historically consisted of excis-
ing the diseased valve some 3 to 4 mm from the annulus and
division of the chordae at their junction with the papillary
muscles or through the papillary heads. Heavily calcified
valves can present difficulties in excision. Many surgeons now
preserve the posterior leaflet or at least some of the chordae
to the posterior annulus, especially for nonrheumatic MR, due
to theoretical consideration that maintaining the internal left-
ventricular architecture will help preserve LV function.58

After valve removal and appropriate debridement of cal-
cium to allow passage of sutures into relatively compliant tis-
sue, the valve orifice is sized with a plastic sizer. While a valve
size of at least 25 mm is required to allow adequate transmi-
tral flow, oversizing can lead to outflow tract obstruction, AV
groove or posterior wall rupture, or prosthetic dysfunction.

Aortic valve replacement is performed in a similar fashion
(Fig. 45.10).

Surgery is then completed as per other open-heart proce-
dures. The patient is separated from CPB, protamine is given
to neutralize the remaining heparin dose, cannulae are re-
moved, atrial and ventricular epicardial pacing wires are
placed in the event that they are needed for transient brady-
cardia or heart block, and appropriate chest tubes are placed.

POSTOPERATIVE CARE

The postoperative course of patients after valve surgery is in
many ways similar to that of any patient undergoing opera-
tion, with similar neuroendocrine responses to the stress of
surgery, and essentially identical to that for patients under-
going coronary artery bypass. Aside from these considera-
tions, complications specifically related to the prosthetic
valve implants are the primary and potentially most cata-
strophic complication associated with valvular heart surgery.

IMPLANT-RELATED COMPLICATIONS

With appropriate anticoagulant therapy, mechanical pros-
thetic valves such as the bileaflet valve enjoy freedom from
structural failure rates of at least 99% per year. Mechanical
valve dysfunction is today predominantly the result of valve
thrombosis. Thromboembolic complications associated with
mechanical valve implantation occur at a rate of approxi-
mately 1% to 2%/year.59 Lifelong anticoagulation therapy,
however, is mandated for all mechanical valve implants to
avoid an excessive thromboembolic complication rate, and
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carries an additional 1% to 2%/year risk of bleeding compli-
cations and a 0.17% mortality rate.59

Bioprosthetic implants generally do not require antico-
agulation, except for mitral bioprosthetic implants in the
presence of atrial fibrillation, which carry an increased
thromboembolic risk. It should be noted, however, that ap-
proximately 10% of patients with tissue valves in the aortic
position and up to 40% to 60% of patients with bioprosthetic
valves in the mitral position eventually require anticoagu-
lant therapy, thus partially negating the benefit of a tissue
valve implant.59

Bleeding complications should be treated as appropriate
for the specific event, by cessation of coumadin therapy, and
by administration of fresh frozen plasma and/or vitamin K,
as appropriate, with continuation of anticoagulant therapy as

soon as possible, but preferably within 1 week. It should be
noted that vitamin K administration makes subsequent anti-
coagulation more difficult, and should thus be avoided if ap-
propriate. In the event of planned or unanticipated surgical
intervention, it should be noted that coumadin therapy can
be replaced with intravenous heparin anticoagulation, which
can then probably be safely interrupted for 24 to 48 h peri-
operatively. Finally, a planned or unanticipated pregnancy
while on coumadin therapy can adequately be managed by
transitioning to subcutaneous heparin, or possibly oral hep-
arin analogues, during the first and third trimesters to avoid
coumadin teratogenicity and peripartum hemorrhage during
these respective intervals.

Hemolysis is another potential complication of valve im-
plantation, most likely to occur with a prosthesis in the aor-
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FIGURE 45.10.  Aortic valve replacement. 
A. Approach to aortic valve via aorta. 
B. Valve excision. C. Suturing of valve pros-
thesis. D. Aortotomy closure. (Reproduced
with permission from Greenfield LO, et al.
Surgery, Second Edition. Philadelphia: 
Lippincott-Raven, 1977.)



tic position, with small valve sizes, and in the presence of a
periprosthetic leak, especially in the mitral position. Hemol-
ysis can be great enough to produce clinically apparent jaun-
dice and require transfusion, but usually resolves with time.
Valve replacement may be required, especially if a peripros-
thetic leak exists.

Finally, infection may occur in 1% to 2% of prosthetic
valve implants, typically in the aortic position, representing
15% to 30% of all cases of endocarditis. Endocarditis occur-
ring less than 2 months postoperatively (“early” endocarditis)
may be related to a break in sterile technique or contamina-
tion from skin flora, whereas late endocarditis is usually re-
lated to a bacteremic episode. Staphylococcus epidermidis, S.
aureus, or the gram-negative rods are the most common in-
citing organisms in early cases, while strep is more commonly
seen in late endocarditis. Patients with prosthetic valves are
therefore cautioned to strictly adhere to the recommended
guidelines for antibiotic prophylaxis if invasive procedures
such as endoscopy or dental procedures are planned.

The chief cause of death from endocarditis is congestive
heart failure, and thus evidence of hemodynamic compromise
in this setting is an important indication for operation. Op-
eration generally consists of complete excision of the infected
valve apparatus, debridement and closure of any abscess, and
valve re-replacement.

SURGICAL RESULTS

OPERATIVE MORTALITY

The overall operative mortality rate for valve replacement
ranges from 5% to 12%.60–63 Ejection fraction less than 30%,
emergent surgery, reoperations, concomitant coronary bypass
grafting, and mitral regurgitation were independent mortal-
ity predictors in a retrospective study.

HEMODYNAMIC AND LATE RESULTS

Left-ventricular chamber size, wall thickness, and LV mass
generally tend to decrease as early as 7 to 10 days postopera-
tively after correction of valvular heart disease.64–66 These
changes can be related to decreases in afterload and wall
stresses related to decreased diastolic filling and improved
systolic emptying related to elimination of excessive regur-
gitant volumes or valvular obstruction, in the case of insuf-
ficiency and stenotic lesions, respectively.

Excellent functional improvement can also generally be ex-
pected for nearly all patients undergoing correction of valvu-
lar heart disease. Preoperative left-ventricular function, and the
type and durability of surgical correction, with attendant com-
plication rates, are the primary predictors of long-time event-
free survival. Significant LV dysfunction, in fact, can result in
up to a 50% decrease in the 5-year survival rates and extent of
functional improvement in patients undergoing valve replace-
ment.

FREEDOM FROM REOPERATION

Aside from operative mortality rates, functional improve-
ment, and thromboembolic and hemorrhagic complication
rates, one remaining parameter by which valve surgery must
be judged is the freedom from reoperation rate. In general,
this is primarily a consideration for heterograft implants, as
this rate is less than 1%/year for mechanical implants. In a
recent report of 589 patients with a mean age of 67 � 11 years

undergoing bovine pericardial aortic valves implants, freedom
from reoperation at 10 years was 97% � 2% and freedom from
valve-related failure was 96% � 4%, however, suggesting that
previous considerations regarding the limited durability of tis-
sue valve implants may become less significant.67

Similarly encouraging results have recently been reported
for mitral valve repair.68–72 The overall 5-year freedom from
reoperation for mitral valve repair has recently been reported
at 90%, while 15-year freedom from reoperation has been re-
ported at 87%.

In summary, encouraging recent trends have been re-
ported with the use of mitral valve repair, bovine pericardial
valves, and, in selected cases, aortic homograft implants in
terms of long-term freedom from reoperation and other com-
plications. In other cases where mechanical implants are re-
quired, long-term durability can be expected, although at the
expense of a persistent annual risk of thromboembolic and
anticoagulant-related complications.
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46

Immunology 
of Transplantation

Allan D. Kirk

General Considerations and Terminology

At the most basic level, rejection involves recognition of a
tissue that is foreign in a context that is perceived to be ap-
propriate for a defensive response. Put another way, all re-
jection responses involve something on the graft that is rec-
ognized as foreign, some component of the immune system
which recognizes it, and something that defines the context
of the foreign object as worthy of the immune system’s at-
tention. To begin to describe these fundamental aspects of re-
jection, a rudimentary vocabulary is required.

The word antigen is used to describe a molecule or tissue
that can be recognized by the immune system. An epitope is
the portion of the antigen, generally a carbohydrate or pep-
tide moiety, that actually serves as the binding site for a re-
ceptor of the immune system. Thus, antigens contain one or
many epitopes. Each is bound by one of two types of lym-
phocyte receptors: the T-cell receptor (TCR) of T cells, or the
antibody (or immunoglobulin) of B cells. In general, a TCR
or antibody binds to only one epitope and each cell expresses
a single type of antigen receptor. These receptors allow a given
lymphocyte to “see” and respond to only one epitope, and
thus establish the specificity of an immune response. The sig-
nal from these receptors to the lymphocyte on which they re-
side defines immune recognition.

The context or appropriateness of an immune response is
governed by another set of receptors on lymphocytes called
costimulation receptors. These receptors bind irrespective of
the epitope and allow the lymphocyte to determine whether
the specific signal generated by the antigen receptor should
evoke a response. By having separate signals for specificity
and appropriateness, the immune system can carefully regu-
late its response to be active when a pathogenic threat is 
present and inactive as the threat subsides.

Given the myriad of surface receptors involved in lym-
phocyte function, the descriptive names that are frequently
given to a newly discovered molecule are unwieldy. Thus, as
new molecules are characterized, they are assigned a “clus-
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ter of differentiation” (CD) number. This nomenclature is vi-
tal to any discussion of complex cellular interactions.

Organs transplanted between genetically nonidentical in-
dividuals of the same species are termed allografts. Antigens
from these grafts are thus alloantigens, and immunity toward
these antigens is known as alloreactivity. The word homo-
graft was used in earlier literature to describe allografts. The
degree to which an allograft shares antigens with the recipi-
ent is referred to as the histocompatibility of the graft. This
term generally refers to the similarity of a cluster of genes on
chromosome 6 known as the major histocompatibility com-
plex (MHC, also known as HLA in humans). Thus, transplant
antigens are unique, genetically encoded characteristics of an
individual. Basically, two different classes of MHC gene prod-
ucts are produced, termed class I and class II. The importance
of MHC gene products stems from their polymorphism. Un-
like most genes, which are identical within a given species,
polymorphic gene products differ in detail while still con-
forming to the same basic structure. Thus, polymorphic MHC
proteins from one individual are foreign alloantigens to an-
other individual. Allografts that are matched to their recipi-
ent at HLA are referred to as HLA-identical allografts, and
those matched at half of the HLA loci are termed haplo-
identical. Note that HLA-identical allografts still differ ge-
netically and are to be distinguished from isografts. Isografts
are organs transplanted between identical twins, are im-
munologically inconsequential, and thus do not reject.
Xenografts are organs transplanted from one species to an-
other and were formerly described as heterografts.

Physiological Immunity

Two distinct but complementary arms of the immune sys-
tem have evolved in vertebrates to combat disease: the in-
nate and acquired immune systems. They differ in their fun-
damental responsibilities.

The innate immune system recognizes general motifs that



have, through selective evolutionary pressure, come to rep-
resent universally pathological states to our species (ischemia,
necrosis, trauma, and certain nonhuman cell surfaces).1 In-
nate recognition leads to prompt and direct attempts to re-
move the offending entity. Innate mechanisms of defense are
thus direct and require little in the way of regulation. The
likelihood that self-reactive innate immunity will occur is
low because the molecules that trigger innate processes have
been defined by their stark differences from normal tissues.

In contrast, the acquired immune system recognizes spe-
cific pathogens through antigen binding. Antigen binding
leads to carefully regulated destruction of the antigen-
expressing tissue. Obviously, a large number of receptors are
required to specifically distinguish the seemingly endless ar-
ray of pathogens. Highly specific receptors must also respond
to very minor differences in antigen structure. With a large
and varied assemblage of receptors, the potential for cross-
reactivity with self is high. This system must therefore be
under constant regulation to prevent autoimmunity. Ac-
quired responses are therefore characterized by many regula-
tory steps designed to prevent autoimmune attack and un-
controlled lymphocyte proliferation. Clearly, an immune
system tailor made for one individual will be perturbed when
it encounters tissues from another individual. This reaction
is the cause of allograft rejection.

Physiological Innate Immunity

The innate immune system uses protein receptors encoded
in the germ line (passed from one individual to its offspring)
to identify foreign or aberrant tissues.1 These receptors can
exist on cells, such as macrophages, neutrophils, and natural
killer cells, or free in the circulation, as is the case for com-
plement.1–3 They are limited in specificity but are broadly re-
active against common components of pathogenic organisms,
for example, lipopolysaccharides on gram-negative organisms
or other glycoconjugates. Thus, the receptors of innate im-
munity are the same from one individual to another within
a species and, in general, do not play a role in the recogni-
tion of a foreign graft. They may, however, come into play
when an injured tissue (e.g., one that has been made ischemic
and moved from one individual to another) is present.

Once activated, the innate system performs two vital
functions. It initiates cytolytic pathways for the destruction
of the offending organism, primarily through the complement
cascade. It also communicates the encounter to the acquired
immune system for a more specific response through by-
products of complement activation and through the function
of phagocytic cells.

Complement plays a central role in many innate re-
sponses.4 In a process known as alternative pathway com-
plement activation, C3, the central activating enzyme of the
complement cascade, can be activated when carbohydrates
lacking sialic acid (a sugar moiety that is not found in most
bacteria but is common on human cells) are encountered. One
of the cleaved fragments of C3, C3b, is released and binds to
the invader, flagging it as foreign, a process known as op-
sonization. C3a, another product of C3 activation, acts to re-
cruit neutrophils to the site, while C3d enhances the im-
munogenicity of the organism, making it more likely to
stimulate a dendritic cell to present the antigen to T cells.
C3 activation also leads to formation of the membrane attack

complex (MAC). This product is the result of activated C3
catalyzing the activation of C5, which in turn catalyzes the
polymerization of C6, C7, C8, and C9, forming the MAC, a
pore embedded in the foreign cell that results in disruption
of the membrane and lysis.

Macrophages and dendritic cells not only engulf foreign
cells that have been bound by complement, but also those
identified through receptors for foreign carbohydrates (e.g.,
mannose receptors).5 This tissue is broken down and pre-
sented to the acquired immune system using molecules of
the MHC so that specific T cells can be activated and aid in
the attack. Acquired immunity can also reciprocally activate
the innate system. In a pathway known as the classical com-
plement activation cascade, antigen-bound antibody can bind
to the complement molecule C1q, which in turn becomes ac-
tivated and activates C3. C3 activation products then proceed
toward the MAC and serve chemoattractant functions, as de-
scribed for the alternative pathway.

Physiological Acquired Immunity

The hallmark of acquired immunity is specific recognition
and elimination of cells. Highly specialized receptors for dis-
tinguishing infected and transformed cells from normal tis-
sues have evolved to facilitate this goal. The altered cell is
recognized as a specific entity, not just as nonself, and a record
of that encounter is retained for more rapid response to fu-
ture encounters, a phenomenon known as immunological
memory.6

THE GENETICS AND STRUCTURAL

CHARACTERISTICS OF ANTIGEN RECEPTORS

Two cell types have evolved with the ability to specifically
bind to antigen: T cells and B cells (Fig. 46.1). Their receptors
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FIGURE 46.1.  The general structure of antigen receptors. The two
receptor types used by cells of the acquired immune system for spe-
cific recognition of antigen. The B-cell antigen receptor (left) is an
antibody molecule made up of two identical light chains disulfide
bonded to two identical heavy chains, thus forming two identical
sites for binding soluble antigen. The T-cell antigen receptor (right)
is associated with a five-chained signal transduction unit called CD3
(shown as the subunits �2�2��). It has a single antigen binding site for
recognition of a processed peptide antigen bound to an MHC mole-
cule. Striped areas represent the regions of most structural variabil-
ity. (From Kirk AD, Sollinger HW. Transplant immunology and im-
munosuppression. In: Schwartz S, ed. Principles of Surgery, 7th Ed.
1998. Used with permission.)



are similar in genetic development but differ in the types of
antigens they bind. T-cell antigen receptors bind peptide anti-
gens that have been processed by cells and combined with
MHC molecules, while B-cell antibodies bind antigens in
their native conformation on an invading pathogen or free in
the extracellular fluid. T-cell receptors (TCR) are fixed, while
antibodies can be secreted and act at locations remote from
the cell.

THE T-CELL RECEPTOR

The formation of the TCR is fundamental to the under-
standing of its function.7,8 T cells are formed in the fetal liver
and bone marrow and migrate to the thymus during the first
trimester of fetal development. At this stage, they have no
TCR or accessory molecules. Upon entering the thymus, T
cells undergo a remarkable rearrangement of the DNA that
encodes the TCR.9 Two recombination-activating genes,
RAG-1 and RAG-2, drive this series of genetic deletions and
splicing events.10,11 Four distinct loci (� and � on chromo-
some 14, and � and � on chromosome 7), each made up of a
highly polymorphic variable (V), junctional, and/or diversity
(J and D, respectively) region, and a well-conserved constant
(C) region, are involved. The recombination event randomly
joins C, V, D, and J regions together to form a functional �,
�, �, or � chain.

It is important to note that, regardless of the genes used,
individual cells recombine to express a TCR with a single
specificity. The rearrangements occur randomly, resulting in
a population of T cells capable of binding 109 different speci-
ficities, essentially all combinations of MHC and peptide.

To avoid the release of autoreactive T cells, developing
cells undergo a process following recombination known as
thymic selection.12,13 Cells initially interact with the MHC-
expressing cortical thymic epithelium. If binding does not oc-
cur to self-MHC, the cells are useless to the individual, as they
would be unable to bind to and survey cells in the periphery
for foreign antigen. Thus, all nonbinding cells undergo apop-
tosis, or programmed self-destruction, a process called posi-
tive selection. Cells surviving positive selection then move to
the thymic medulla and lose either CD4 or CD8. If binding
to self-MHC in the medulla occurs with an unacceptably high
affinity, apoptosis again results; this is called negative selec-
tion. The only cells released into the periphery are those that
can bind self-MHC without activation. Any foreign peptide
encountered will alter the affinity that has been preordained
in the thymus, resulting in the initial events of T-cell activa-
tion. Likewise, MHC molecules that were not part of the 
T-cell’s thymic education will bind the TCR with unaccept-
able affinity. This phenomenon defines alloreactivity.

In addition to thymic selection, it is now clear that mech-
anisms exist for peripheral modification of the T-cell reper-
toire.14 Much of this is in place for removal of T cells fol-
lowing an immune response and downregulation of activated
clones. A molecule known as Fas (CD98) is expressed on ac-
tivated T cells.15 Under appropriate conditions, binding of this
molecule to its ligand leads to apoptosis. Complementing this
deletional method to TCR repertoire control are nondele-
tional mechanisms that selectively anergize (make unreac-
tive) specific T-cell clones. One prominent receptor group me-
diating this function is the CD28:B7 pair.16 TCR binding only
leads to activation if the costimulatory molecule CD28 is

bound to its ligand B7, generally found on antigen-presenting
cells (APCs). In the absence of binding, the cell is turned off
until exogenous IL-2 is added. Thus, TCR binding that occurs
to self in the absence of appropriate antigen presentation or
active inflammation fails to lead to self-reactivity.

T-CELL ACTIVATION

T cells recognize and destroy cells of the body that make pep-
tide products of mutation or viral infection. They do not rec-
ognize these peptide antigens unless they are presented by a
self-cell. Molecules of the MHC perform this presentation.
By requiring that T cells only respond to antigen encountered
when it is physically embedded in self-cells, the body avoids
having its T cells constantly activated by soluble molecules.

Because the number of potential antigens is high, and the
likelihood is that self-antigens vary minimally from foreign
antigens, the nature of the TCR-binding event has evolved
such that a single interaction with an MHC molecule is not
sufficient to cause activation. In fact, a T cell must register
a signal from approximately 8000 TCR–ligand interactions
with the same antigen before a threshold of activation is
reached.17–19

The binding between the TCR and MHC is governed by
accessory molecules that improve the TCR-binding affinity
and regulate the type of cell that the T cell can “see.”20,21

Parenchymal cells express class I MHC molecules. These
class I molecules display peptides from within (e.g., peptides
from normal cellular processes or from internal viral replica-
tion).22,23 T cells responsible for surveying parenchymal cells
express the accessory molecule CD8, a molecule that binds
to class I, and will only stabilize a TCR interaction with a
class I-presented antigen. Thus, CD8� T cells evaluate
parenchymal cells and mediate most of the destruction of al-
tered cells. They have been termed cytotoxic T cells.

Hematopoietic cells express class II MHC molecules in
addition to class I. Class II molecules display peptides that
have been phagocytized from surrounding extracellular spaces
and are thus more appropriate for the presentation of newly
acquired antigen.22,23 Cells initiating an immune event need
to have access to this newly processed antigen. The accessory
molecule stabilizing the TCR–class II interaction is called
CD4. Thus, under physiological conditions, CD4� T cells are
first alerted to an invasion of the body by hematopoietic anti-
gen-presenting cells (APC) that present their newly devoured
antigen in a class II molecule (Fig. 46.2). These cells are free
to present antigen without evoking a cytotoxic response from
cytotoxic CD8� T cells (remember that the new antigen will
not be presented in class I because it is not internally derived).
CD4� cells recognize dendritic cells and macrophages that
have an antigen. They then signal back to the APC to acti-
vate CD8� cells to search the body for cells that have been
infected by this invader. Thus, APCs alert CD4� T cells, and
CD4� T cells then endow APCs with the ability to martial
CD8� T cells and “license them to kill.”24,25 This process is
mediated through upregulation of costimulation molecules.
CD8� T cells then survey parenchymal cells for the offending
antigen in the context of MHC class I and kill those cells found
to be expressing the antigen from within.

When the TCR is bound to an MHC molecule and the
proper accessory molecule stabilizes its binding, it transmits
its signal to the cell by initiating the activity of intracyto-
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plasmic protein tyrosine kinases (PTKs) (Fig. 46.3).26,27 Repet-
itive binding signals combined with the appropriate costim-
ulation eventually activate phosphokinase-� (PLC-�1), which
in turn hydrolyzes the membrane lipid phosphatidyl inositol
biphosphate (PIP2), thereby releasing inositol triphosphate
(IP3) and diacyl glycerol (DAG).28–30 IP3 binds to the endo-
plasmic reticulum, causing a release of calcium that induces
calmodulin to bind to and activate calcineurin. Calcineurin
dephosphorylates the critical cytokine transcription factor
NF-AT, prompting it, with the transcription factor NF-�B, to
initiate transcription of cytokines including IL-2. IL-2 is then
released and binds to the T cell in an autocrine loop, poten-
tiating DAG activation of protein kinase C (PKC). PKC is im-
portant in activating many gene regulatory steps critical for
cell division.

T-CELL-MEDIATED CYTOTOXICITY

Physiological cytotoxicity is mediated by CD8� T cells be-
cause they bind to the class I MHC of all nucleated cells.
Killing occurs either by a Ca2�-dependent secretory mecha-
nism or a Ca2�-independent mechanism that requires direct
cell contact.31

ANTIBODY

Antibody, also called immunoglobulin (Ig), is formed in B cells
much the same way the TCR is in T cells, although matura-
tion occurs in the bone marrow, and not in the thymus, and

continues in the periphery.9,32 Five different heavy chain loci
(�, �, �, �, �) on chromosome 14, and two light chain loci (�
on chromosome 2, and 	 on chromosome 2), each with V, D
and/or J, and C regions, are brought together randomly by the
RAG-1 and RAG-2 apparatus to form a functional antigen re-
ceptor. Antibodies have a basic structure of four chains, two
of which are identical heavy chains and two of which are
identical light chains (see Fig. 46.1). The heavy-chain usage
defines the Ig type as being IgM, IgG, IgA, IgE, or IgD. This
structure forms two identical antigen-binding sites brought
together on a common region known as the Fc portion of the
antibody. The Fc portion is critical in the process of op-
sonization. It is bound by Fc receptors on phagocytic cells of
the innate immune system, facilitating phagocytic destruc-
tion of the antigen and processing of antigenic peptides. The
Fc portion of IgM and some classes of IgG also serve to acti-
vate complement. The mechanism for regulating B-cell tol-
erance remains a subject of intense investigation.33

Unlike the TCR, the Ig loci undergo continued alteration
after B-cell stimulation to improve the affinity and function-
ality of the secreted antibody. In an alteration known as iso-
type switching, Ig genes change their initial heavy-chain gene
usage from the IgM type (used for initial and baseline re-
sponses against common carbohydrate antigens) to one of four
types, each of which provides heightened specialization for a
given purpose.34 IgG becomes the most significant soluble
mediator of opsonization and is clearly the dominant anti-
body resulting from allostimulation. IgA is formed for mu-
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FIGURE 46.2.  T-cell interactions with an antigen-presenting cell
(APC). The T-cell receptor (TCR) binds to an MHC molecule (class
II is shown). This event is stabilized by an accessory molecule (CD4).
The costimulatory molecule CD40 upregulates the expression of the
APC costimulation molecules, inducing many critical APC func-
tions. Costimulatory molecule binding is shifted away from the neg-

ative regulation by CTLA4 to positive regulation by CD28. This po-
tentiates signal transduction by the TCR through CD3 and in turn
induces IL-2 and interferon-� synthesis. IL-2 works in an autocrine
loop to force the cell into a division cycle. Interferon-� works in 
concert with APC-derived cytokines to facilitate cytotoxic T-cell
maturation.



cosal immune responses, IgE for mast cell-mediated immu-
nity, and IgD as a primary cell-bound antibody form.

B-CELL ACTIVATION

B cells recognize antigen in its native form without the re-
quirement for processing and presentation on MHC mole-
cules.35 When antigen is bound by two surface antibodies, the
antibodies are brought together on the cell surface in a process
known as cross-linking; this is the event that stimulates 
B-cell activation, proliferation, and differentiation into a plasma
cell. Like the T cell, the threshold for B-cell activation is high.
B cells also can internalize antigens bound to surface antibod-
ies and process them for presentation to T cells. As such, B cells
can bind antigen in circulation and initiate a T-cell response to
respond to antigen incorporated into tissues of the body.

In addition to being secreted following exposure to an anti-
gen, antibody can be present as part of a natural repertoire in
circulation for initial response to common pathogens.36 Anti-
gen exposure generally leads to B-cell affinity maturation and
isotype switching, and produces high-affinity IgG antibodies.
Naturally occurring antibodies, however, are generally IgM
antibodies with low affinity and are generally thought to re-
spond to a broad array of carbohydrate epitopes found on
many common bacterial pathogens. Natural antibody is re-
sponsible for ABO blood group antigen responses and discor-
dant xenograft rejection.

ANTIBODY-MEDIATED CYTOTOXICITY

Antibody facilitates both the destruction and removal of anti-
genic cells. Once bound to an antigen, antibody serves as an
anchoring site for the complement component C1q, as de-
scribed.4 Antibody can also serve as an opsonin directly. Most
phagocytic cells have receptors for the Fc portion of IgG and
actively engulf antibody-coated targets in a process known as
antibody-dependent cellular cytotoxicity (ADCC).

CYTOKINES

The entire immune process is dependent on cell-to-cell com-
munication. While receptor interactions can serve this pur-
pose between two cells, soluble mediators of communication
are required to facilitate the amplification of the response.
Cytokines (also known as interleukins [IL]) (see Table 46.1)
are polypeptides that are released by many cell types and ac-
tivate or suppress adjacent cells.37 They are particularly fun-
damental to the interactions between CD4� T cells and APCs.
The prototypical cytokine of T-cell activation is IL-2.38 It has
been suggested that T cells, once activated, develop into one
of two phenotypes based on cytokine expression. T cells me-
diating cytotoxic responses, such as delayed-type hypersensi-
tivity, express IL-2, IL-12, IL-15, and IFN-� and have been
called Th1 cells. T cells supporting the development of hu-
moral or eosinophilic responses express IL-4, IL-5, IL-10, and
IL-13 and have been called Th2 cells.
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FIGURE 46.3.  T-cell receptor activation signal transduction and the
sites of action of various immunosuppressants. The TCR binding fa-
cilitates kinase activity by CD3 and CD4 (or CD8). The costimula-
tory molecules CD28, CD152, and CD154 determine the relative po-
tency of these signals. TCR signal transduction proceeds via a
calcium-dependent dephosphorylation of NF-AT, which enters the
nucleus and acts in concert with NF-�B to facilitate cytokine gene
expression. IL-2 works in an autocrine loop to force the cell into a
division cycle. Cyclosporine (CyA) and tacrolimus (FK506) both block
this signal transduction by blocking the calcineurin/calmodulin-

potentiating proteins cyclophilin and FKBP, respectively. This step
limits the access of NF-AT to the nucleus. Rapamycin (RAP) blocks
the IL-2 receptor signal transduction by blocking the interaction of
RAFT and FKBP. Steroids increase I�B� synthesis and limit the abil-
ity of NF-�B to enter the nucleus. Azathioprine (Aza) and mycophe-
nolate mofetil (MMF) interrupt the cell cycle by interfering with nu-
cleic acid metabolism. Monoclonal antibodies (OKT3, anti-IL-2
receptor, and anti-CD40L) interrupt key surface interactions required
for T-cell function.



TABLE 46.1. Properties of Some Human Cytokines.

Alternative Target cell
Cytokine name Source(s) type(s) Action(s)

IFN-� and — Activated T cells, Activated T and B cells, NK Induces antiviral state, antitumor activity, induces fever, increases class I and II MHC 
IFN-� endothelial cells, and LAK cells expression, stimulates activated B-cell differentiation and proliferation and NK activity, 

macrophages, inhibits T and LAK cell activity
fibroblasts

IFN-� — Activated T cells, Activated and resting B and Induces antiviral state, antitumor activity, induces fever, increases class I and II MHC 
LAK cells plasma cells, NK, endothelial, expression, stimulates activated B-cell differentiation and proliferation and NK and LAK 

and LAK cells, macrophages activity, activates macrophages and endothelial cells, stimulates IgG2a isotype switch
TGF-� — T cells, macro- Monocytes, fibroblasts Chemotactic for fibroblasts and monocytes, induces extracellular matrix remodeling, repair

phages, and fibrosis, induces B-cell differentiation and isotype switching, T-cell proliferation and 
NK cells angiogenesis

TNF — Activated T cells, Resting T, activated T and B Induces antiviral state, antitumor activity, induces fever, increases class I MHC expression, 
LAK cells, cells, plasma, stem, and activates macrophages, granulocytes, eosinophils, and endothelial cells, chemotactic 
macrophages endothelial cells, eosinophils, and angiogenic activity 

fibroblasts, macrophages
IL-1 Endogenous Activated T and Resting T and B cells, activated Induces antiviral state, antitumor activity, induces fever, stimulates activated B-cell 

pyrogen B cells, LAK T and B cells, plasma, stem, and differentiation and proliferation, activates and stimulates proliferation of T cells, activates
cells, endothelial endothelial cells, eosinophils, granulocytes and endothelial cells, stimulates hematopoiesis
cells, macro- fibroblasts, macrophages
phages, fibroblasts

IL-2 T-cell growth Activated T cells, Activated T cells, activated and Activates macrophages, T, NK, and LAK cells, stimulates differentiation of activated B cells,
factor LAK cells resting B cells, NK and LAK stimulates proliferation of activated B and T cells, induces fever

cells, macrophages
IL-3 Multi-CSF Activated T cells Stem cells, activated B cells, Stimulates hematopoiesis, activated B-cell proliferation, and eosinophil activity

eosinophils
IL-4 B-cell- Activated T cells Activated T cells, activated and Activates macrophages, T and B cells, stimulates differentiation of activated B cells,

stimulating resting B cells, plasma LAK stimulates proliferation of activated B and T cells, induces IgE receptors on B cells,
factor-1 cells, macrophages stimulates IgE and IgG1 isotype switch

IL-5 B-cell growth Activated T cells Activated and resting B cells, Stimulates IgA isotype switch and eosinophil activity
factor-2 plasma cells, eosinophils

IL-6 B-cell-stimulating Activated T cells, Activated T, resting B, and stem Activates T cells, stimulates activated B-cell differentiation and activated T- and B-cell
factor-2, B-cell- endothelial cells, cells proliferation
differentiating fibroblasts,
factor, macrophages
interferon-�2

IL-7 — Activated T cells Activated T and resting B cells Stimulates activated T-cell and resting B-cell proliferation
IL-8 — Activated T cells Granulocytes Stimulates granulocyte activity, chemotactic activity
IL-9 — Activated T cells T cells Stimulates T-cell proliferation
IL-10 — Macrophages, B Macrophages, B and T cells Inhibits macrophage cytokine release, induces B-cell differentiation and isotype 

and T cells switching, induces class II expression, T-cell stimulation
IL-11 — Bone marrow Hematopoietic stem cells Stimulates megakaryocyte and B lineage stem cell maturation

stromal cells
IL-12 — NK cells and T cells Induces T-cell maturation and cytotoxic activity

macrophages
G-CSF — Endothelial cells, Granulocytes Stimulates granulocyte activity and hematopoiesis

fibroblasts,
macrophages

M-CSF — Macrophages Macrophages Activates macrophages
GM-CSF — Endothelial cells, Stem cells, granulocytes, Activates macrophages, stimulates granulocyte and eosinophil activity and hematopoiesis

fibroblasts, macrophages, eosinophils
activated T cells

IFN, interferon; TGF, transforming growth factor; TNF, tumor necrosis factor; IL, interleukin; CSF, colony-stimulating factor; LAK, lymphokine-activated killer; NK, natural killer.

Cytokines are secreted polypeptides that mediate autocrine and paracrine cellular communication but do not bind antigen. They include those compounds previously termed interleukins and lymphokines.

Source: Based on the consensus cytokine chart of the British Cytokine Group. Burke F, Naylor MS, et al. The cytokine wall chart. Immunol Today 1993;14:165.



COSTIMULATION

As mentioned, TCR binding is not usually sufficient to cause
a T-cell response. Rather, receptor–ligand pairs known as co-
stimulation molecules determine how the T cell will re-
spond39,40 (Fig. 46.4). Costimulatory molecules include the 
T-cell-based molecules CD28 and CTLA4 (CD152) (Fig. 46.2).
In general terms, CD28 binding permits the TCR signal to
lead to activation while CTLA4 binding directs the TCR sig-
nal to induce anergy. The ligands for CD28 and CTLA4 are
the B7 molecules (CD80, CD86).

An additional costimulation molecule pair is CD40, a
molecule found on endothelium, dendritic cells (DCs), and
other APCs, and its T-cell-based ligand CD40L (CD154)41,42

(Fig. 46.4). CD40 binding is required for APCs to stimulate a
cytotoxic T-cell response.

Many other adhesion molecules (ICAM, selectins, inte-
grins, etc.) control the movement of immune cells through
the body, monitor their trafficking to specific areas of in-
flammation, and nonspecifically strengthen the TCR–MHC
binding interaction.43,44 They differ from costimulation mol-
ecules in that they enhance the interaction of the T cell with
its antigen without influencing the quality of the TCR re-
sponse. Almost all are upregulated by cytokines released dur-
ing T-cell and endothelial activation.

Transplant Immunity

The Genetics and Structural Characteristics 
of Transplant Antigens

The antigens primarily responsible for human allograft rejec-
tion are those encoded by the HLA region of chromosome 6.45

The polymorphic proteins encoded by this locus include 
class I molecules (HLA-A, -B, and -C) and class II molecules
(HLA-DR, -DP, and -DQ). Class I genes with limited poly-
morphism (E, F, G, H, and J) are not currently typed and are
not considered here. Although other polymorphic genes, re-

ferred to as minor histocompatibility antigens, exist in the
genome, they are not covered in this section. The blood group
antigens of the ABO system must also be considered poly-
morphic transplant antigens, and their biology is critical to
humoral rejection.

Each class I molecule is encoded by a single polymorphic
gene that is combined with the nonpolymorphic protein �2-
microglobulin (�2M, from chromosome 15) for expression.21,22

Class II molecules are made up of two chains, � and �, and
individuals differ not only in the alleles represented at each
locus, but also in the number of loci present in the HLA class
II region.46 As the HLA sequence varies, the ability of vari-
ous peptides to bind to the molecule and be presented for T-
cell recognition changes. Teleologically, this extreme diver-
sity is thought to improve the likelihood that a given
pathogenic peptide will fit into the binding site of these anti-
gen-presenting molecules, thus preventing a single viral agent
from evading detection by T cells of an entire population.47,48

While the structure of HLA is complex, the clinical im-
portance of the region with respect to transplantation is eas-
ily understood by simple Mendelian genetics. Recombination
within the locus is uncommon, occurring in approximately
1% of molecules. The HLA type of the offspring is therefore
predictable. The unit of inheritance is the haplotype, which
consists of one chromosome 6 and, therefore, one copy of each
class I and class II locus (HLA-A, -B, -C, -DR, -DP, and -DQ).
The genetics of HLA is particularly important in under-
standing clinical living-related donor (LRD) transplantation.
Each child inherits one haplotype from each parent; there-
fore, the chance of siblings being HLA identical is 25%. Hap-
loidentical siblings occur 50% of the time and completely
nonidentical or HLA-distinct siblings 25% of the time.

The Biology of Transplant Antigens

The physiological role of MHC molecules is twofold: to pro-
vide a mechanism for T-cell inspection of parenchymal cells
and to provide an interface between APCs and T cells. Class I
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FIGURE 46.4.  T-cell costimulation. T-cell
responses depend on two signals; signal one
is given by antigen through the TCR and
signal two is given by costimulatory recep-
tors. Both are required for activation. Signal
one alone leads to T-cell anergy or death.
Signal two has no independent effect.



molecules serve the first role, while class II molecules serve
the second. It is important to reiterate, however, that organ
transplantation is not a physiological process, but rather an
artificial situation. Thus, T-cell responses to either class of
MHC molecule can generate a rejection episode.

When an inappropriate peptide is detected, CD4� T cells
release cytokines to activate APCs to recruit CD8� cells into
the area to inspect nearby cells for intracytoplasmic presence
of the offending peptide. B cells are also stimulated to release
antibody to bind the offending peptide and aid in its clear-
ance by the innate immune system. The cytokines released
by CD4� cells, particularly interferon-�, also induce expres-
sion of class II molecules on local cells and increase expres-
sion of class I molecules locally.49 This reaction increases the
chance that infected cells will be detected. In the case of trans-
planted organs, ischemic injury at the time of transplantation
accentuates the potential for T-cell activation by upregula-
tion of both class I and class II molecules.50 Surgical trauma
and ischemia also upregulate class II (as well as B7 and other
adhesion molecules) on all cells of an allograft, making anti-
gen more abundant. If rejection can be prevented until the
cells of the graft can return to their baseline state of antigen
expression, the chance of a T cell encountering foreign anti-
gen in sufficient density to become activated is greatly re-
duced. This alteration is the primary reason that immuno-
suppression is heavily administered in the immediate
postoperative period and tapered to lower, less toxic levels
over time.

Clinical Definition of Transplant Antigens

Closely matched transplants are less likely to be recognized
and rejected than are similar grafts differing at the MHC. His-
torically, MHC match has been defined using two assays: the
lymphocytotoxicity assay and the MLC.51,52 Both assays de-
fine MHC epitopes but do not comprehensively define the
entire antigen or the exact genetic disparity involved. Tech-
niques now exist for precise genotyping that distinguishes the
nucleotide sequence of an individual’s MHC.

Matching is only temporally feasible before cadaveric re-
nal transplantation and living-related allografts. Some centers
now use HLA typing to dictate pancreas allocation as well.
Other organs are MHC typed retrospectively. As would be
predicted, the incidence of acute rejection declines with de-
creasing MHC disparity.53 However, any mismatch puts the
patient at risk for T-cell-mediated graft destruction and man-
dates T-cell-specific immunosuppression. As immunosup-
pression has improved, the relative importance of MHC
matching, even for renal allotransplantation, has decreased.
Now, when determining the destination of an organ, signifi-
cant emphasis is also placed on the recipient’s physical con-
dition and time on the waiting list.

Mechanisms of Allograft Rejection

T-Cell-Mediated Rejection

T cells are the primary mediators of acute allograft rejec-
tion.54–56 T cells can respond to transplant antigens either di-
rectly, through TCR binding to foreign MHC molecules ex-
pressed on transplanted tissues in the presence of donor

costimulation, or indirectly, by encountering self-APCs that
have phagocytosed alloantigens and processed them for pre-
sentation on self-MHC. It is also probable that recipient T
cells can bind to donor APCs, particularly dendritic cells, ac-
tivating them and allowing them to direct recipient cytotoxic
T-cell maturation. Regardless of the source of the activating
MHC, however, the ensuing internal T-cell events proceed as
described for physiological T-cell function.

Initial T-cell binding to a donor APC or endothelial cell
is nonspecific and mediated by adhesion molecules.44 These
molecules, including ICAM-1, VCAM-1, LFA-1, and other in-
tegrin family molecules, are all upregulated upon donor cell
activation. The result is a graft that is poised to report its in-
jured status to the recipient.

Once nonspecific adhesion has formed, MHC recognition
can occur. The costimulatory environment of the donor tis-
sue is affected by many factors, most of which are related to
the mechanics of transplantation. MHC class II is upregu-
lated, as are many nonspecific adhesion molecules.50

Once T-cell activation occurs, cytokines, particularly 
IL-2 and interferon-� (IFN-�) from T cells and IL-12 from
APCs, create a potent milieu recruiting other T cells into the
response and potentiating clonal expansion.37,58–60 B-cell ac-
tivation is also mediated through cytokine secretion. Cy-
tokines are responsible for many of the systemic symptoms
of fever and malaise that can be associated with severe graft
rejection.

In the late phases of rejection, the inflammatory response
recruits cells with nonspecific cytotoxic activity to the organ.
Although cytotoxicity is best mediated by CD8� cells, in the
artificial situation presented by allotransplantation, both
CD4� and CD8� cells have been shown to mediate cytotox-
icity.57 It is now clear that, following activation, non-MHC-
restricted, T-cell-mediated cytotoxicity occurs in addition to
MHC-directed killing.59 This reaction allows the utilization
of T cells activated in the area of inflammation but without
a TCR specific to the antigen to take part in protective or, in
the case of transplant rejection, detrimental immunity. It is
likely that this additional promiscuous killing is spurred for-
ward by a failure to eliminate the antigen. This type of ac-
tivity is induced by high concentrations of IL-2, which may
be relevant in the local milieu of a rejecting allograft.

Antibody-Mediated Rejection

Although acute rejection is always the result of T-cell recog-
nition and activation, most acute rejections are accompanied
by an antibody response.61 In addition, antibody can be the
primary mediator of two types of rejection: hyperacute rejec-
tion and acute vascular rejection. Furthermore, antibody
formed during the course of an allograft rejection remains in
the circulation even after the acute event has been success-
fully controlled. Many investigators believe that chronic ex-
posure to donor-specific antibody can have progressively dam-
aging effects on the graft and contribute significantly to
chronic rejection.

Donor-specific antibody has multiple effects on the graft.
Direct cell lysis occurs as a result of classical pathway com-
plement activation. Antibody opsonization increases the
phagocytic uptake of donor antigen, and as such increases the
antigen presentation to the recipient immune system. Anti-
body also directly alters the activation status of the en-
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dothelial cell. This change leads to cellular retraction and ex-
posure of the underlying matrix, which in turn potentiates
platelet activation and aggregation. Endothelial activation
also alters its usually anticoagulant environment in favor of
a procoagulant one.62,63 The result is microvascular throm-
bosis, a hallmark for antibody-mediated graft rejections.

Clinical Rejection Syndromes

Hyperacute Rejection

Hyperacute rejection (HAR) is caused by donor-specific anti-
body present in the recipient’s serum at the time of trans-
plantation.61 The antibody is not a result of the transplant
but rather is a result of prior sensitization to donor antigens
or to antigens that are sufficiently similar to those of the
donor to elicit cross-reactivity. Presensitization is usually the
result of prior transplant, transfusion, or pregnancy. HAR 
develops in the first minutes to hours following graft reper-
fusion. Antibodies bind to the donor tissue, initiating com-
plement-mediated lysis, endothelial cell activation, a proco-
agulant state, and immediate graft thrombosis.

While there is no treatment for hyperacute rejection, a
thorough understanding of its cause has resulted in its avoid-
ance through the use of two preoperative screening tests,
namely the lymphocytotoxic crossmatch and ABO blood
group typing. These two tests identify donor-to-recipient
combinations in which HAR would likely occur.

The crossmatch is performed by mixing cells (generally
nonactivated T cells that express class I but not class II MHC
antigens on their surface) from the donor with serum from
the recipient. Lysis of the donor cells indicates that anti-
bodies directed against the donor are present in the recipient
serum; this is called a positive test result. A positive test can
result from IgG or IgM antibodies. In general, only detection
of IgG antibodies directed against class I MHC molecules rep-
resents a positive test and an absolute contraindication to
transplantation. Preoperative verification of proper ABO
matching and a negative crossmatch effectively prevent hy-
peracute rejection in 99.5% of transplants. Many variations
of the crossmatch exist.64,65

As one might expect, the sensitization status of a patient
can change over time. New exposures through transfusions
can lead to new antibody formation. Existing sensitivities can
wane with prolonged time on the waiting list. Thus, serum
from patients awaiting transplantation is frequently screened
against a battery of random donor cells to assess their level of
sensitization. The screening assay is known as the panel re-
active antibody assay, or PRA. A nonsensitized patient has a
PRA of 0%; in other words, that patient’s serum lyses 0% of
randomly selected cells. The chance of that patient having a
positive crossmatch is very low. Patients who have had mul-
tiple exposures to other human tissues have higher reactivity
to random cells. As their PRA rises, the likelihood of their re-
ceiving an organ that elicits a negative crossmatch diminishes.

A delayed variant of HAR known as vascular rejection is
also mediated by humoral factors.66 Vascular rejection occurs
when offending alloantibodies exist in circulation at levels
undetectable by the crossmatch assay, even though presensi-
tization has taken place. Frequently this is seen in a patient
with a high PRA that decreases with time. Serum tested at

the time of the transplant is negative, but serum from an
archived sample is positive. Reexposure leads to restimula-
tion of the memory B cells responsible for the donor-specific
antibodies. The result is initial graft function, followed by
rapid deterioration on or about postoperative day 3. Enhanced
immunosuppression with steroids, combined with nonspe-
cific antibody depletion with plasmapheresis, or administra-
tion of nonspecific immunoglobulin (to bind effector cell Fc
receptors and complement in circulation and competitively
divert them from antibody bound to the graft) is occasionally
successful in reversing vascular rejection.

Acute Rejection

T cells cause acute rejection.54–57 Acute rejection can occur
at any time after the first 4 postoperative days, but is most
common in the first 6 months post transplant. It evolves over
a period of days to weeks, and is the inevitable result of an
allotransplant unless immunosuppression directed against T
cells is employed. To initiate acute rejection, T cells bind al-
loantigen via their TCR directly, or following phagocytosis of
donor tissue and representation of MHC peptides by self-APC.
This then leads to cell activation, as described. The result is
a massive infiltration of the graft of T cells (Fig. 46.5), with
destruction of the organ through direct cytolysis and en-
dothelial perturbation leading to thrombosis.

Prompt recognition of acute rejection is imperative be-
cause prolonged rejection leads to recruitment of multiple
arms of the immune system that do not respond to T-cell-
specific therapies. In addition, graft damage, particularly for
kidney, pancreas, and heart, is generally accompanied by a
permanent loss of function that is proportional to the mag-
nitude of involvement. Most acute rejection episodes for pa-
tients on modern immunosuppression are asymptomatic un-
til the secondary effects of organ dysfunction occur. By this
time, the rejection is well entrenched and difficult to reverse.
For this reason, monitoring for acute rejection must be in-
tense, particularly during the first year following transplan-
tation. Generally, unexplained graft dysfunction should
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FIGURE 46.5.  The histology of acute rejection. A photomicrograph
of a renal biopsy with T cells stained dark (immunoperoxidase tech-
nique) shows infiltration of the kidney with activated T cells and re-
nal tubular damage. (From Kirk AD, Sollinger HW. Transplant im-
munology and immunosuppression. In: Schwartz S, ed. Principles of
Surgery, 7th Ed. 1998. Used with permission.)



prompt biopsy and evaluation for the lymphocytic infiltra-
tion and graft parenchymal necrosis characteristic of acute 
rejection.

Like HAR resulting from humoral presensitization, T-cell
presensitization will result in an accelerated form of cellular
rejection mediated by memory T cells. It occurs within 3 days
of transplant and is usually accompanied by a significant hu-
moral response.

Chronic Rejection

Unlike acute and hyperacute rejection, chronic rejection (CR)
remains poorly understood.67,68 Its onset is insidious, occurring
over a period of months to years, and because the pathophysi-
ology is not well defined, it remains untreatable. Heightened
immunosuppression is not effective in reversing or retarding
the progression of chronic rejection. Thus, its distinction from
acute rejection by biopsy is important. CR tends to be poorly
defined even by histological criteria. Regardless of the organ in-
volved, it is characterized by parenchymal replacement by fi-
brous tissue and with a relatively sparse lymphocytic infiltrate.
It is likely that the cumulative effects of mild subclinical im-
mune recognition by several limbs of the immune system, and
the resulting exposure to soluble factors, including fibrogenic
cytokines, eventually take their toll on the graft.

Immunosuppression

The redundancy and plasticity of the immune system has to
date prevented any single agent from specifically preventing
graft destruction. In addition, as allograft recognition is me-
diated by an immune system formed for the detection and
elimination of pathogens, manipulations altering this system
do so at the expense of a vital defense network. Thus, no im-
munosuppressive intervention is allograft specific, or, put an-
other way, all drugs preventing allograft loss put the recipi-
ent at increased risk for infection or malignancy. Rational,
selective use of several immunosuppressive agents acting
through different synergistic mechanisms is required to suc-
cessfully prevent rejection without completely removing the
body’s defense.

For all organs, it is clear that the events occurring at the
time of the initial antigen exposure are the most critical in
establishing a lasting state of immune unresponsiveness. For
this reason, immunosuppression is extremely intense in the
early postoperative period and tapered thereafter. This initial
conditioning of the recipient’s immune system is known as
induction immunosuppression. It usually involves deletion
of the T-cell response completely and as such cannot be main-
tained indefinitely without lethal consequences. Medications
used to prevent acute rejection for the life of the patient are
called maintenance immunosuppressants. These agents tend
to be well tolerated acutely if dosed appropriately, but all have
chronic side effects. Immunosuppressants used to reverse an
acute rejection episode are called rescue agents. They are gen-
erally the same as those agents used for induction therapy.

Corticosteroids

Corticosteroids, in particular glucocorticosteroids, remain a
central tool in the prevention and treatment of allograft re-

jection. Used alone at maintenance doses, they are ineffec-
tive in preventing allograft rejection, but used in combina-
tion with other agents, they significantly improve graft sur-
vival. When used in higher doses they effectively rescue acute
cellular rejection. Although steroids have a desirable im-
munosuppressive effect, they can contribute significantly to
morbidity of transplantation.

Glucocorticosteroids bind to an intracellular receptor af-
ter nonspecific uptake into the cytoplasm (see Fig. 46.3). The
receptor–ligand complex then enters the nucleus, where it
acts as a DNA-binding protein and increases the transcrip-
tion of several genes. The most commonly used form of
steroid is prednisone or its intravenous substitute, methyl-
prednisolone.

Antiproliferative Agents

AZATHIOPRINE

The antimetabolite azathioprine (Aza) was the first immuno-
suppressive pharmaceutical used in organ transplantation and
remains a part of many maintenance protocols.69–71 Aza un-
dergoes hepatic conversion first to 6-mercaptopurine (6-MP),
and then to 6-thio-inosine monophosphate (6-tIMP). These de-
rivatives, in turn, inhibit DNA synthesis by alkylating DNA
precursors and inducing chromosomal breaks through inter-
ference with DNA repair mechanisms. In addition, they in-
hibit the enzymatic conversion of IMP to AMP and GMP. The
primary effect is to deplete the cell of adenosine. The effects
of Aza are relatively nonspecific. It acts not only on prolifer-
ating lymphocytes and PMNs, but on all rapidly dividing cells.
As such, its primary toxicity is directed at the bone marrow,
gut mucosa, and liver. Aza is relatively ineffective alone and
has no efficacy as a rescue agent. It does effectively inhibit re-
jection when given as a maintenance agent in combination
with steroids and a calcineurin inhibitor.

MYCOPHENOLATE MOFETIL

Mycophenolate mofetil (MMF) inhibits inosine monophos-
phate dehydrogenase, and thus prevents a critical step in RNA
and DNA synthesis, exploiting a critical difference between
lymphocytes and other body tissues, including PMNs, to pro-
duce relatively lymphocyte-specific immunosuppressive ef-
fects. MMF blocks the proliferative response of both T and B
cells, inhibits antibody formation, and prevents the clonal ex-
pansion of cytotoxic T cells.

MMF decreases the rate of biopsy-proven rejection and the
need for antilymphocyte agents in rescue therapy compared
to Aza.72,73 As such, MMF has replaced Aza in patients with
high risk of rejection.

Calcineurin Inhibitors

CYCLOSPORINE

The T-cell-specific immunosuppressive drug cyclosporine A
(CyA) is a cyclic endecapeptide isolated from the fungus
Tolypocladium inflatum gams.74,75 Its mechanism of action
is mediated primarily through its ability to bind to the cyto-
plasmic protein cyclophilin (Cn)75 (see Fig. 46.5). The CyA–Cn
complex binds with high affinity to the calcineurin–calmod-
ulin complex and, in doing so, blocks its role in the calcium-
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dependent phosphorylation and activation of the transcrip-
tion-regulating factor NF-AT. This prevents the transcription
of the IL-2 gene. Cellular cytotoxicity is also probably inter-
rupted through calcineurin inhibition. The transcription of
other genes critical for T-cell activation is also altered. How-
ever, once IL-2 is present in the graft cytokine milieu, CyA
is ineffective. Cyclosporine therefore works solely as a main-
tenance agent and is ineffective as a rescue agent.

TACROLIMUS

Tacrolimus, previously described investigationally as FK-506,
is a macrolide produced by Streptomyces tsukubaensis.
Tacrolimus, like CyA, blocks the effects of NF-AT, prevents
cytokine transcription, and arrests T-cell activation76 (Fig.
46.3). The intracellular target is an immunophilin protein dis-
tinct from cyclophilin known as FK-binding protein (FK-BP);
thus, the effect is additive to that of CyA. As such, the use
of tacrolimus with CyA produces prohibitive toxicity. Like
CyA, the effects of tacrolimus are relatively T-cell specific,
but in addition to its role as a maintenance agent, tacrolimus
has also shown promise as a rescue agent.77 Tacrolimus has
been shown to be extremely effective for liver transplanta-
tion and has become the drug of choice for many centers.

Antilymphocyte Preparations

ANTILYMPHOCYTE GLOBULIN

Antilymphocyte globulin (ALG) is produced by inoculating
heterologous species with human lymphocytes, collecting the
plasma, and purifying the IgG fraction. The resulting prepa-
ration, known as a polyclonal antibody preparation, contains
antibodies directed against many antigens on lymphocytes.
Thymocytes rather than lymphocytes are sometimes used as
the immunogen, and antibodies formed from this process are
known as antithymocyte globulin (ATG). The most commonly
inoculated species is the rabbit, and thymoglobulin (SangStat,
Inc., Fremont, CA) is the most widely used preparation.

Antibodies in ALG coat multiple epitopes on the T cell.78,79

This has many effects, including promoting T-cell clearance
through complement-mediated lysis and opsonin-induced
phagocytosis, as well as limiting the ability of the T cell to
generate an effective TCR signal by internalization of key sur-
face receptors. In addition, the antibodies cross-link several key
molecules, including adhesion and costimulation molecules79;
this has the effect of impairing or altering signals generated by
these receptors and either preventing activation or possibly
leading to an anergic phenotype. The overall result is to func-
tionally remove the primary effector cells required for acute
rejection during critical times post transplantation.

When used as an induction agent, T-cell depletion reduces
the possibility that T-cell-mediated antigen recognition will
occur when the graft is in its most vulnerable state. When
ALG is used as a rescue agent, antigen recognition has already
occurred and the beneficial effects of ALG are likely related
solely to its ability to destroy cytotoxic T cells.

OKT3

Although polyclonal antibody preparations have many bind-
ing specificities, monoclonal antibodies have a single specific

target antigen. The first, and for years only, commercially
available monoclonal antibody preparation for use in organ
transplantation was Orthoclone OKT3 (Muromonab; Ortho
Pharmaceuticals, Raritan, NJ). This murine monoclonal an-
tibody is directed at the signal transduction subunit on hu-
man T cells (CD3)80 (see Fig. 46.3).

There are several ways in which OKT3 is thought to have
its effect.80,81 The CD3 determinant, as described earlier, is
a cluster of transmembrane proteins found on the surface of
all mature T lymphocytes. When OKT3 binds to CD3, it leads
to internalization of the TCR receptor complex, thus pre-
venting antigen recognition and TCR signal transduction. In
addition, T-cell opsonization and clearance by the reticu-
loendothelial system occur. Following the administration of
OKT3, there is a rapid decrease in the number of circulating
CD3� lymphocytes. Effect is minimal on T cells residing in
the thymus, lymph nodes, or spleen. Following several days
of administration, there is a return of T cells expressing the
accessory binding molecules CD4 and CD8 but lacking the
T-cell receptor. These “blind” T cells remain incapable of
binding to antigen. In addition to interfering with the gener-
ation of cytotoxic T cells and the modulation of cell-surface
proteins, OKT3 blocks the cytotoxic activity of already acti-
vated T cells; this is the result of inappropriate activation and
degranulation that results when the CD3 is bound by OKT3.
This reaction is perhaps its most important function, but
leads to its substantial side effect profile. Pan-activation of
the body’s T cells leads to transient activation and systemic
cytokine release, similar to the effect of the superantigen
staphylococcal exotoxin, the etiological agent for toxic shock
syndrome. As such, administration of OKT3 leads to pro-
found, systemic cytokine release syndrome that can result in
hypotension, pulmonary edema, and fatal cardiac myode-
pression. In approximately 2% of patients, the inflammatory
response manifests itself as aseptic meningeal inflammation.
Administration of high-dose methylprednisolone before OKT3
administration is required to blunt this adverse response, but
it is rarely avoided altogether. The syndrome abates with sub-
sequent dosages as the target cells available for degranulation
become consumed or exhausted.

Much like ATG, OKT3 was first used as a rescue agent
to treat acute renal allograft rejection.82,83 It is greatly supe-
rior to conventional steroid therapy in reversing rejection and,
consequently, in improving allograft survival. However, its
side effects and the limiting nature of the antimurine anti-
body response have limited its use to steroid-resistant rejec-
tion. Use of OKT3 in induction immunosuppressive proto-
cols for kidney transplants is also common in some centers.

ANTI-IL-2 STRATEGIES

Two new monoclonal antibodies have recently been approved
for use in renal transplantation: daclizumab (Zenapax; Roche
Pharmaceuticals, Nutley, NJ), and basiliximab (Simulect; No-
vartis Pharmaceuticals, Basel, Switzerland).84–86 Both are di-
rected against CD25, the high-affinity chain of the IL-2 re-
ceptor (Fig. 46.3). The design of these agents represents
significant attempts to achieve the therapeutic benefits of
ALG or OKT3 without the toxicity through rational molec-
ular engineering. Targeting this receptor has many potential
advantages. It is only present on activated T cells, and thus
the effects are limited to those T cells that have become ac-
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tivated in the face of an allotransplant. Theoretically, only al-
lograft-specific cells are affected, leaving T cells with physi-
ological specificity undisturbed. It should be pointed out,
however, that because alloreactivity is the result of cross-re-
activity, even removal of alloreactive cells might remove cells
with important specificity against pathogenic antigens. An
additional benefit of anti-CD25 therapy is that it is mono-
clonal and the binding of its target does not precipitate a T-
cell signal which induces cytokine release. Thus, no acute
side effects occur. Both anti-CD25 antibodies function as in-
duction agents only.

New Immunosuppressive Agents

RAPAMYCIN

Rapamycin is a macrolide antibiotic derived from Strepto-
myces hygroscopicus.87–89 Structurally, rapamycin is very
similar to tacrolimus, and they antagonize each other’s bio-
logical activity. Both interact with the cytoplasmic protein
FK-BP, but rapamycin does not affect calcineurin activity.90–92

As a result, rapamycin does not inhibit the expression of NF-
AT or IL-2 expression. Rather, it impairs signal transduction
by the IL-2 receptor (IL-2R). Rapamycin has been shown to
dramatically prolong allograft survival in multiple animal
models and has recently been approved for use in humans as
a maintenance immunosuppressant.

DEOXYSPERGUALIN

The antitumor antibiotic spergualin was isolated from Bacil-
lus laterosporus in 1981. Its derivative deoxyspergualin (DSG)
was shown to have strong antiproliferative and immunosup-
pressant properties.93 Although the mechanism of DSG is not
completely understood, there is evidence that it is immuno-
suppressive via a predominantly anti-APC effect.94 DSG has
been shown to effectively prolong allograft survival in many
animal models.93 Early clinical studies suggest it will be ef-
fective in renal transplantation.95

BREQUINAR

Brequinar sodium (BQR) is a new immunosuppressive agent
that selectively inhibits both T- and B-cell proliferation. It
functions by inhibiting the enzyme dihydroorotate dehydro-
genase, thus interfering with de novo pyrimidine synthesis.
As with MMF, BQR inhibits lymphocyte DNA synthesis and
interrupts the rejection process at the level of clonal expan-
sion.96 Prolongation of heart, kidney, and liver allografts has
been shown in several experimental models, and the effects
of BQR are synergistic with CyA. Primary side effects are re-
lated to leukopenia.

Tolerance

Physicians have long dreamed of a method that would allow
for organs to be transplanted and specifically accepted as self-
organs. Since the middle of this century, it has been clear that
one acquires the ability to respond to certain antigens and
not respond to others. More recently, it has become apparent
that tolerance to self-tissues is rarely absolute, is closely reg-
ulated, and is probably maintained by repetitive exposure to
self-antigen in a context that fosters T-cell anergy rather than

T-cell activation. Several investigators are now aggressively
pursuing means to apply the body’s natural ability to acquire
and maintain tolerance to transplanted organs rather than re-
lying on toxic immunosuppression for graft survival. Extra-
ordinary success has been achieved in animals using several
techniques, the most promising of which are T-cell ablation,
mixed chimerism, and costimulation blockade. Early human
trials are being contemplated.

Xenotransplantation

Transplantation has now become the treatment of choice for
most end-stage diseases of most solid organs. Unfortunately,
the indications for organ replacement have expanded at a rate
far exceeding the available donor supply. Those that do receive
one generally must wait a significant amount of time, during
which they undergo deterioration in their fitness for surgery.
Many investigators are now examining the feasibility of xeno-
transplantation to improve the availability of organs.97 In gen-
eral, there are two types of xenografts, discordant (from dis-
tantly related species) and concordant (from closely related
species). The immunology of these two types of xenografts dif-
fers markedly, and their use in humans will require consider-
able advances in immunosuppressive technology.
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Principles of Organ 
Preservation

J.E. Tuttle-Newhall and Pierre-Alain Clavien

Organ preservation is the ability to maintain ex vivo
organ viability in addition to the capacity to restore
normal organ function at the time of restitution of

physiological blood flow.1 It is currently the basis upon which
clinical and research models of organ transplantation rely.
Clinically, when the organ does not regain normal function
rapidly after implantation surgery and reperfusion, there is ei-
ther delayed graft function (DGF) or primary nonfunction
(PNF). DGF by definition is impaired function that eventu-
ally returns to normal. On the other hand, graft PNF indi-
cates complete failure of the organ to restore function or the
inability to sustain life. In the clinical setting, DGF occurs in
10% to 15% of all liver grafts and 30% to 50% of cadaveric
kidneys transplanted within 24 h of cold preservation.2 In
heart, lung, or liver transplants, DGF can have devastating re-
sults in the individual patient, with prolonged ICU and hos-
pital stays and possible long-term effects on organ function.
PNF of vital organs results in death of the patient unless a
retransplant is rapidly performed.

In the laboratory, organs can be preserved in the Univer-
sity of Wisconsin (UW) preservation solution for as long as
72 h with 100% immediate graft function in some animal
models.3 Although the phenomenon of DGF is often blamed
upon hypothermic preservation techniques that are currently
used in clinical organ transplants, it is clear that other vari-
ables are critical, such as donor, recipient, and specific im-
munological conditions. To reduce the incidence of DGF and
PNF, it is paramount to understand the mechanisms of graft
injury during preprocurement, ex vivo transport, and subse-
quent reperfusion.

Mechanisms of Preservation Injury

To reduce the incidence of DGF and PNF, it is important to
understand the types of injuries that occur at the cellular
level. In the discussion of preservation and reperfusion injury,
there are four different time periods that should be exam-
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ined:1 prepreservation, cold preservation, rewarming, and
reperfusion. While the prepreservation time period is distinct,
the other three time periods are interrelated and codependent,
making up the classic ischemia–reperfusion interval.

Prepreservation

Injury to solid organs can occur before the procurement
process. Nonimmune-mediated processes may be very im-
portant to both short- and long-term patient and graft out-
comes. On reviewing the current United Network of Organ
Sharing (UNOS) database, immediate function and long-term
graft survival are superior in grafts from living donors com-
pared to those procured from classic cadaveric sources. Or-
gan disease present in the donor either may be incompatible
with graft survival after transplantation, such as severe he-
patic steatosis, or may result in transmissible diseases, such
as hepatitis C or B. Brain death triggers specific injuries in
the cadaveric donor. Until recently, brain death in itself has
not been considered a significant risk factor in the prepreser-
vation period.4 The phenomena of brain death cause severe
and profound derangements of the hemodynamic and en-
docrine systems as well as striking structural changes in the
organs themselves. This chain of events may set the stage for
the activation of various pathways at the cellular level,
thereby triggering mechanisms of injury that may lead to in-
creased immunogenicity and magnify preservation and reper-
fusion injuries.

Ischemic Injury

The current clinical methods used to preserve organs for ex
vivo transport and later implantation in a suitable recipient
are based on the suppression of metabolism by hypothermia
at the time of removal from the donor. Organs are made tol-
erant to hypothermia by removing blood and replacing it with
solutions designed to limit the physiological consequences of



hypothermic preservation. In addition to cellular injury sus-
tained during hypothermia, there are also organ-specific
homeostatic mechanisms that are perturbed in ways that
prime them for augmentation of injury during reperfusion.
Hypothermia decreases the cellular metabolic rate and the
rate at which cellular enzyme systems function. When the
temperature is decreased from normothermia, 37°C, to 0° to
4°C, there is a 12- to 13-fold decrease in metabolism.5 Cel-
lular metabolism in the cold, however, does not cease com-
pletely.

Although hypothermia is essential to organ preservation,
residual cellular energy requirements exceed the capacity of
the cell to generate energy from anaerobic metabolism; this
in turn leads to decreased intracellular energy, ATP, and
adenosine diphosphate (ADP) levels as demonstrated in sev-
eral laboratory models.6 In clinical transplantation, the pe-
riod of warm ischemia during implantation may lead to fur-
ther decrease in intragraft ATP, which is thought to be a
marker of graft viability. Thus, one mechanism of ischemic
hypothermic injury in all cells is the loss of mitochondrial
respiration and the resulting depletion in ATP.7

As a consequence of the energy debt created during hy-
pothermic conditions, several other intracellular events oc-
cur. Due to the use of anaerobic metabolism, there is an 
increase in intracellular acidosis secondary to lactate accu-
mulation. The result of this acidosis, however, is unclear. Af-
ter a critical period of ischemia, reperfusion precipitates irre-
versible injury. Reperfusion injury to several cell lines and
experimental models was precipitated by a rapid return to
physiological pH, the phenomenon described as a “pH para-
dox.” In this paradox, the cell injury and death are not from
the acidosis caused by anaerobic metabolism but rather from
the rapid return to normal pH during reperfusion.8

Another mechanism of cell injury in the cold is cell
swelling. This is caused by inhibition of Na�/K�-ATPase in
hypothermic conditions, resulting in intracellular accumula-
tion of Na�. This in turn leads to influx of Cl� while K� ex-
its the cell. With the decrease of the osmotic effect of the in-
tracellular ions, there is an influx of water and resulting cell
swelling.9

Finally, based on theory and pharmacological intervention
studies, it was initially hypothesized that reactive oxygen in-
termediates played a large role in the initial cellular injury
that occurred at the time of reperfusion.7 Nonetheless, fur-
ther and recent investigations into this phenomenon have
failed to prove that reactive oxygen intermediates play a large
role in cellular injury.10,11

Preservation Solution

Successful ex vivo transport and reimplantation of graft or-
gans is dependent upon the ability of the graft to survive 
hypothermic preservation. As such, preservation strategies
have sought to optimize the components of the original cold
storage Collins and Euro-Collins solutions. Based upon basic
knowledge about hypothermic cellular injury, Belzer and
Southard described the characteristics of the ideal preserva-
tion solution5: (1) it must contain substrates to regenerate
high-energy phosphate compounds; (2) it must have an alka-
line pH to counteract acidosis; (3) it must contain materials
to prevent injury from reactive oxygen intermediates; and 

(4) it must minimize cell swelling in hypothermic conditions.
As a consequence, University of Wisconsin (UW) solution
contains several agents thought to facilitate storage of the
liver, pancreas, and other organs such as heart and lung (Table
47.1). It is also the only solution that is effective for prolonged
preservation of isolated transplantable cells such as pancre-
atic islet cells.12–14

Reperfusion Injury

During the ischemic phase of the injury, particularly in the
liver, some cells are more sensitive to injury than others. The
key to limiting the degree of preservation injury to cells is to
restore normal physiological blood flow as soon as possible,
that is, to limit the duration of hypothermic and normother-
mic ischemia (see Table 47.2 for optimal cold ischemia times
for specific organs). The mechanism of reperfusion injury is
multifactorial and not completely mechanistically defined,
but it revolves around activation of specific cell types (e.g.
neutrophils), expression of certain cell markers (especially cell
adhesion molecules), increased production of specific cell me-
diators (such as TNF-�, IL-1, and interferon-�), microvascu-
lar perfusion failure (both obstructive and regulatory), and pro-
grammed cell death (apoptosis). Mechanisms of cell death are
diagrammed in Figure 47.1.
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TABLE 47.1. Components of University of Wisconsin Solution.

Component Amount (mmol/l)

KH2PO4 25
MgSO4 5
Raffinose 30
Pentafraction (HES) 50 (g/l)
Penicillin 200,000 U/l
Insulin 40 U/l
Dexamethasone 16 (mg/dl)
K Lactobionate 100
GSH 3
Adenosine 5
Allopurinol 1
Na 25
K 125

GSH, glutathione; HES, hydroxyethyl starch.

TABLE 47.2.

Optimal Cold Ischemia Time for Different Organs
Based on Level of Evidence.

Cold ischemia
Organ time (in UW) Evidence

Kidney �24 h II79

Kidney/pancreas �21 h II80

Liver �12 h II81

Lungs 4–6 h I82,83

Heart 4 h I84

Source: Adapted from Pita (1997),15 Stratta (1997),16 Klar (1998),17 Serrick
(1998),18 Binns (1996),19 and Schmid (1997).20



Prevention of Ischemia Reperfusion Injury

As discussed, preservation injury is the result of combined ef-
fects of brain death and cold and warm ischemia as well as
reperfusion. There is no one single event that has yet been iden-
tified as more critical than any other, thus limiting focused at-
tempts at attenuating the entire process. It is clear that preser-
vation injury can be obviated or significantly limited by using
living donors or limiting storage times. Specific donor quali-
ties, reactive oxygen intermediates, soluble mediators of in-
flammation, specific cell types, or preconditioning may be ma-
nipulated to hinder or prevent preservation injury (Fig. 47.1).
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Kidney Transplantation 
and Dialysis Access

Stuart J. Knechtle

In the United States, more than 200,000 patients undergo
dialysis and 70,000 patients have functioning kidney
transplants.1 The prevalence of end-stage renal disease

(ESRD) is increasing at 7% to 9% annually, making it likely
that more than 350,000 patients with ESRD will be cared for
in the United States by the year 2010. The annual incidence
of ESRD is 242 cases per million population, although Blacks
have a disproportionately high incidence (758 per million pop-
ulation per year) as compared with Whites (180 per million
population per year).1 Diabetes accounts for 35% of newly di-
agnosed cases of ESRD, making it the most common cause
of renal failure, followed by hypertension (30%). Other causes
of ESRD include glomerulopathy, cystic and interstitial renal
disease, and obstructive uropathy.

The average annual mortality from ESRD is 25% among
patients being treated with dialysis.1 This death rate is 25%
to 50% higher than in Japan and Europe,2 perhaps due to ac-
ceptance of older patients with more coexisting conditions
for dialysis in the United States. The 1-year mortality of re-
nal transplant patients is 6% for cadaveric recipients and 3%
for living-donor kidney recipients. With both dialysis and
transplantation, deaths are primarily caused by cardiovascu-
lar disease (50%), infection (15%), and malignancy (10%).3,4

Should Patients Be Dialyzed or Transplanted?

In patients with known renal disease in whom end-stage re-
nal failure gradually approaches, there is time to anticipate
and plan renal replacement therapy. If such a patient is for-
tunate to have a living donor, a renal transplant can be
planned to occur when the recipient’s renal failure reaches
the critical point at which replacement therapy is necessary
to control fluid volume or potassium. Such is the ideal set-
ting, where transplantation occurs as primary treatment with-
out the need for dialysis and where the availability of a liv-
ing donor removes the indefinite waiting period for a
cadaveric donor. It is necessary to wait until the serum cre-
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atinine is at least 3 mg/dl to be able to monitor kidney trans-
plant function. The relative proportion of patients with renal
failure proceeding directly to renal transplantation without
dialysis has varied over time at the University of Wisconsin
but averages 39% for recipients of living-donor kidneys and
12% for cadaveric recipients. Early referral for transplanta-
tion is largely responsible for this shift and is to be encour-
aged. Increasing reliance on living donation is also responsi-
ble and to be encouraged. Factors influencing waiting time
for cadaveric renal transplantation include the patient’s blood
type (with B blood type waiting the longest), panel reactive
antibody (PRA), the rate of cadaveric organ donation, and the
size of the waiting list. PRA measures recipient sensitization;
the higher the PRA, the more difficult it is to locate im-
munologically compatible donors. A previous transplant,
blood transfusion, or pregnancy may lead to allosensitization,
raising the PRA. Often, patients initially present in end-stage
renal failure and must begin renal replacement therapy im-
mediately. Hemodialysis or peritoneal dialysis can be started
immediately and can be used as either definitive therapy
when appropriate or as a bridge to cadaveric or living-donor
renal transplantation. Patients with contraindications to re-
nal transplantation (Table 48.1) are treated with dialysis.

Prospective studies comparing the costs, quality of life, and
the expected length of life of patients on hemodialysis, peri-
toneal dialysis, and with renal transplants have been done5–8

and serve as the basis of the following conclusions: quality of
life with a renal transplant is superior to quality of life on peri-
toneal dialysis which in turn is superior to quality of life on
hemodialysis. Despite the greater initial cost of renal trans-
plantation compared to dialysis, cost-effectiveness studies have
shown that if the renal transplant functions for at least 2.5
years, the transplant becomes less expensive than dialysis.7

Patient survival rates can be compared between he-
modialysis, peritoneal dialysis, and renal transplantation over-
all as well as by specific disease etiology. On average, the an-
nual mortality among patients being treated with dialysis is
nearly 25%1 but depends on disease etiology. Diabetics with



TABLE 48.1. Contraindications to Renal Transplantation.

Cancer present
Active infection
Severe liver disease
Severe lung disease
Severe heart disease
Noncompliance with medical therapy
Active alcohol or substance abuse
Advanced systemic disease (amyloidosis, hemochromatosis)
Advanced age (relative)
Severe obesity (relative)

renal failure who are treated with dialysis have a 2-year sur-
vival of 30% while those treated with renal transplantation
have a 2-year survival of 70%. Figure 48.1 shows comparative
survival rates for all ESRD patients and patients treated with
cadaveric and living-related renal transplantation. There is a
clear benefit of renal transplantation when measured by sur-
vival. ESRD patients who are waiting for a suitable living
donor or cadaver donor kidney or who have a contraindication
to transplantation are maintained with dialysis.

What Type of Dialysis Access Is Best?

Vascular Access

The subcutaneous arteriovenous fistula described by Brescia
and Cimino provides the most successful long-term vascular
access for chronic hemodialysis. Subsequent developments
have included saphenous vein grafts, bovine grafts, and ex-
panded polytetrafluoroethylene (PTFE) grafts. Because of their
availability and durability, PTFE grafts have been adopted as
the standard prosthetic material when a Cimino fistula is not
technically feasible.

Angioaccess for Hemodialysis

An estimated 2% to 5% of patients hospitalized develop acute
renal failure, which most often resolves.9 The mortality in
critically ill patients with acute renal failure remains high, at
40% to 70%.10 Such patients may require renal replacement
therapy, either with hemodialysis or with continuous thera-

pies such as slow continuous ultrafiltration or continuous ven-
ovenous hemofiltration or continuous venovenous hemodial-
filtration. Temporary dialysis access for replacement therapy
of this nature can be provided by percutaneous catheters,
which are typically placed in the femoral, subclavian, or in-
ternal jugular veins. These double-lumen dialysis catheters al-
low blood to be withdrawn from a proximal port and reinfused
through a distal port such that admixture of blood from these
two ports is minimized. Placement of these dialysis catheters
follows the principles of central catheter placement and cur-
rently depends on the use of a modified Seldinger technique.

Arteriovenous Fistulas

BRESCIA–CIMINO FISTULA

Successful long-term hemodialysis is best achieved using a
primary AV fistula, which has a 3-year patency rate of 70%.11

The Cimino fistula utilizing autologous vein and artery has
a low complication rate relative to fistulas involving pros-
thetic material (Table 48.2).12 The principal limitation of a
Cimino fistula is that many patients, especially those with
chronic illness, have had numerous percutaneous venous
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FIGURE 48.1.  Death rates based on adjusted Kaplan–Meier estimates,
by modality and year of ESRD incidence or of transplantation. Cal-
culation of death rates starts at day 91 following onset of ESRD for
dialysis patients and continues through 1 year plus 90 days (censored
at first transplant), and starts on the day of transplant for transplanted
patients. For each category (dialysis, all ESRD, cadaveric transplant,
living-related transplant), death rates are adjusted by age, race, sex,
and primary cause of ESRD (diabetes, hypertension, glomeru-
lonephritis, other) to the distribution of the corresponding category
of the 1994 incident cohort (level II evidence).1

TABLE 48.2.

Vascular Access for Hemodialysis Complication-Free Function (Level III Evidence).

Time since implant Cimino-Brescia Bovine heterograft Gore-Tex vascular 
(years) (%) (%) graft (%)

1 88 54 61
2 77 30 37
3 67 16 22
4 59 9 14
5 51 5 8

Based on assumption of exponential distribution of interval between two complications.

Source: Mehta (1991).12



catheters and blood draws and do not have a patent cephalic
vein. In addition, some cephalic veins are of inadequate size
to permit enough flow for technically successful hemodialy-
sis. The radial artery to cephalic vein side-to-side or end-to-
side anastomosis is the optimal choice because the limited
size of the radial artery limits flow such that high-output car-
diac failure is not a problem. This fistula requires 4 to 6 weeks
to mature, meaning that the cephalic vein enlarges, thickens,
or arterializes, permitting safe cannulation. The more proxi-
mal fistula between the brachial artery and basilic or cephalic
vein may develop into such a high-flow fistula that high-
output cardiac failure develops, requiring fistula takedown.

PTFE GRAFTS

For patients with a brachial artery or cephalic vein inadequate
to permit placement of a Cimino fistula, a forearm loop PTFE
graft is the next best choice. A PTFE graft 6 mm in diameter
is used because adequate flow is achieved with this diameter
and high-output cardiac failure is not a risk. Other locations
for a PTFE graft are the upper arm and the thigh. Complica-
tions of PTFE graft placement include edema of the involved
limb and a higher thrombosis and infection rate compared to
autologous AV fistulas. In addition, patients with peripheral
vascular disease, most typically diabetics, the elderly, and
smokers, may develop a significant arterial steal syndrome
from a PTFE graft.

Peritoneal Dialysis: Surgical Aspects

Approximately 10% of patients with end-stage renal failure are
on peritoneal dialysis,1 which provides a better quality of life
relative to hemodialysis, although relatively less efficient dial-
ysis. Patients must be able to care for their dialysis catheter ad-
equately and to perform the exchanges themselves or with avail-
able assistance. Catheter insertion can be performed under local
anesthesia using either an infraumbilical or supraumbilical in-
cision, inserting the catheter into the pelvis, and tunneling the
catheter subcutaneously to an exit site on the abdominal wall.

Patients who develop catheter sepsis can be treated with an-
tibiotics, both systemically and through the peritoneal dialysis
(PD) catheter; however, fungal catheter infections and bacterial
infections not responsive to antibiotics generally require
catheter removal. Culturing of enteric organisms, especially
more than one enteric organism, should raise suspicion of per-
foration of the GI tract.

Renal Transplantation

Patient Selection

Because of increasingly successful outcomes in renal trans-
plantation, indications have expanded continually and the av-
erage age of renal transplant recipients has risen progressively.
Patients interested in pursuing renal transplantation should be
screened appropriately for coronary artery disease because re-
nal failure itself, as well as hypertension, hyperlipidemia,
smoking, and family history of heart disease, is a risk factor
for accelerated coronary atherosclerosis. A high proportion of
patients in renal failure have multiple risk factors. Noninva-
sive screening using thallium stress tests are generally satis-
factory, reserving cardiac catheterization for patients with 
positive findings by radionuclide imaging. Careful attention
should be paid to addressing cardiac risk factors because car-
diovascular disease accounts for the vast majority of deaths
following renal transplantation. Coronary angioplasty or revas-
cularization may be appropriate before renal transplantation.

Frequently patients are referred with renal failure of un-
known etiology. While a biopsy is in some instances per-
formed, it is only helpful if the patient’s underlying disease
carries a significant risk of recurrence in the transplanted kid-
ney. This risk should be explained to the patient as well as
their potential living donor. Table 48.3 lists the diseases that
recur most commonly following renal transplantation.13

Bilateral native nephrectomy is not indicated in most pa-
tients undergoing renal transplantation and is not helpful from
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TABLE 48.3. Recurrent Diseases in the Kidney Transplant.

Systemic diseases Primary renal diseases

Systemic lupus erythematosus Focal and segmental glomerulosclerosis
Hemolytic uremic syndrome IgA nephropathy
Schönlein–Henoch purpura Membranoproliferative glomerulonephritis type I
Diabetes mellitus Membranoproliferative glomerulonephritis type II
Monoclonal gammopathies and mixed Membranous glomerulonephritis
cryoglobulinemia Anti-GBM disease

Essential mixed cryoglobulinemia
Multiple myeloma
Waldenström macroglobulinemia
Light-chain deposition disease
Fibrillary glomerulonephritis

Wegener granulomatosis
Primary hyperoxaluria type I
Cystinosis
Fabry disease
Sickle cell disease
Systemic sclerosis (scleroderma)
Alport syndrome

Source: Ramos et al. (1994).13



an immunological standpoint.14 Appropriate indications for bi-
lateral native nephrectomy include recurrent pyelonephritis
with significant risk of infection post transplantation; poly-
cystic kidney disease with significant hematuria, pain, or in-
fected cysts; or a mass in the kidney suspicious of malignancy.

PATIENTS WITH MALIGNANCY

Because immunosuppression favors the development and re-
currence of malignancies, patients with solid tumors are gen-
erally not transplanted unless they are free of disease at least
2 years following curative surgical excision.

INFECTION

Patients with infections of any kind should have the infec-
tion treated completely before undergoing renal transplanta-
tion. Patients with recurrent antibiotic-resistant urinary tract
infections and reflux with or without chronic pyelonephritis
should be considered for pretransplant bilateral native
nephrectomy.

COMPLIANCE

Noncompliance with drug therapy, blood draws for lab test-
ing, or follow-up visits is likely to lead to failure of a renal
transplant whether it is due to financial or nonfinancial rea-
sons. Therefore, pretransplant assessment of compliance is
crucial, although admittedly difficult. Patients who have lost
a renal transplant as a result of noncompliance and who re-
quest retransplantation must be carefully screened. Often a
period of several months of hemodialysis convinces them to
remain compliant the second time.

Immunological Considerations

TISSUE TYPING

All patients being considered for renal transplantation un-
dergo tissue typing to determine their HLA class I and class
II types. Because acute rejection is mediated predominantly
by T lymphocytes, which recognize MHC class I and II, it is
logical and compelling to optimize the matching of MHC
antigens between donor and recipient.15 Because of the sub-
stantial polymorphism of HLA (the human MHC) and be-
cause of the significant impact of HLA matching on renal
transplant outcome, HLA typing is one criterion for donor–
recipient selection.16

ANTIDONOR ANTIBODY

Before performing a renal transplant, recipient serum is tested
against donor lymphocytes to assess the presence of preformed
antidonor antibody. Termed a crossmatch test, this can be done
either by using a standard NIH method or by flow cytometry.
Renal transplantation in the setting of a positive crossmatch
test is contraindicated because the risk of hyperacute rejection
is greater than 85%.17,18 The risk of hyperacute rejection in the
setting of a negative T-cell crossmatch is close to 0%.

ABO MATCHING

A donor–recipient pair must be ABO compatible. Otherwise,
hyperacute rejection mediated by complement-fixing pre-
formed natural antibody is very likely.

Procurement and Preservation of Cadaver Kidneys

Any patient who has been declared brain dead or is to be with-
drawn from life support is a potential multiorgan (including
kidney) donor. Brain death is defined as complete and irre-
versible loss of all brain and brainstem function and presents
clinically as apnea, brainstem areflexia, and cerebral unre-
sponsiveness. Table 48.4 lists criteria for brain death.19

Evaluation of a potential kidney donor includes obtaining
history on the mechanism of death, length of time during car-
diac and/or pulmonary arrest, duration of hypotension, vaso-
pressor use, and donor social and medical history. Laboratory
evaluation includes serum creatinine, BUN, electrolytes, he-
moglobin, WBC, arterial blood gas, urinalysis, prothrombin
time/partial thromboplastin time, ABO typing, and viral
screening including hepatitis B, hepatitis C, HIV, HTLV-1,
and CMV. Table 48.5 lists contraindications to cadaveric kid-
ney donation.19

USE OF THE MARGINAL DONOR

Table 48.6 summarizes the number of patients awaiting ca-
daveric renal transplantation, the number of cadaveric donors,
the number of kidneys recovered from these donors, and the
number of kidneys transplanted in the United States in 1996.20

The distribution of waiting times for cadaveric renal trans-
plants is listed in Table 48.7.20 Because only about one-fourth
of patients on the waiting list are transplanted each year, there
continues to be an interest in expanding the donor pool to make
kidney transplantation available to more needy recipients. In-
creasing experience with marginal donors who do not meet one
of the relative contraindications listed in Table 48.5 suggests
that these kidneys ultimately function well.19 Marginal donors
may include those with glomerulosclerosis less than 15%, non-
beating hearts, or elevated serum creatinine levels.

Donor Management

Following declaration of brain death, it is crucial for the donor
to receive appropriate medical management to optimize suc-
cessful organ recovery. Increased intracranial pressure follow-
ing head injury or cerebrovascular accident results in a mas-
sive catecholamine release in an effort to compensate for
cerebral ischemia by increasing systemic pressure.21 However,
after the brain becomes necrotic, catecholamine levels drop to
less than 10% of baseline within hours.22 Such patients have
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TABLE 48.4. Criteria for Brain Death.

Prerequisite
All appropriate diagnostic and therapeutic procedures have 
been performed, and the patient’s condition is irreversible. 
The patient is free of sedative drugs or hypothermia.

Criteria (to be present for 30 min at least 6 h after the onset of
coma and apnea)

1. Coma
2. Apnea (no spontaneous respirations)
3. Absent cephalic reflexes (pupillary, corneal, oculoauditory,

oculovestibular, oculocephalic, cough, pharyngeal, and 
swallowing)

Confirmatory tests
Absence of cerebral blood flow by radionuclide brain scan
Absence of electrical activity by electroencephalogram

Source: Van der Werf et al. (1998).19



often been managed by a strategy of dehydration to minimize
brain edema. These factors in combination often result in a
hemodynamically unstable donor who is vasodilated. Most
brain-dead donors also develop diabetes insipidus, which ex-
acerbates hypovolemia. Diabetes insipidus is managed by re-
placing urine output (ml/ml) with hypotonic crystalloid solu-
tion. When urine output exceeds 200 ml/h, vasopressin
(Pitressin) is administered at a dose of 40 units/l at 120 ml/h
for 15 min and repeated every 4 h. Alternatively, desmopressin
(DDAVP) can be given at a dose of 1 to 2 �g every 8 h.

It is important to maintain the donor’s body temperature.
Systolic blood pressures are maintained above 100 mmHg us-
ing blood or crystalloid resuscitation as appropriate to main-
tain a hematocrit of 25% to 30%. Dopamine, norepinephrine,
phenylephrine, and epinephrine infusions may be necessary.
In summary, the goal of preoperative and intraoperative donor
management is to maintain adequate intravascular volume,
tissue oxygenation, and normothermia.

Donor Nephrectomy

Donor nephrectomy involves adequate mobilization of the or-
gan, ureter, and associated vasculature. Donors are given hep-
arin and phentolamine prior to eventual vascular division and
flushing of the organ with University of Wisconsin (UW) stor-
age solution. The kidney is kept on ice once it has been re-
moved.

Recipient Operation

Regardless of the source of the donor kidney, the preferred
site for implantation of the kidney in the recipient is the right
pelvis, heterotopically implanting the kidney on the right-
sided iliac vessels. The right is preferable to the left because

the iliac vein is more superficial, but some surgeons place a
right kidney on the left and a left kidney on the right to keep
the renal pelvis anterior to the renal vessels should the pelvis
need to be accessed. The peritoneum is reflected medially
and the common, external, and internal iliac artery and vein
are exposed. The donor renal vein is anastomosed end-to-side
to either the right external iliac vein, common iliac vein, or
inferior vena cava. The donor renal artery is anastomosed
end-to-side to the right common or external iliac artery. An
alternative is to anastomose the renal artery end-to-end to
the divided internal iliac artery. Following completion of the
vascular anastomoses, the kidney is reperfused. The ureter is
then anastomosed to the bladder. Figure 48.2 shows the com-
pleted kidney transplant procedure. The patient may be 
administered furosemide (100 mg) and mannitol (12.5 g) to
encourage diuresis. However, if no diuresis ensues, intraop-
erative and postoperative management is aimed at maintain-
ing euvolemia, an adequate hemoglobin concentration, nor-
mal blood pressure, and good oxygen delivery. Primary
nonfunction resulting from donor factors, preservation injury,
or recipient immune response will not respond to diuretics.
Patients with initial good function following renal trans-
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TABLE 48.5. Absolute and Relative Contraindications to Cadaveric
Kidney Donation.

Absolute Relative

Malignancy outside central nervous Age �60 year
system

Prolonged warm ischemia Age �6 years
Long-standing hypertension Mild hypertension
Hepatitis B surface antigen Hepatitis C virus
Sepsis Prolonged cold ischemia
Intravenous drug abuse Acute tubular necrosis
Human immunodeficiency virus Donor diabetes

Source: Van der Werf et al. (1998).19

TABLE 48.6.

Cadaveric Kidneys Transplanted in the United States,
1996 (Level II Evidence).

Number of kidneys recovered 10,017
Number of kidneys transplanted 8,782 (88% utilization of 

recovered kidneys)
Number of cadaver donors 5,417
Number of patients awaiting kidney 34,646

Source: U.S. Scientific Registry (1997).20

TABLE 48.7.

Waiting Times for Cadaveric Renal Transplantation,
1996 (Level III Evidence).

Time N Percent (%)

0–6 months 7,757 22.4
6–12 months 6,385 18.4
1–2 years 8,783 25.4
2–3 years 5,026 14.5
3–5 years 4,279 12.4
5–9 years 1,876 5.4
�9 years 540 1.6

Total 34,646

Source: U.S. Scientific Registry (1997).20

FIGURE 48.2.  Completed kidney transplant procedure showing vas-
cular anastomoses to iliac vessels and ureteroneocystostomy.



plantation have a better outcome than patients who experi-
ence ATN and require dialysis posttransplant.16 A native
nephrectomy is generally not performed at the time of renal
transplantation.

Postoperative Complications and 
Their Management

THROMBOSIS

Renal artery or renal vein thromboses are rare (�1% inci-
dence), but are devastating because they almost always result
in loss of the renal allograft as their recognition and treatment
with thrombectomy are generally not performed rapidly
enough (within an hour of occurrence). The diagnosis is made
by sudden drop in urine output and an ultrasound showing no
flow through the renal artery or vein. Alternatively, a ra-
dionuclide technetium-99/hippuran scan may demonstrate no
blood flow to the kidney. The patient should return to the op-
erating room for transplant nephrectomy because the acutely
thrombosed kidney will ultimately cause fever and systemic
illness unless removed. Thrombosis occurring years after kid-
ney transplantation as a result of gradual rejection is not clin-
ically apparent and does not require transplant nephrectomy.

URINE LEAK/OBSTRUCTION

A urine leak following renal transplantation presents with lo-
cal pain and tenderness over the kidney, falling urine output,
rise in creatinine, and an ultrasound showing a fluid collec-
tion around the kidney. Alternatively, a radionuclide scan
demonstrates extravasation of urine into the retroperi-
toneum. This complication should be managed surgically in
an urgent manner by opening the transplant incision and re-
pairing the leak. The diagnosis of urinary obstruction is made
most directly by ultrasound showing hydronephrosis. If the
cause of obstruction is bladder outlet obstruction or neuro-
genic bladder dysfunction, this should resolve with Foley
catheter placement and repetition of the renal transplant ul-
trasound 24 h later. If hydronephrosis persists despite de-
compression of the bladder with Foley catheter, a percuta-
neous nephrostomy tube can be placed in the renal pelvis by
an invasive radiologist. A Whitaker test may be performed 
by infusing saline through the nephrostomy tube and mea-
suring pressures. Pressures should be less than 12 cm H2O.
A ureterogram can be performed by injecting dye through the
nephrostomy tube to identify the site of obstruction. Short
strictures, most commonly at the site of the ureteroneocys-
tostomy, can be balloon dilated and stented using the percu-
taneous nephrostomy as access. However, longer strictures
are generally caused by ischemic injury of the transplant
ureter and consequent fibrosis and require surgical repair.

LYMPHOCELE

Because of the retroperitoneal dissection involved in the renal
transplant procedure, lymphatics in this area may be disrupted
and leak a significant amount of lymph into the potential space
surrounding the renal transplant. If such a fluid collection be-
comes substantial, it may compress the adjacent iliac vein,
causing leg edema, and ultimately compress the transplant
ureter, causing urinary obstruction. The diagnosis is made clin-

ically by a swollen leg on the side of the kidney transplant and
a rise in the serum creatinine. The diagnosis is confirmed by
ultrasound demonstrating a substantial (i.e., �4 cm in diame-
ter) fluid collection adjacent to the kidney with hydronephro-
sis. Although percutaneous drainage and injection of scleros-
ing agents have been attempted, these methods are generally
unsuccessful, and surgical repair is indicated.

ACUTE REJECTION/RUPTURED KIDNEY

Severe acute rejection may result in graft loss if it is unre-
sponsive to antirejection therapy. Severe acute rejection may
be manifested by a swollen tender kidney with marked en-
largement of the kidney by ultrasound. A severely swollen
kidney is at high risk for rupture, especially if percutaneously
biopsied. Therefore, ultrasound should be performed before
attempting to biopsy the kidney, and if it is markedly en-
larged, the biopsy should be aborted. A ruptured kidney is di-
agnosed clinically by a fall in the hematocrit and a tender en-
larged kidney. This is a surgical emergency and should be
managed by opening the transplant incision, evacuating
hematoma, and obtaining hemostasis by wrapping the kidney
in a material such as Surgicell. Remarkably, most of the kid-
neys do not need to be removed and can be salvaged by this
technique combined with antirejection therapy.

A severe acute rejection episode unresponsive to antire-
jection therapy may also progress to thrombosis of the kid-
ney; this can be diagnosed by radionuclide imaging study
showing absent blood flow to the kidney. Kidneys undergo-
ing severe acute rejection with graft loss in this manner
should be removed because the necrotic kidney will cause
systemic illness and fever.

RENAL ARTERY STENOSIS/PSEUDOSTENOSIS

Transplant renal artery stenosis can be diagnosed clinically
by extreme sensitivity to cyclosporine or FK506 therapy. Be-
cause these drugs cause constriction of the renal afferent ar-
teriole, when this occurs in series with a proximal renal artery
stenosis the patient’s creatinine may rise precipitously fol-
lowing cyclosporine or FK506 administration. Such patients
also commonly present with fluid retention, a rise in serum
creatinine, and worsening hypertension. The diagnosis re-
quires either a renal transplant arteriogram or a gadolinium
MRI. If the patient’s serum creatinine has not been chroni-
cally elevated (�3.0 mg/dl), this lesion is worth repairing
quickly to restore normal renal function.

Living Donor

Living donors are screened for overall health to assure that
they are at low risk for a general anesthetic and a major sur-
gical procedure. Second, they must have no evidence of risk
factors for renal failure such as hypertension, diabetes, or un-
derlying kidney disease. Serum BUN and creatinine are mea-
sured, although a glomerular filtration rate (GFR) test is not
routinely done. Urinalysis is checked to rule out proteinuria
or hematuria. Blood type compatibility, tissue typing, and
crossmatching are assessed. Finally, an arteriogram or a spiral
CT scan is performed to identify the vascular anatomy of the
kidneys and to assess for presence of multiple renal arteries.
The kidney with the least number of arteries is generally cho-
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sen for removal. The advantage of the spiral CT is that it also
screens for a renal parenchymal mass. Alternatively, an IVP
and arteriogram can be done to accurately delineate the vas-
cular anatomy and collecting system of the donor.

Donors are usually adults between the ages of 18 and 60
years, although older donors have been used successfully and
minors may be used as well. Although most donors have tra-
ditionally been blood relatives of the recipient, a substantial
number of living-unrelated renal transplants have been done.
Both open and laparoscopic donor nephrectomy techniques
have been used.

Medical Complications and Their Management

DIAGNOSIS OF RENAL DYSFUNCTION

Table 48.8 lists the differential diagnosis of renal transplant
dysfunction, dividing causes into early and late and subdi-
viding early complications into surgical (covered earlier) and
medical. Acute rejection is the most common cause of early
graft dysfunction. Its diagnosis can be accurately based on his-
tological evaluation of a needle biopsy. 

Although a successfully treated rejection episode may re-
sult in a return of the serum creatinine to baseline levels, pa-
tients who have one or more rejection episodes are at increased
risk of graft loss compared to patients without rejection.16 Re-
peated episodes of acute rejection appear to increase the risk
of chronic rejection. Initial good function of a kidney trans-
plant also favors a successful long-term outcome.16 Patients
who require dialysis posttransplant have poorer graft survival
compared to patients not dialyzed posttransplant.16

Urinary tract infection is the most common infection oc-
curring following renal transplantation and occasionally is ac-
companied by transplant pyelonephritis causing a rise in
serum creatinine. Hypovolemia may cause a rise in creati-
nine and can be related to dehydration from vomiting, diar-
rhea, or glucosuria in poorly controlled diabetics. Excessive
use of diuretics may also be responsible.

Cyclosporine nephrotoxicity results from vasoconstric-
tion of afferent arteriole of the kidney, which in turn leads to
hypertension. Acute cyclosporine toxicity, which is often as-

sociated with a trough level greater than 300 ng/dl in whole
blood is reversible with a reduction in cyclosporine dose.

Chronic rejection remains one of the unsolved problems
in renal transplantation. It is defined histologically by inter-
stitial fibrosis, neointimal hyperplasia with narrowing of the
arteriolar lumen, and a characteristic glomerulopathy with
reduplication of the glomerular basement membrane seen on
silver stain. There is no effective treatment for chronic re-
jection, and it generally leads to inexorable deterioration of
graft function. Its cause remains poorly defined but probably
includes specific and nonspecific immunological injury as
well as nonimmunological causes. Despite improvements in
immunosuppressive therapy over the past 25 years with a
marked reduction in graft loss due to acute rejection, there
has not been a coincident decline in the rate of chronic re-
jection of long-surviving renal allografts.16

Cardiovascular Disease

Fifty percent of deaths in renal transplant patients are caused
by cardiovascular disease, making it the most common cause
of death following transplantation.4 Transplant patients com-
monly have multiple risk factors for cardiovascular disease,
including hypertension, hyperlipidemia, and diabetes. Many
patients also have a smoking history and family history of
cardiovascular disease. Improving long-term patient survival
requires intensive management of cardiovascular factors.
Table 48.9 lists the advantages and disadvantages of anti-
hypertensive drugs in transplant recipients. Patients with 
difficult-to-control hypertension who are on three or more an-
tihypertensive drugs may benefit from native nephrectomy.

Hyperlipidemia

Posttransplant hyperlipidemia is manifested by increased or
unchanged triglyceride and high-density lipoprotein (HDL)
levels and by increased low-density lipoprotein (LDL) and to-
tal cholesterol levels.23 Patients treated with tacrolimus have
lower LDL and total cholesterol levels than patients treated
with cyclosporine. Pharmacological therapy of hyperlipi-
demia is problematic in renal transplant patients because of
potential side effects. Table 48.10 lists agents useful in man-
aging hyperlipidemia in renal transplant patients. Close mon-
itoring of side effects is necessary with these agents.

Infection

During the first month post transplant, infections are most
commonly of bacterial origin and related to urinary tract in-
fection, line sepsis, pneumonia, or wound infection. Between
30 and 90 days, fever not caused by bacterial infection is most
often due to CMV infection. Prophylaxis with acyclovir or
ganciclovir significantly reduces the incidence of posttrans-
plant CMV infection, and these drugs are used to effectively
treat infection as well.

Routine prophylaxis with trimethoprim-sulfamethoxa-
zole (TMP-SMX) has made Pneumocystis carinii infection
rare in transplant patients. Prophylaxis is continued for 1 year
after transplantation. After the first 6 months following suc-
cessful renal transplantation, opportunistic infections be-
come less likely.
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TABLE 48.8. Differential Diagnosis of Renal Transplant 
Dysfunction.

Surgical/mechanical Medical

Early Early
Lymphocele Acute rejection
Urine leak Ureteral obstruction
Renal artery stenosis Delayed graft function
Vascular thrombosis Acute cyclosporine/tacrolimus

nephrotoxicity
Prerenal/volume contraction
Drug toxicity
Infection
Recurrent disease

Late Late
Ureteral obstruction Acute or chronic rejection
Renal artery stenosis Cyclosporine nephrotoxicity, drug

toxicity
Volume contraction
Infection
De novo/recurrent disease



Malignancy

Skin cancers occur 100 times more commonly in renal trans-
plant patients compared to the general population because of
immunosuppressive therapy. Infection with papillomavirus
may be related, as is significant sun exposure. Infection with
Epstein–Barr virus (EBV) may lead to posttransplant lympho-
proliferative disease (PTLD), particularly in patients on high
doses of immunosuppressive drugs. PTLD presents with fever
and adenopathy with or without graft dysfunction. Success-
ful treatment requires early diagnosis based on EBV serolo-
gies and histological evaluation of lymphoid tissue and, most
recently, PCR-based DNA analysis. Withdrawal of immuno-
suppressive drugs is the most important step in therapy.

Kidney transplant patients do not appear to be at increased
risk for carcinomas of solid tissue.24

Outcomes

The United Network for Organ Sharing (UNOS) compiles the
national data on transplant statistics from U.S. centers. The
following results summarize national data for renal trans-
plantation.20

Table 48.11 lists 1-, 3-, and 5-year graft survival of cadaver-
donor kidney transplants and living-donor kidney transplants.
Both graft and patient survival are included. Apparent from
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TABLE 48.9. Advantages and Disadvantages of Antihypertensive Drugs in Transplant Recipients.

Class Advantages and indications Potential side effects

Diuretics Salt-sensitive hypertension Hyperuricemia
Adverse impact on lipids

Beta-blockers Large selection Adverse impact on lipids (some)
Selective agents preferred Relative contraindication in diabetes

and vascular disease
Alpha-blockers Young patients Postural hypotension (first dose)

Clonidine useful in diabetic patients Rebound hypertension with clonidine
Calcium channel Improve renal blood flow Verapamil and diltiazem increase

blockers May ameliorate cyclosporine cyclosporine levels
nephrotoxicity

Nifedipine/isradipine preferred
ACE inhibitors Native kidney hypertension May precipitate renal failure

Anemia with enalapril

TABLE 48.10. Pharmacological Agents Useful in Posttransplant Hyperlipidemia.

Drug Side effects Recommendations

Cholestyramine/colestipol Poor compliance Schedule doses 1–2 h after
May interfere with drug immunosuppressive therapy

absorption
Niacin Hepatotoxicity Monitor closely

Hyperuricemia Aspirin to prevent flushing
Hyperglycemia
Flushing

Gemfibrozil inhibitors Hepatotoxicity Do not use with HMG-CoA inhibitors
Myositis Monitor hepatic enzymes

HMG-CoA inhibitors Hepatotoxicity Do not use with gemfibrozil
Myositis Low dose preferred

1-year survival 3-year survival 5-year survival

N94–95 % SE N % SE % SE

Cadaveric donor
Graft survival 14,326 86.6 0.3 54,332 72.1 0.2 61.9 0.3
Patient survival 14,330 94.7 0.2 54,341 88.1 0.2 81.4 0.2

Living donor
Graft survival 5,606 93.3 0.3 18,428 85.2 0.3 77.4 0.4
Patient survival 5,610 97.9 0.2 18,434 94.7 0.2 91.2 0.3

Survival rates were computed using the Kaplan–Meier method.

Source: U.S. Scientific Registry (1997).20

TABLE 48.11.

Graft and Patient Survival Rates at 1, 3, and 5 Years (Level II Evidence).



these results is the substantial benefit of living-donor kidney
transplants compared to cadaver donor transplants.

Recipients who require dialysis within the first week post-
transplant had lower graft and patient survival rates at all
time points than those who did not require dialysis. Graft sur-
vival rates for the dialysis group were 80% at 1 year and 53%
at 5 years post transplant, compared with 91% at 1 year and
67% at 5 years post transplant for the nondialysis group.

In 1995, the 1-year graft survival rate for cadaver kid-
ney transplants was 87%; the 1-year patient survival rate
were 95%. Patient survival rates for recipients with diabetes
was lower at all time points than for recipients with any
other diagnosis. Cadaver kidney transplants with a zero
HLA-mismatch had the highest graft survival rates at all
time points.

The influence of race on renal transplant outcomes is
demonstrated by the relatively poorer graft survival among
Black recipients. Conversely, Asian recipients had better graft
survival rates than any other race.
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Pancreas 
Transplantation

Robert C. Harland

Diabetes mellitus is a systemic disease that currently
affects 6% of the population and ranks as the third
most common disease.1 For insulin-deficient (Type

1) diabetics, exogenous insulin administration is required
to avoid hyperglycemia and ketoacidosis. The progression
of some of the complications of diabetes can be slowed by
intensive control of hyperglycemia. Transplantation of a
vascularized pancreas allograft is currently the only ther-
apy that reliably establishes a euglycemic state without the
need for exogenous insulin therapy, normalizing the glyco-
sylated hemoglobin level in previously hyperglycemic type
I diabetics.

Anatomy and Physiology

The pancreas is a mixed exocrine and endocrine organ with
the majority of its mass composed of acinar cells that secrete
bicarbonate and digestive enzymes. Scattered throughout the
gland are 1 to 2 million endocrine cells in clusters called the
islets of Langerhans. These cells arise as part of the APUD
(amine precursor uptake and decarboxylation) system. Within
these clusters, beta cells provide insulin, alpha cells secrete
glucagon, and delta cells are a source of somatostatin. Addi-
tional cells located in islets secrete other hormones, includ-
ing pancreatic polypeptide, gastrin, and vasoactive intestinal
peptide.2 The ability to provide only the endocrine tissue for
a diabetic patient without the surrounding exocrine tissue is
attractive, but islet cell transplantation until recently, has
met with limited success. 

Recipient Selection

The initial challenge of clinical pancreas transplantation is
the selection of appropriate recipients. The rate of develop-
ment of diabetic complications is variable, as is their sever-
ity, making it difficult to discern which patients might ben-
efit from pancreas transplantation. At this point in time, the
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risks of the surgical procedure combined with the long-term
risk and cost of immunosuppressive medications has largely
limited the application of pancreas transplantation to those
patients with established secondary diabetic complications.
The most common of these is diabetic nephropathy, which
occurs in 40% to 50% of type I diabetics. The ability to treat
end-stage diabetic nephropathy with renal transplantation,
either before or simultaneously with pancreas transplanta-
tion, has resulted in most pancreas transplants’ (�90%) be-
ing performed in diabetics who have significant renal in-
volvement.3

The majority of these patients undergo simultaneous 
pancreas and kidney transplantation (SPK). Simultaneous
transplantation confers the economic benefits of only one
transplant procedure and the associated hospitalization.
Furthermore, the ability to detect (by monitoring the serum
creatinine) and diagnose (by renal biopsy) rejection easily
allows early antirejection therapy and reduces immunolog-
ical pancreas graft loss. Finally, the observation that pan-
creas graft survival is consistently better in SPK recipients
compared to recipients of pancreas transplants alone may
be due to the relatively immunosuppressed state induced
by uremia.4

An increasing number of type I diabetics with nephropa-
thy undergo pancreas transplantation at some time after suc-
cessful kidney transplantation.3 As more patients are listed
for SPK transplantation and waiting times increase, many pa-
tients with a suitable living donor may opt for immediate 
renal transplantation with a subsequent “pancreas after kid-
ney” (PAK) transplant. This strategy allows elective trans-
plantation utilizing a living donor kidney, with the benefit of
better immediate and long-term renal function. Monitoring
for pancreas transplant rejection can be more challenging in
PAK transplants, but improved immunosuppression and al-
ternative monitoring methods have led to graft survival that
is close to that seen in SPK transplant recipients.3

Currently, less than 5% of pancreas transplants are per-
formed in patients who have only mild renal impairment or
normal renal function. These pancreas transplant alone (PTA)



procedures are most often performed in patients with demon-
strated progressive secondary complications such as neuropa-
thy (autonomic and/or peripheral), proliferative retinopathy, or
early nephropathy (proteinuria with a serum creatinine clear-
ance �60) and labite glucose control.

Pretransplant Evaluation

The presence of a chronic systemic disease mandates a thor-
ough, multidisciplinary pretransplant evaluation of all po-
tential pancreas transplant recipients. This workup should in-
clude testing to document an insulin-deficient state, a
determination of the patient’s ability to withstand a major
operation, and an assessment of the social and psychological
state of the patient with attention to the potential for non-
compliance. Specific attention should be given to the cardio-
vascular evaluation, which should include routine noninva-
sive cardiac testing. Coronary angiography is performed for
indications such as symptomatic cardiac disease, a positive
smoking history, age over 45 years, duration of diabetes over
25 years, or a history of peripheral or cerebrovascular dis-
ease.5 The presence of coronary disease is not an absolute con-
traindication to transplantation, although revascularization
with angioplasty or coronary artery bypass grafting may 
first be required to safely undergo the transplant procedure.6

Cadaver Donor Selection, Preservation, 
and Preparation

Cadaver donors in the age range of 8 to 50 years without a his-
tory of diabetes or pancreatic trauma have generally been uti-
lized for pancreas transplantation. Simultaneous procurement
of the liver, kidneys, and other organs can occur in essentially
all donors despite vascular anomalies.7,8 En bloc procurement
of liver and pancreas with back-table dissection can avoid in
situ manipulation and assist in the identification of aberrant
anatomy to preserve the arterial blood supply of all trans-
planted organs. Preservation with an intra-arterial infusion of
University of Wisconsin (UW) solution (Viaspan®, Dupont) is
universally used in North America; this allows safe cold stor-
age for at least 24 h without compromise of graft function.9

Living Donor Versus Cadaveric Donor 
Pancreas Transplantation

Experience with living-donor, segmental pancreas transplan-
tation is largely limited to the University of Minnesota. While
the risk of immunological graft loss is less than that seen
with cadaver pancreas transplants, the incidence of graft loss
to thrombosis was much greater (18.5%) in living donor trans-
plants, most likely due to the segmental nature of the living
donor transplant with a relatively low blood flow. This, com-
bined with the potential morbidity for the donor (including a
risk of glucose intolerance), has limited the enthusiasm for
living-donor transplantation.10

Operative Procedure

Back-Table Preparation

Topical hypothermia is maintained in a bath of UW solu-
tion while the arterial supply of the pancreas is recon-

structed. Usually, a Y-graft of donor iliac artery is utilized
to join the superior mesenteric artery and the splenic artery
of the pancreas graft. The portal vein is generally left quite
short (1–2 cm) to avoid kinking and subsequent thrombosis.
The staple lines on the duodenum are oversewn, as are the
mesenteric vascular branches on the anterior surface of the
pancreas.

Systemic Venous Drainage Versus 
Portal Venous Drainage

The pancreas is usually transplanted in the right iliac fossa to
the mobilized iliac vein or inferior vena cava. The Y-graft of
donor iliac artery is anastomosed to the iliac artery (Fig. 49.1).
In this position the donor duodenum can easily be attached to
the bladder to drain the exocrine output of the pancreas.

More physiological insulin secretion might be observed
with venous outflow from the pancreas to the portal system.
To accomplish this, the portal vein of the transplanted pan-
creas is anastomosed to a branch of the superior mesenteric
vein inferior to the transverse mesocolon. Arterial inflow is
accomplished by attaching the iliac Y-graft to the iliac artery
or to the aorta (Fig. 49.2); this allows more physiological glu-
cose control, avoiding the hyperinsulinemia observed in sys-
temically drained transplants. The attachment of the venous
outflow of the pancreas to the portal system may also confer
an immunological advantage.

Bladder Drainage Versus Enteric Drainage 
of Exocrine Secretions

One of the significant milestones in successful pancreas trans-
plantation was the demonstration that outcome with bladder
drainage of the exocrine output of the pancreas was superior
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FIGURE 49.1.  Pancreas transplant in the right lower quadrant with
systemic venous drainage to the iliac vein and exocrine drainage via
duodenocystostomy.



to enteric drainage.11 This finding was attributed to a de-
creased risk of infection and the ability to monitor the pan-
creas transplant with urinary amylase secretion. Bladder-re-
lated complications, however, led to increased interest in
enteric drainage of the pancreatic secretions. Currently,
nearly half of pancreas transplants performed in the United
States utilize the enteric drainage technique, which also al-
lows the option of portal venous drainage of the transplant
with improved glucose control while avoiding hyperinsu-
linemia. There is no demonstrable difference in infection
rates or graft survival when data on the two methods are com-
pared in SPK recipients.

Immunosuppression

When comparing SPK transplant recipients to recipients of
kidney transplants alone, several series demonstrated a 
50% to 100% increase in the incidence of acute rejection
episodes.12,13 The use of either a polyclonal or monoclonal
anti-T-cell induction agent was shown to be effective in im-
proving the outcome of both the kidney and the pancreas
in such transplants, despite the increased rate of acute re-
jection.14 Incremental improvements in graft survival have
been observed with the introduction of newer, more potent
agents. This is especially true with the addition of my-
cophenolate mofetil to the immunosuppressive armamen-
tarium. Many centers now base therapy on the more potent
calcineurin agent, tacrolimus, even obviating the use of an
antilymphocyte induction agent. Clinical observations sug-
gest that even better results will be observed with the use
of IL-2 receptor-blocking agents. Both daclizumab and basil-
iximab have been effective in reducing the incidence of
acute rejection episodes in renal allotransplantation, and
trials using these agents in pancreas transplant recipients
are under way.

Complications

Graft Thrombosis

The most common cause of early graft loss is thrombosis,
which occurs in 5% to 19% of pancreas transplants.15

Thrombosis usually presents with a rise in the serum glu-
cose. The serum amylase may or may not be elevated. A nu-
clear medicine blood flow scan or Doppler ultrasonography
documents a lack of blood flow to the transplanted organ.
At reoperation, infarction of the pancreas is observed and re-
quires transplant pancreatectomy. In most centers aspirin
therapy is utilized as a preventive measure. Hemorrhagic
complications have been seen with routine use of more ag-
gressive anticoagulation.

Pancreatitis and Exocrine Leaks

Graft pancreatitis is observed in as many as one-third of re-
cipients and may be associated with prolonged preservation
times or an elevated serum amylase in the donor. The etiol-
ogy of pancreatitis may be related to preservation injury or
reflux of bladder contents. In severe cases, a picture very sim-
ilar to that seen in native pancreatitis can be seen, including
fever, hypovolemia, and renal dysfunction. Intraabdominal
fluid collections may develop and can lead to intraabdominal
abscesses.

Similarly, a leak of exocrine secretions from the trans-
planted duodenum or its anastomosis to either the bladder or
recipient intestine can lead to intraabdominal fluid collec-
tions that contain digestive enzymes. One or more abdomi-
nal explorations may be required if percutaneous drainage
does not result in rapid improvement.16 At exploration, at-
tempted repair of the leak and drainage of the area may be at-
tempted, but graft pancreatectomy is the most reliable way
of improving the patient’s health and should be applied early
in unstable patients or in those with significant intraabdom-
inal infection.

Rejection

Symptoms of pancreas transplant rejection can include fever
and graft tenderness. The serum amylase and lipase may be
elevated and, in bladder-drained transplants, urinary amylase
excretion will decrease. These findings are relatively sensi-
tive but are not very specific for rejection.

For those patients undergoing SPK, the best indicator of
rejection is evidence of renal dysfunction. In more than
75% of cases, rejection is observed in both the pancreas and
kidney transplanted from the same donor. Percutaneous
core biopsies and fine-needle aspiration of the pancreas
transplant, as well as transduodenal biopsies via the cysto-
scope, have all been performed and provide adequate tissue
on which to make therapeutic decisions.17

Treatment of acute rejection episodes consists of an ini-
tial trial of methylprednisolone boluses given for 3 to 5 days.
If the patient fails to have an adequate response, then treat-
ment with a monoclonal or polyclonal antilymphocyte agent,
is initiated and continued for 7 to 14 days. Most rejection
episodes can now be reversed without significant long-term
graft dysfunction.
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FIGURE 49.2.  Pancreas transplant with venous drainage to the por-
tal system via the superior mesenteric vein and enteric drainage of
exocrine secretions to a Roux-en-Y limb of jejunum.



Recurrence of Autoimmune Islet Destruction

The universal use of immunosuppression for allografts ex-
plains why recurrence of diabetes has not been observed in
patients receiving pancreatic allografts.

Urological Complications

A wide variety of urological complications are observed fol-
lowing bladder-drained pancreas transplantation. These in-
clude hematuria, urinary tract infections, leak from the 
duodenocystostomy, urethritis, urethral strictures, and dis-
ruptions.

The majority of these complications can be treated con-
servatively with bladder catheter drainage and appropriate
medical care. Persistent or recurrent symptoms should be
treated with operation, usually conversion from bladder
drainage to enteric drainage. This may be done relatively early
following transplantation to treat a leak from the bladder with
a reasonable assurance of graft salvage. Overall, 10% to 30%
of patients with a bladder-drained pancreas transplant require
conversion to enteric drainage at some point following trans-
plantation.3

Outcome

Patient and Pancreas Graft Survival

The International Pancreas Transplant Registry (IPTR) has
collected results of clinical pancreas transplantation. Im-
proved graft survival has been seen over the past decade in
U.S. transplants reported to the IPTR. The ability to promptly
detect rejection in the transplanted kidney and the additional
immunosuppression of the uremic state have both been uti-
lized as explanations why SPK recipients enjoy better graft
survival than PAK or PTA recipients (Table 49.1). Bladder
drainage of exocrine secretions from the pancreatic allograft
was associated with better graft survival in all categories of
pancreas transplants in the past.18 The most recent era, how-
ever, demonstrates no significant difference in graft survival
whether bladder drainage or enteric drainage is initially per-
formed. For solitary pancreas transplants, however, there may
still be a deleterious effect of enteric drainage, at least in the
PAK category. The majority of this difference appears to be
due to a higher incidence of technical failures, especially graft
thrombosis, in enteric-drained transplants.

The type of maintenance immunosuppression also influ-
ences graft outcome with improved graft survival seen with
the use of one or both of the newer immunosuppressive agents
(mycophenolate mofetil, tacrolimus). This is observed in all
categories of pancreas transplants. Recipient age has an effect
on patient, pancreas, and kidney graft survival in SPK recip-
ients, with older (�45 years) patients experiencing lower sur-
vival rates at 1 year. This effect is not observed in PAK or
PTA recipients, perhaps because of the restriction of these
more “elective” transplants to healthier diabetics with fewer
comorbidities.

The beneficial effect of a very well matched donor–recip-
ient combination has been demonstrated in pancreas trans-
plantation as in kidney transplantation.

Benefits of Pancreas Transplantation

PROTECTION FROM NEPHROPATHY

Diabetics who are recipients of a functioning renal allograft
eventually develop recurrent diabetic nephropathy, which can
be observed histologically as early as 18 months following
transplantation. The subsequent performance of a successful
pancreas transplant can reverse or prevent this finding.19,20

DIABETIC NEUROPATHY

Both peripheral and autonomic neuropathy have consistently
shown improvement following pancreas transplantation, as
has been documented by nerve conduction studies,21 car-
diorespiratory reflexes, and studies of gastric emptying.

RETINOPATHY

Many of the diabetics who undergo pancreas transplantation
have severe visual impairments, making it difficult to assess
the beneficial effect of transplantation. Short-term studies
have shown no significant improvement in diabetic retinop-
athy in patients who undergo transplantation.22 In the pres-
ence of a long-term functioning pancreas allograft, however,
retinopathy tended to stabilize, while continued deterioration
in vision was observed in patients whose grafts had failed.23

QUALITY OF LIFE

Kidney transplantation alone or in combination with pancreas
transplantation has been shown to provide an improved qual-
ity of life for recipients as measured by the patients.24

Islet Cell Transplantation

Only a small percentage of the cells comprising the pancreas
(the islets of Langerhans) are necessary for glucose homeo-
stasis. The remainder of the tissue is composed of exocrine
tissue that not only provides little useful function in the di-
abetic recipient, but also is responsible for many of the seri-
ous complications of pancreas transplantation. The ability to
transplant only the cellular elements providing endocrine
function is therefore attractive and has been the focus of in-
tense research efforts for more than 30 years. Successful islet
transplantation would decrease the morbidity of transplanta-
tion, potentially increasing the number of patients who might
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TABLE 49.1.

Outcome of U.S. Cadaveric Pancreas Transplants 
Performed between January 1, 1994, and 
November 1, 1998, According to Type of Transplant.

Patient survival Pancreas graft
(%) survival (%)

Type of transplant 1 year 3 year 1 year 3 year

Simultaneous pancreas-kidney 94 90 83 78
Pancreas after kidney 95 88 71 55
Pancreas transplant alone 95 94 64 52

Source: International Pancreas Transplant Registry (IPTR) Department of
Surgery, University of Minnesota, Minneapolis, MN.



benefit from this method of therapy. Recent success with islet
transplantation has been seen with newer immunosuppres-
sive regimens and transplantation of islets from more than
one donor.25
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Liver Transplantation

Indications, Contraindications, and Timing

GENERAL INDICATIONS

Liver transplantation is indicated in children and adults who
develop acute fulminant liver failure or chronic, advanced, ir-
reversible liver disease after alternative medical and surgical
treatments have been exhausted and the patients are ap-
proaching the terminal phase of their illness. More specifi-
cally, liver transplantation is indicated when (1) the patient
has end-stage liver disease with a life expectancy of 12 months
or less and currently has no medical or surgical alternatives
to a liver transplant; (2) the expected mortality of the patient’s
liver disease is greater than the expected mortality of liver
transplantation; (3) the patient has a high likelihood for a suc-
cessful outcome with an improved quality of life; (4) the pa-
tient and the family are capable of understanding the indica-
tions, potential benefits, risks, and potential complications of
liver transplantation; and (5) the patient is believed to be com-
pliant and able to adhere to the follow-up medical regimen,
including taking medications indefinitely.

Specific disease indications for liver transplantation include
alcoholic liver disease, chronic active hepatitis (B, C, or au-
toimmune), cholestatic liver disease (primary biliary cirrhosis
(PBC), primary sclerosing cholangitis (PSC), secondary biliary
cirrhosis [Caroli’s disease, choledochal cyst, trauma, operative
bile duct injury/stricture/necrosis, nonalcoholic steatohepati-
tis (NASH)], cryptogenic cirrhosis, fulminant liver failure (acet-
aminophen overdose, hepatitis, ischemia, idiosyncratic drug
toxicity), Budd–Chiari syndrome, benign neoplasms, extrahe-
patic biliary atresia or hypoplasia, metabolic diseases (�1-an-
titrypsin deficiency, Crigler–Najjar disease, type I, Byler’s dis-
ease, glycogen storage disease [IA and IV], Wilson’s disease,
hemochromatosis, tyrosinemia, ornithine transcarbamylase
deficiency, galactosemia, etc.), congenital hepatic fibrosis, and 
cystic fibrosis. Relative indications for liver transplantation
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include hepatocellular carcinoma (stage I and II), slow-growing
metastatic leiomyosarcoma, metastatic neuroendocrine tu-
mors including carcinoids, and hemanigoendotheliomas. The
most common indications for liver transplantation in adults
are illustrated in Table 50.1 and for children in Table 50.2.

CONTRAINDICATIONS

Absolute contraindications include advanced uncorrectable
cardiac or pulmonary disease, severe irreversible pulmonary
hypertension, hypotension requiring vasopressor support, re-
cent intracranial hemorrhage, irreversible neurological im-
pairment, human immunodeficiency virus (HIV) infection, un-
controlled sepsis, extrahepatic malignancy with the exception
of skin cancer and some neuroendocrine tumors, inability to
comply with the posttransplant regimen, and active substance
abuse. Relative contraindications include stage III or IV hepa-
tocellular carcinoma, HBV–DNA-positive and HBeAg-positive
hepatitis B, cholangiocarcinoma, and age over 70 years.

TIMING

Determining the optimal timing for liver transplantation has
been and remains difficult.

Preoperative Evaluation and Management

EVALUATION

Patients undergoing evaluation as potential liver transplant
candidates may do so as an outpatient or inpatient depend-
ing on the disease and its severity. This is a multidisciplinary
evaluation that begins with a complete history, physical ex-
amination, routine laboratory studies, chest X-ray, and elec-
trocardiogram. All patients need current hepatitis serological
results (A, B, C), viral serology [herpes simplex virus (HSV),
cytomegalovirus (CMV), Epstein-Barr virus (EBV), HIV, and
varicella zoster virus (VZV)], infectious serology (RPR, toxo-
plasmosis, rubella), alpha-fetoprotein (AFP), CA19-9 (in pa-



tients with suspected cholangiocarcinoma or PSC), and ABO
and HLA typing along with determination of panel reactive
antibody (PRA) status. A CAT (computerized axial tomogra-
phy), MRI (magnetic resonance imaging), or MRA (magnetic
resonance angiography) of the liver is performed for vessel pa-
tency, liver volume, and to rule out liver tumors. A dental
evaluation, Pap smear, mammogram in women more than 40
years of age, and prostate-specific antigen (PSA) in men more
than 40 years are required. Other studies that are obtained
less frequently, depending on the patient’s history and dis-
ease, include upper GI endoscopy, pulmonary function tests
with arterial blood gases, colonoscopy in patients over 40
years, echocardiogram, dipyridamole stress thallium study,
cardiac catheterization with coronary angiography, and psy-
chiatric evaluation for all patients with a history of substance
abuse, alcohol abuse, or psychiatric illness. If portal vein oc-
clusion is suspected on MRI, visceral angiography is neces-

sary to clearly define the patency of the superior mesenteric
vein, splenic vein, and portal vein. Appropriate consultations
from physicians in cardiology, pulmonary disease, neurology,
and infectious disease are obtained as needed.

LISTING

Patients are listed on the computerized national waiting list
through the United Network for Organ Sharing (UNOS) as
Status 1, Status 2A, Status 2B, Status 3, or Status 7, depend-
ing on their medical condition. Patients are listed as Status
1 if they have acute fulminant liver failure with a life ex-
pectancy without a liver transplant of less than 7 days. Pa-
tients with primary nonfunction of a transplanted liver, he-
patic artery thrombosis within 7 days of transplant, or acute
decompensated Wilson’s disease are also listed as Status 1.
Patients listed as Status 2A must be in an intensive care unit
with acute decompensated chronic liver failure with a life ex-
pectancy of less than 7 days and a long-term prognosis with
a successful liver transplant equal to that of a patient with
acute fulminant liver failure. Status 2B patients must have a
Child–Turcotte–Pugh (CTP) score greater than or equal to 10
(i.e., Child’s C) or a CTP score greater than 7 and meet one
of the following medical criteria: (1) unresponsive active
variceal hemorrhage; (2) hepatorenal syndrome; (3) sponta-
neous bacterial peritonitis; (4) refractory ascites/hydrothorax.
Status 3 patients require continuous medical care as outpa-
tients and have a CTP score greater than or equal to 7. Sta-
tus changes are not justified for short hospitalizations for in-
tercurrent problems. Patients listed as Status 7 are inactive.

MANAGEMENT AFTER LISTING

Once a patient is listed for liver transplantation, it can be sev-
eral months before the transplant is performed. During this
period, close patient follow-up and careful management of
complications of the liver disease is mandatory to maintain
the patient in optimal medical condition for transplantation
to reduce morbidity and mortality.

Patients admitted to the hospital with acute fulminant
liver failure or decompensation of chronic liver disease re-
quire urgent inpatient evaluation and listing for liver trans-
plantation if indicated. The principles of management of pa-
tients with acute fulminant liver failure are similar to the
principles for patients with primary nonfunction after trans-
plantation and include protection against and treatment of
cerebral edema to maintain cerebral perfusion pressure; main-
tenance of other organ system function (cardiovascular, 
respiratory, renal); protection against complications of coag-
ulopathy; prevention of sepsis; and prevention of hypo-
glycemia. A full transplant evaluation is completed as quickly
as possible, and patients are activated on the UNOS waiting
list if they are acceptable candidates.

Donor Selection and Liver Procurement

DONOR SELECTION

Donor selection and liver procurement are critical to prevent
primary nonfunction (PNF) or delayed primary function of the
transplanted liver and to prevent disease transmission. When
a donor liver is offered for a listed recipient, ABO and size
compatibility are the first two criteria that need to be met.
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TABLE 50.1. Indications for Liver Transplantation in Adults
(1987–1995).

Disease n (%)

Hepatitis C 3,454 (19.6)
Alcoholic liver disease 3,225 (18.3)
Alcoholic � hepatitis C 527 ( 3.0)
Unspecified (cryptogenic) 1,911 (10.8)
Primary biliary cirrhosis 1,828 (10.4)
Primary sclerosing cholangitis 1,635 ( 9.3)
Acute hepatic necrosis 1,066 ( 6.0)
Hepatitis B 921 ( 5.2)
Autoimmune hepatitis 900 ( 5.1)
Malignant neoplasmsa 724 ( 4.1)
Metabolic diseasesb 685 ( 3.9)
Benign neoplasms 79 ( 0.5)
Miscellaneousc 258 ( 1.5)

Total 17,729
aHCC (267 � 1.5%); HCC � cirrhosis (233 � 1.3%).
b�1-antitrypsin (253 � 1.4%); Wilson’s disease (167 � 1%); hemachromatosis
(169 � 1%).
cBudd–Chiari (180 � 1%).

Source: Belle SH, Beringer KC, Detre KM. Recent findings concerning liver
transplantation in the United States. In: Cecka JM, Terasaki PI, editors. Clin-
ical Transplants 1996. UCLA Tissue Typing Laboratory, 1996:15–29.

TABLE 50.2. Indications for Liver Transplantation in Children
(1987–1995).

Disease n (%)

Biliary atresia 1638 (53.3)
Metabolic diseases 415 (13.5)
Acute hepatic necrosis 340 (11.1)
Cholestatic liver disease (cirrhosis) 110 ( 3.6)
Other cirrhosis 225 ( 7.3)
Malignant neoplasms 71 ( 2.3)
Miscellaneous 266 ( 8.7)

Total 3113

Source: Belle SH, Beringer KC, Detre KM. Recent findings concerning liver
transplantation in the United States. In: Cecka JM, Terasaki PI, editors. Clin-
ical Transplants 1996. UCLA Tissue Typing Laboratory, 1996:15–29.



FIGURE 50.1.  Perfusion of the liver, kidneys, and pancreas via a can-
nula in the aorta and a cannula in the portal vein. The vena cava is
vented in the right chest. (Reprinted from Sollinger,125 with permis-
sion.)

Primary nonfunction of liver allografts occurs in 5% to
15% of cases, requires urgent retransplantation, and is a sig-
nificant course of morbidity and mortality after liver trans-
plantation.1–3 Donor risk factors for primary nonfunction 
include prolonged cold and warm ischemia, severe macro-
vesicular steatosis, ABO incompatibility, donor age over 50
years, elevated donor transaminase levels, prolonged inten-
sive care unit stay, increased bilirubin, and the need for va-
sopressors in the donor.1–7 Because there continues to be a
critical shortage of cadaver livers and patients continue to die
on the waiting list, many centers are now using livers that
previously were discarded and have thereby expanded the
donor pool. Liver preservation with University of Wisconsin
(UW) solution has allowed the cold ischemia time to be ex-
tended from 6 to 8 h with Euro-Collins solution to nearly 24
h. This change has allowed wider sharing of livers, especially
for critically ill patients, more elective transplants, and more
time to better prepare the recipient.

Another goal of proper donor selection is to prevent trans-
mission of disease, particularly hepatitis B, C, HIV, and ma-
lignancy, and careful screening and serological testing of
donors is performed. The donor pool can be expanded further,
however, by the use of HBsAg�, HBcAb�, HBIgM� donors
that have a low risk of transmitting HBV to kidney recipi-
ents8 but a 30% to 50% chance of transmitting HBV to an
unmodified liver recipient.9 Livers from these donors are cur-
rently being transplanted into HBsAb� recipients along with
HBIG prophylaxis with the expectation that the risk of the
recipient becoming HBsAg� is minimal.

LIVER PROCUREMENT: STANDARD TECHNIQUE

The donor operation is performed through a midline incision
from the suprasternal notch to the symphysis pubis. Several
teams are involved in retrieval of the heart, lungs, pancreas,
kidneys, and occasionally small bowel. The liver and ab-
dominal cavity should be thoroughly examined to exclude
any unsuspected infections, malignancies, or other disease
processes that would preclude organ retrieval. A Tru-cut nee-
dle biopsy of the liver is obtained for frozen section to rule
out severe steatosis, hepatitis, or other abnormalities. The
liver is mobilized, and the lesser sac exposed.

The vasculature is examined. A replaced left hepatic
artery (R-LHA) arising from the left gastric artery (LGA) oc-
curs in approximately 17% of donors. The porta hepatis
should be inspected to identify a replaced right hepatic artery
(R-RHA) arising from the superior mesenteric artery (SMA)
that occurs in approximately 19% of donors. The aorta should
be mobilized so that clamps can be placed above the celiac
axis, which allows perfusion of the liver and kidneys with-
out perfusing the heart, and between the celiac axis and SMA
(or below the SMA if a R-RHA is present), which allows con-
tinued perfusion of the kidneys while the liver is being 
removed.

The portal vein (PV), splenic vein (SV) and superior mesen-
teric vein (SMV) are mobilized and isolated. If the pancreas
is not being retrieved, the SV is ligated, and a portal perfu-
sion cannula is secured in the SV. If the pancreas is being re-
trieved, the portal perfusion cannula is placed in the inferior
mesenteric vein. The common bile duct (CBD) is ligated and
the biliary tree irrigated with saline.

The patient is systemically heparinized and the distal

aorta is ligated. A perfusion catheter is inserted and secured
in the aorta. In coordination with the cardiac retrieval team,
the supraceliac aorta is cross-clamped and infusion of cold
UW solution through the aortic and portal cannulae is begun
(Fig. 50.1). The vena cava is vented in the right chest by in-
cising the inferior vena cava at the junction with the right
atrium. Surface cooling of the liver, pancreas, and kidney is
achieved by placing cold slush solution in the abdomen. The
liver can then be removed. Before transplantation into the re-
cipient, the cadaver donor liver must be prepared on the back
table.

LIVER PROCUREMENT: RAPID FLUSH TECHNIQUE

The technique just described is the traditional procedure for
liver procurement. The “rapid flush” technique minimizes
the amount of dissection before flushing with preservation
solution.10 Although some surgeons use this technique or a
variant routinely, it is most applicable in an unstable donor
from whom the expeditious removal of the liver is necessary
or in non-heart-beating donors.

LIVER PROCUREMENT: NON-HEART-BEATING DONORS

Liver transplantation from non-heart-beating donors (NHBD)
has been reported in 13 cases.11,12 This technique has not
achieved widespread acceptance because of the logistics of re-
trieving organs from non-heart-beating donors and concerns
about long warm ischemia times and increased risk of pri-
mary nonfunction. With greater experience, however, NHBD
could be an important source of viable livers, increasing the
donor pool by 5% to 10%.
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LIVER PROCUREMENT: IN SITU SPLITTING

Cadaveric split liver transplantation, in which the liver is split
on the back table into a left lateral segment graft (segments II
and III) and a right lobe graft including the caudate lobe and
medial segment of the left lobe (segments I, IV, V, VI, VII, and
VIII) for transplantation into two recipients, was first reported
in 1988.13 The inferior patient and graft survival rates (60% and
43%, respectively), the high incidence of biliary complications
(27%), and ischemic necrosis of the medial segment of the left
lobe made this procedure unacceptable.13 Subsequently, it has
been shown that these complications can be reduced by split-

ting the liver in situ in heart-beating cadaver donors using the
technique for procurement of the left lateral segment from a
living donor (Fig. 50.2).14–16 This technique results in a reduc-
tion in cold ischemic damage to the grafts, avoidance of the
biliary tract complications, and the ability to assess the viabil-
ity of the medial segment.

Recipient Management and Operative Procedure

INTRAOPERATIVE MANAGEMENT

Several major events occur during a liver transplant that re-
quire attention. During the recipient hepatectomy, it is criti-
cal to carefully replace ongoing blood loss and to maintain nor-
mal fluid, electrolyte, and coagulation studies. After initiation
of venovenous bypass and just before removing the liver, ad-
ditional replacement is usually necessary because of a decrease
in venous return that occurs when portal and vena caval blood
return to the heart is interrupted. Increasing the venovenous
bypass flow rate after the liver is removed is usually helpful.
During the anhepatic phase, while hemostasis is achieved in
the retroperitoneum and the liver is sewn in place, careful at-
tention to hemodynamic changes, electrolyte abnormalities
(hypocalcemia and hyperkalemia), and coagulation abnormal-
ities (decreased fibrinogen, increased PT) is important, and cor-
rection of any abnormalities accomplished. Before unclamping
the liver, additional calcium, sodium bicarbonate, and fluid or
blood products are administered. After the liveris unclamped,
there can be a brief period of hyperkalemia, hypocalcemia,
metabolic acidosis, depressed cardiac output and hypotension,
pulmonary hypertension and right ventricular dysfunction, and
fibrinolysis that require correction.

RECIPIENT HEPATECTOMY

A bilateral subcostal skin incision with a midline extension to
the xiphoid process is used. There are three options for com-
pleting the hepatectomy, depending on the procedure to be per-
formed. In the traditional procedure in which the recipient vena
cava is removed as part of the liver with the patient on veno-
venous bypass, the infrahepatic vena cava is completely mo-
bilized from the level of the renal veins to the suprahepatic
vena cava. Alternatively, the infrahepatic and suprahepatic
vena cavae can simply be isolated enough to allow clamping
and the back wall of the vena cava left in place when the liver
is excised. A third option is to divide the hepatic veins (HV)
entering the liver posteriorly from the anterior surface of the
inferior vena cava and the liver dissected off the vena cava. The
inferior vena cava is left in situ, which eliminates the need for
venovenous bypass. The donor suprahepatic vena cava is then
sewn into the confluence of the HV (“piggyback”).17

VENOVENOUS BYPASS

The advantages of venovenous bypass include maintenance
of venous return and splanchnic venous drainage during the
anhepatic phase with improved hemodynamic stability and
reduction in mesenteric edema, improved renal perfusion, and
provision of additional time to obtain hemostasis in the
retroperitoneum, for placement of vascular grafts, and for per-
formance of vascular anastomoses.18,19 Many surgeons use
venovenous bypass selectively or not at all with comparable
results.19–21

6 2 6 CHAPTER 50

FIGURE 50.2.  (A) Diagrammatic representation of in situ liver split-
ting in heart-beating cadaver donors. The left hepatic artery, left por-
tal vein, left hepatic vein, and left hepatic duct are isolated. The liver
is then split to the right of the falciform ligament between segments
II and III and segment IV. HA, hepatic artery; PV, portal vein; HV,
hepatic vein; BD, bile duct; IVC, inferior vena cava. (B) Diagrammatic
representation of each split graft. The top left view shows the right
graft with the celiac trunk, main PV, CBD, and IVC. The top right
shows the left graft with the divided left hepatic artery (LVA), BD,
left portal vein (LPV), and left hepatic vein (LHV). The bottom left
view shows a right graft with the divided right hepatic artery (RHA),
right portal vein (RPV), CBD, and IVC. The bottom right shows the
left graft with the main PV and celiac trunk. (Adapted with permis-
sion from Busuttil.184)

A

B



CADAVER DONOR TRANSPLANT

The suprahepatic vena caval anastomosis is performed first as
an end-to-end anastomosis (Fig. 50.3). The donor infrahepatic
vena caval anastomosis is then performed while infusing 1 l
of cold lactated Ringer’s solution through the PV cannula. The
PV anastomosis is completed end-to-end with a loosely tied
corner (“growth stitch”) to allow expansion of the PV after un-
clamping.22

There are several techniques for performing the arterial
anastomosis, depending on the size of the vessels and the ar-
terial anatomy. It can be performed as an end-to-end anasto-
mosis between the recipient proper HA and the donor com-
mon HA. Alternatively, the donor common HA can be sewn
end-to-side to the junction of the common HA and the GDA.
After completion of the vascular anastomoses, the clamps are
removed sequentially. First, the PV clamp is removed and the
liver perfused, followed by the suprahepatic vena cava clamp,
HA clamp, and inferior vena cava clamp. Hemostasis is ob-
tained and the patient is taken off venovenous bypass.

The bile duct is usually reconstructed as an end-to-end
choledochocholedochostomy using interrupted absorbable su-
tures. Traditionally this has been performed over a T-tube
brought out through a separate choledochotomy. However,
because 10% to 15% of patients develop a bile duct leak af-
ter T-tube removal, some centers have eliminated the use of
T-tubes with comparable results.23–25

An alternative method for liver transplantation is the
“piggyback” technique.17 This technique involves leaving the
recipient vena cava in situ and mobilizing the liver off the in-
terior vena cava by dividing all the hepatic veins entering the
posterior aspect of the liver. Only the left, middle, and right
hepatic veins are left in place. A clamp is placed across the
hepatic veins and the confluence of the veins opened. The
donor infrahepatic vena cava is oversewn on the back table,
eliminating one anastomosis, and the donor suprahepatic
vena cava is sewn end-to-end to the confluence of the recip-
ient hepatic veins. Venovenous bypass is not required. In ad-
dition, there is significantly less blood loss as a result of avoid-

ing dissection posterior to the vena cava where bleeding from
retroperitoneal collaterals can be encountered.17

REDUCED-SIZE LIVER TRANSPLANTATION

Reduced-size liver transplants were developed to relieve the
scarcity of suitable cadaveric grafts for pediatric recipients,
most of whom are less than 2 years of age.26 Reduced size
grafts include reduced-size cadaveric grafts, split-liver grafts
(discussed earlier), and living-related grafts (discussed later).
Reduced-size liver transplants are as effective as full-sized
grafts, with a 1-year survival of approximately 80%.26

Living-Related Donor Liver Transplantation

THE LIVING DONOR

Briefly, donors should be between 18 and 55 years of age; an
immediate family member and genetically related to the re-
cipient; ABO compatible with the recipient; and without
medical problems that would increase their surgical risk. The
family psychosocial support systems must be adequate as de-
termined by a psychiatric and social work evaluation. The
donor should have a normal history, physical examination,
hematological and serum chemistry profile, along with nor-
mal kidney and liver function tests. An EKG and CXR are ob-
tained and should be normal. The donor must have negative
hepatitis B, C, and HIV serological tests.

The anatomical suitability of the liver for living donation
must then be determined. This involves the use of CT scan-
ning to exclude mass lesions and to document the liver vol-
ume of the left lateral segment, left lobe, and right lobe. Pre-
operative arteriography is usually performed to define the
arterial anatomy. Endoscopic retrograde cholangiopancre-
atography (ERCP) is occasionally performed to delineate the
biliary anatomy but is not routine. A percutaneous liver
biopsy may be required in some cases.

Size matching is critically important. The healthy native
liver is 2% to 3% of body weight, but the minimum amount
of transplanted liver needed to survive is estimated to be ap-
proximately 25% of the recipient’s ideal liver mass.27,28 Fol-
lowing transplantation, the allograft and native liver remnant
demonstrate differential growth rates to achieve the ideal liver
volume for both recipient and donor within 1 to 3 months.29

THE RECIPIENT

INDICATIONS

The indications for living-related liver transplantation are es-
sentially the same as those for cadaver liver transplantation.
Most recipients are children with biliary atresia or acute ful-
minant liver failure.30

SURGICAL TECHNIQUE

The recipient operation is similar to the cadaveric reduced-
size liver transplant except for the need for interposition grafts
for hepatic artery and portal vein reconstruction.

RESULTS

Current survival rates are best in ABO-compatible, elective
transplants in recipients 15 years old or younger.31 Long-term
graft survival is 75% to 80%.31,32 The incidence of retrans-
plantation, usually due to arterial thrombosis, is 5% to 10%.
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FIGURE 50.3.  Implantation of the donor liver. The suprahepatic vena
caval anastomosis is performed first, followed by the infrahepatic
vena cava, portal vein, hepatic artery, and common bile duct.



IMMUNOLOGICAL BENEFITS

There appears to be little immunological benefit to living-
related liver transplantation.

COMPLICATIONS

The technical complications associated with living-related
liver transplantation are now comparable to other liver trans-
plant procedures in children.

ADULT RECIPIENTS

The use of living-related donor segmental allografts in adult
recipients has been limited by the amount of liver available
in left lobe and left lateral segment grafts.

Postoperative Surgical Complications

VASCULAR COMPLICATIONS

HEPATIC ARTERY

Hepatic artery (HA) complications include stenosis, throm-
bosis, pseudoaneurysm, mycotic aneurysm, and hepatic
artery rupture. HA stenosis occurs in approximately 5% of
patients and is usually diagnosed within the first 3 months
posttransplant.33 The major risk factor for anastomotic HA
stenosis has been shown to be flow at the time of transplant.33

HA thrombosis (HAT) in the early posttransplant period is a
significant cause of graft loss in adult and pediatric cadaver
and pediatric living-related liver transplantation. The inci-
dence of HAT is approximately 3% to 5% in adults.34–36

Hepatic artery pseudoaneurysms are rare (0.2%–0.9%),
usually occur at the anastomosis, are often infected, and may
rupture and cause fatal hemorrhage, making early diagnosis
and treatment imperative.36–38

PORTAL VEIN

Portal vein thrombosis (PVT) occurs post transplant in 10%
to 8% of liver transplant recipients.32,39–42 PVT may lead to
liver failure, requiring retransplantation, or to recurrent por-
tal hypertension. Portal vein stenosis is uncommon, but can
usually be managed with angioplasty.

BILIARY TRACT COMPLICATIONS

Biliary tract complications occur in 15% to 20% of liver trans-
plant recipients and include anastomotic leaks and strictures,
leaks from T-tube exit sites, leaks after T-tube removal, and
obstruction from sludge, stones, or stents, and biliary fistula
from stent migration.32,43–49 Approximately two-thirds of bil-
iary tract complications occur in the first 4 weeks post trans-
plant.48,50 Late complications are primarily anastomotic and
intrahepatic strictures.

Immunosuppression

The optimal immunosuppressive regimen after liver trans-
plantation has yet to be established. There are several im-
munosuppressive drugs, polyclonal antibodies, and mono-
clonal antibodies currently available, and have been described
elsewhere in this book.

IMMUNOSUPPRESSIVE PROTOCOLS

In general, immunosuppressive protocols are referred to as
“induction” (utilizing polyclonal or monoclonal antibodies at

the time of transplant) or “non-induction”, and as “double”-
(e.g. prednisone and CsA or FK506), “triple”- (e.g., AZA or
MMF, prednisone, and CsA or FK506) or “quadriple”- (e.g.,
AZA or MMF, prednisone, CsA or FK506, and ATGAM,
OKT3, basiliximab, or daclizumab) therapy.

NONINDUCTION PROTOCOLS

Most centers that prefer noninduction protocols (the major-
ity) have used either FK506 and steroids or Neoral (a mi-
croemulsion formulation of cyclosporine), steroids, and aza-
thioprine. However, recent data have demonstrated a further
reduction in the incidence of rejection by using mycopheno-
late mofetil (MMF) with either FK506 and steroids or Neoral
and steroids.51–53 In one study the incidence of rejection was
decreased from 45% in the FK506 and steroids group to 26%
in the MMF, FK506, and steroid group (p � 0.03).51 There 
was no difference in the incidence of CMV infections, and
MMF appeared to be FK506 sparing, leading to improved re-
nal function. The data for MMF and Neoral are inconclusive,
however, because of small numbers of patients.52 Another ad-
vantage of MMF may be that it will allow the earlier dis-
continuation of steroids.54

INDUCTION PROTOCOLS

The use of polyclonal or monoclonal antibody induction in
liver transplantation has been primarily in the setting of post-
transplant renal failure where delayed introduction of FK506
or cyclosporine is desired. Some centers, however, have used
induction based on the decreased incidence of rejection in
kidney transplant recipients treated with quadruple-therapy
induction protocols.55–58 OKT3 has historically been the
monoclonal antibody of choice, but more recent interest has
centered on the use of the chimeric anti-CD25 mAb, basil-
iximab, and the humanized anti-CD25 mAb, daclizumab, pri-
marily because of their longer half-life and absence of signif-
icant side effects. Data with basiliximab are only available in
kidney transplant recipients in whom it has been used with
Neoral and steroids. The incidence of rejection was 29.8% in
one study59 and 28% in a second study,60 with no increase
risk of infectious complications. Daclizumab has also been
studied in renal transplant recipients with similar results.61–63

CONCLUSIONS

Noninduction protocols result in comparable patient and graft
survival rates to induction protocols. Although noninduction
protocols were previously associated with a greater risk of re-
jection, the introduction of MMF into triple-therapy proto-
cols may effectively address this disadvantage. Induction will
still be useful in patients requiring delayed introduction of
Neoral or FK506 posttransplant and may be more effective in
allowing the reduction in dose of other immunosuppressive
drugs, thereby decreasing their side effects.

Liver Allograft Rejection

DIAGNOSIS

The presumptive diagnosis of rejection can often be made on
the basis of clinical and laboratory studies. Studies such as
liver function tests, immunological monitoring parameters,
radiologic studies, drug levels, and fine-needle aspirates may
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provide useful information, but the standard against which all
studies are compared is the biopsy. Biopsy can confirm the di-
agnosis and determine the severity of rejection and, therefore,
provide important information for therapy and prognosis.

HYPERACUTE REJECTION

Hyperacute rejection, first described in renal allograft recipi-
ents, is mediated by anti-HLA (donor-specific lymphocyto-
toxic) antibodies or by isohemagglutinins directed against
donor AB blood group antigens. However, in comparison to
the heart or kidney, the liver is less susceptible to antibody-
mediated rejection both in experimental animals and in hu-
mans. The time course of hyperacute rejection of the liver is
longer (3–7 days), perhaps related to the liver’s large capacity
to absorb antibodies. Histologically, hyperacute rejection in
the liver is characterized by a predominantly centrilobular in-
filtrate of polymorphonuclear leukocytes and by aggregates of
fibrin within and around the walls and lumina of the central
veins and, subsequently, small arteries, leading to hemor-
rhagic necrosis and infarction.64 Clinically, hyperacute rejec-
tion should be suspected in patients with recent transfusions
associated with a rise in anti-HLA antibodies as measured by
an increase in panel-reactive antibodies (PRA) around the
time of transplantation. No prospective studies have been per-
formed, but the most current and best retrospective data
demonstrate a positive T-cell crossmatch is associated with a
decrease in the early liver allograft survival rate (peak at 6
months) that disappears at 2 years posttransplant.65 More than
one-third of patients undergoing ABO-incompatible trans-
plants may develop antibody-mediated rejection leading to
graft failure,66 but the risk may be reduced by plasmaphere-
sis, splenectomy, and intensive immunosuppression.67,68

ACUTE REJECTION

Acute hepatic allograft rejection is extremely common, occur-
ring in 30% to 75% of recipients, depending on the type of in-
duction immunosuppression used.69 Clinical features include
a decrease in bile output and change in color and consistency
from a thin, clear, golden yellow to a thicker, dark green. Ele-
vated liver function tests may include elevated transaminases,
alkaline phosphatase, or bilirubin, alone or in combination. Re-
jection can be difficult to diagnose clinically, however, because
the differential diagnosis of abnormal liver function tests is
broad, including preservation injury, ischemia, viral infection,
bacterial cholangitis, bile duct obstruction, and recurrent dis-
ease. Therefore, a biopsy is usually obtained when acute re-
jection is suspected or any time the etiology of elevated he-
patic function tests is in question. Other studies useful in
determining the etiology of elevated liver function tests in-
clude cholangiography, duplex ultrasonography of the hepatic
vasculature, and, if necessary, hepatic arteriography.

Acute rejection is histologically characterized by three
features: (1) a portal mononuclear infiltrate (primarily small
lymphocytes, but also variable numbers of eosinophils and
polymorphonuclear leukocytes; (2) bile duct epithelial dam-
age and infiltration by small lymphocytes; and (3) suben-
dothelial inflammation of portal or terminal hepatic veins (en-
dothelialitis).64–78 The diagnosis of rejection requires at least
two of these histopathological findings (mixed portal infil-
trate and bile duct damage) and biochemical evidence of liver
damage. The diagnosis is even more assured if more than 50%

of the bile ducts are damaged or if unequivocal endotheliali-
tis is demonstrated.

The Liver Transplantation Database has analyzed the in-
cidence, risk factors, and impact on outcome of acute rejec-
tion in the largest number of patients to date.69 The per-
centage of recipients who developed a first, second, and third
episode of acute rejection in the first year posttransplant were
65%, 20%, and 4%, respectively. Within the first 6 weeks
posttransplant, 48% of recipients developed at least one acute
rejection episode with the median time to rejection of 8 days.
The risk of rejection is 10% to 20% greater for noninduction
protocols with cyclosporine and steroids or tacrolimus and
steroids, compared to quadruple therapy utilizing cyclo-
sporine, steroids, azathioprine, and antilymphocyte globulin
or monoclonal antibody therapy. Risk factors shown to be as-
sociated with the development of acute rejection include un-
derlying liver disease (acute fulminant hepatic failure, hep-
atitis B, and autoimmune chronic active hepatitis), younger
age of recipient, lower Karnofsky score, serum creatinine be-
low 2.0 mg/dl, lack of edema, renal failure, or ascites, fewer
HLA-DR matches, donor age, and cold ischemia time greater
than 15 h. These data suggest that healthier recipients, re-
cipients poorly HLA-matched with the donor, and recipients
of livers that are more predisposed to liver injury are at greater
risk for developing acute rejection. When the impact of acute
rejection on patient and graft survival is analyzed, it has been
shown that patient and graft survival rates are better in pa-
tients with acute rejection because the highest incidence of
rejection is in the healthiest recipients. Adjusting for these
risk factors, acute rejection was not shown to have a signifi-
cant effect on patient or graft survival rates. This finding is
in direct contrast to kidney transplantation, where acute re-
jection episodes have been shown to correlate with poorer pa-
tient and graft survival rates.79,80

CHRONIC REJECTION

Chronic rejection is a slowly progressive immunological
process characterized by increasing cholestasis with an eleva-
tion in alkaline phosphatase, �-glutamyl transpeptidase, or 5�-
nucleotidase and eventually bilirubin that occurs in about 5%
to 10% of liver allografts,81,82 although the incidence appears
to be decreasing.83 Histologically it is characterized by oblit-
erative vasculopathy and loss of bile ducts (“vanishing duct
syndrome” or “paucity of bile ducts”) involving more than
50% of the portal triads. Risk factors for chronic rejection in-
clude donor–recipient histocompatibility differences, positive
crossmatch, frequency of acute rejection episodes, long is-
chemia time, chronic viral hepatitis, and cytomegalovirus
(CMV) infection.84 Chronic rejection does not usually occur
before 2 months posttransplant and usually develops follow-
ing an unresolved acute rejection episode, after multiple acute
rejection episodes, or slowly over many years in patients with
a history of remote acute rejection episodes or no apparent
episodes of acute rejection. Chronic rejection is not always ir-
reversible, and bile duct regeneration can occur.

TREATMENT

Treatment of rejection with corticosteroids can be accom-
plished by a short course of intravenous methylprednisolone
boluses (e.g., 250–500 mg/day for 3–5 days) or by an increase
in the oral prednisolone dose (e.g., 2 mg/kg/day) with a taper-
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ing schedule over 2 to 4 weeks. The current incidence of steroid
resistant rejection is 5% to 10% and is probably decreasing as
immunosuppression improves. Treatment of steroid-resistant
rejection is usually with OKT3 mAb (5 mg/day for 7 days) or
ATGAM, but MMF and FK506 have both been used to rescue
patients with steroid and OKT3 resistant rejection.85–88

Infections

The incidence and severity of infections after liver transplan-
tation are influenced by the type, intensity, and duration of
immunosuppression, by the incidence of technical complica-
tions, and by the infectious diseases that the patient encoun-
ters in the hospital and community.89 More than 60% to 80%
of liver transplant recipients will have at least one infection
after transplant with an overall incidence of 1.5 to 1.7 infec-
tions per patient, an incidence that is similar in induction and
noninduction series.90–93 Recent series in the current era of
antibiotic, antiviral, and antifungal prophylaxis document
70% of posttransplant infections are bacterial, 20% are viral,
and 10% are fungal.89,92 Although early series reported an in-
fection-related mortality rate to 40%,94–97 current series re-
port a mortality rate of less than 10%92 to 22%.98 Posttrans-
plant infections can be classified by the time period after
transplantation in which they are most likely to occur,
whether they are bacterial, viral, fungal, or protozoal, and by
the clinical disease they cause. Most infections occurring in
the first month are bacterial or fungal and related to the sur-
gical procedure, including intraabdominal infections, cholan-
gitis, pneumonitis, urinary tract infections, wound infections,
and central venous catheter infections. From 1 to 6 months
after transplant, viral infections including CMV, HSV, and
EBV are most common, although late fungal infections may
occur. After 6 months, the risk of infection is low.89

BACTERIAL INFECTIONS

Risk factors for the development of bacterial infections in-
clude length of operation (�12 h), multiple abdominal oper-
ations, retransplantation, pretransplant bilirubin 12 mg/dl or
more, length of antibiotic therapy posttransplant (�5 days),
and intraoperative transfusions (�25 units of packed red cells
and �30 units of fresh frozen plasma).92,94,99 The most com-
mon diagnoses include wound infections, intraabdominal in-
fections (peritonitis, hepatic and extrahepatic abscesses, and
cholangitis), pneumonias, urinary tract infections, central ve-
nous catheter infections, and bacteremias. Prophylaxis of bac-
terial infections usually involves perioperative administra-
tion of a third-generation cephalosporin along with ampicillin
or vancomycin or ampicillin-sulbactam as a single agent for
gram-positive and gram-negative coverage.92 Some centers
use selective bowel decontamination protocols involving the
administration of oral nystatin, gentamicin, and polymyxin.97

VIRAL INFECTIONS

The most important viral infections after liver transplanta-
tion include CMV, EBV, HSV, and varicella zoster virus
(VZV). HSV infections are uncommon posttransplant because
of the widespread use of ganciclovir and acyclovir prophy-
laxis. The diagnosis can be made by physical examination,
endoscopy and biopsy, liver biopsy, bronchoscopy, and cul-
ture of vesicular lesions. Serology is rarely helpful. Intra-

venous or oral acyclovir is effective therapy in most patients.
CMV infection and disease occur in up to 50% and 25% of
liver transplant recipients, respectively, as either primary or
reactivation infections.100,101 The diagnosis can be made by
culture or by biopsy (viral inclusions, monoclonal antibody
staining for CMV antigens, or in situ hybridization). Ganci-
clovir is the most effective treatment. EBV infection occurs
in 5% to 10% of liver transplant recipients as a primary or
reactivation infection.102 These patients respond to intra-
venous acyclovir and reduction in immunosuppression.  VZV
infections occur as primary or reactivation infections. The di-
agnosis of VZV is made on the basis of physical examination
with the classic cutaneous vesicular lesions, by culture, by
Tzanck smear of scrapings from skin lesions, or by biopsy.
Intravenous acyclovir is used for treatment of disseminated
VZV along with a reduction in immunosuppression. Intra-
venous or oral acyclovir may be used for herpes zoster infec-
tions, depending on the severity of the disease.

FUNGAL INFECTIONS

Invasive fungal infections have been reported to occur in 24%
to 42% of liver transplant recipients, with the most frequent
organisms being Candida species, followed by Aspergillus
species.92,96–98,103,104 Eighty percent occur in the first month
posttransplant. The mortality rate from fungal infections has
varied from 22% to 69%,97,104–107 but recent series have
shown a significant decrease in incidence and mortal-
ity.92,98,104 Several risk factors have been identified, includ-
ing preoperative administration of steroids and antibiotics, ur-
gent clinical status at the time of transplantation, renal
insufficiency (serum creatinine �3.0 mg/dl), high Pugh risk
score, prolonged duration of surgery, requirement for intra-
operative transfusion, method of biliary reconstruction,
steroid use posttransplant, early fungal colonization (within
3 days after transplant), bacterial infections posttransplant,
prolonged antibiotic use posttransplant, retransplantation,
reintubation, and vascular complications.103–105,108 Prophy-
laxis with nystatin or clotrimazole is effective in preventing
oral candidiasis (thrush) and eosphagitis posttransplant, but
is less effective in preventing invasive fungal infections. Pro-
phylaxis with low-dose systemic amphotericin has been ef-
fective in decreasing the risk of invasive fungal infections,
but nephrotoxicity limits its use.109 Fluconazole has also been
shown to be superior to nystatin in decreasing posttransplant
fungal infections and is used now in many centers.110

PROTOZOAL INFECTIONS

Pneumocystis carinii causes dyspnea, fever, and cough asso-
ciated with diffuse bilateral interstitial pulmonary infiltrates.
The diagnosis is usually made by the identification of the or-
ganism using the methenamine silver stain on bronchoalve-
olar lavage fluid or by transbronchial or open-lung biopsy.
Treatment with trimethoprim-sulfamethoxazole or pentami-
dine is usually effective.

Intestinal Transplantation

In an era in which graft survival rates for heart, lung, liver,
kidney, and pancreas transplantation approach or exceed 90%
at 1 year,111 routine success of intestinal transplantation re-
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mains elusive, with 1-year graft survival rates of less than
70% and total parenteral nutrition (TPN) -free graft survival
even less.112,113 Moreover, the accompanying morbidity is
high, primarily related to a high incidence of rejection and in-
fection.112,113 The information presented draws heavily from
clinical series and data available from the International In-
testinal Transplant Registry (IITR) that constitute a total of
approximately 260 intestinal transplants.112,113 There are no
comparative trials to evaluate at this time.

Indications

Intestinal transplantation is a potential alternative to perma-
nent TPN in cases of chronic intestinal failure. Combined
liver-intestinal transplantation should be considered when-
ever end-stage liver disease accompanies intestinal failure,
whether as a result of chronic TPN administration or as a re-
sult of other etiologies.114,115 With improvements in TPN ad-
ministration, it remains controversial as to when a patient
with isolated intestinal failure and good hepatic function
should be considered for isolated intestinal transplantation in
light of the currently reported graft and patient survival rates.
Clearly, patients with limited venous access or who are doing
poorly on TPN should be considered. 

The most common cause of intestinal failure leading to
transplantation is short bowel syndrome as a result of surgi-
cal resection. Malabsorption syndromes, most notably mi-
crovillus inclusion disease, and motility disorders, most com-
monly intestinal pseudoobstruction, make up the next most
common indications. Tumors, including desmoids, and gas-
trinomas, which may require almost total intestinal eviscer-
ation, also account for a significant (5%–15%) percentage of
cases in most series.115–117 Retransplantation after primary
graft failure accounted for 6% of the transplants in the inter-
national registry series.

Surgical Technique

DONOR OPERATION

Evaluation of the possible intestinal organ donor is the same
as for any other cadaver organ donor. Size matching is criti-
cal in intestinal transplantation, especially if a multivisceral
transplant is planned. Acceptable donors for patients at risk
for abdominal domain problems should be 20% to 40%
smaller than the recipient by body weight.114 The surgical
techniques of intestinal and multivisceral procurement have
been well described elsewhere and follow standard principles
of organ procurement.118–120 The acceptable limits of cold
preservation for human intestinal allografts have not yet been
determined. Short cold ischemic times of less than 12 h have
generally been considered desirable.121 Figures 50.4 and 50.5
demonstrate a composite and isolated graft, respectively.

RECIPIENT OPERATION

In general, arterial supply is from the aorta, and venous
drainage is to the recipient superior mesenteric vein or por-
tal vein. Drainage to the inferior vena cava has been described
without short-term ill effects.114 An ostomy is established to
provide access for biopsies of the allograft, although reestab-
lishing gastrointestinal continuity either proximally or dis-
tally need not be delayed.

Outcomes and Management

PATIENT SURVIVAL

Patient and graft survival rates are lower for recipients of com-
posite liver-intestinal and multivisceral grafts than for recip-
ients of isolated intestines alone.112,113 The effect of different
etiologies, recipient age, or other clinical variables on survival
has not yet been clearly elucidated, although data from the
IITR suggest that center size and the era in which transplan-
tation was undertaken might be important.113

One- and 3-year patient survival rates, as reported by the
IITR, are 83% and 47%, respectively, for isolated intestinal
grafts, 66% and 40% for liver-intestine grafts, and 59% and
43% for multivisceral grafts.112,113 The most common causes
of death were sepsis and multiorgan failure, together ac-
counting for 91% of mortality.
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GRAFT SURVIVAL

One- and 3-year graft survival rates as reported by the IITR
are 53% and 31%, respectively, for isolated intestinal grafts,
58% and 39% for liver-intestine grafts, and 41% and 36% for
multivisceral grafts.112,113 It should be noted that graft sur-
vival does not equate with freedom from TPN in all cases;
between 10% and 20% of survivors continue to need some
form of parenteral nutritional support.113

IMMUNOSUPPRESSION AND IMMUNOLOGICAL SURVEILLANCE

Immunologically, intestinal transplantation is unique as com-
pared to other solid-organ grafts for several reasons. First, en-
terocytes in intestinal allografts constitutively express MHC
class II antigens. In other organ allografts, expression of these
immunologically important proteins is limited to cells of
lymphoid origin or activated endothelial and parenchymal
cells. The importance of this is not entirely clear, but it may
be one reason for the difficulty experienced in controlling the
host immune response to intestinal transplantation. Second,
the mesenteric nodes and gut-associated lymphoid tissue
transferred with the graft at transplantation constitute an
enormous load of immunocompetent cells capable of induc-
ing graft-versus-host reactions.114 Third, the intestine is 
obviously not a sterile organ and the heavy colonization 
of microorganisms probably put recipients at risk for both
translocation and systemic sepsis. Rejection rates can be
higher than 90%,113,116 and graft loss due to rejection is pre-
valent.112,113

Early reports of intestinal transplantation were invariably
performed under cyclosporine immunosuppression.112,114 In
recent years there has been general agreement that immuno-
logical results are improved with the use of FK506,112,115 and
virtually all recent reports have emphasized the use of this
immunosuppressive drug in conjunction with steroids and/or
azathioprine or MMF.

Treatment of rejection consists of steroid boluses, in-
creasing FK506 levels, the addition of another agent such as
MMF, and/or the administration of OKT3.114–116

NUTRITIONAL AND ELECTROLYTE MANAGEMENT

Careful attention to fluid and nutritional needs is mandatory.
Both osmotic and secretory diarrheas are common, and fluid
and electrolyte losses in the stool can be considerable.114,117

Conversion from parenteral to enteral nutrition is often slow
and difficult. Intestinal motility is disrupted, and studies of
explanted intestinal allografts demonstrate an absence of ex-
trinsic neural fibers,122 although functional studies of recipi-
ents have shown the resumption of near-normal motility 
patterns in more than 50% of patients several months post-
transplant.123 Low-fat, elemental formulas are usually used
initially as mesenteric lymphatics have been disrupted dur-
ing transplantation. Gradually, the feeding can be advanced
to more nutritionally complex formulas.

Conclusions

The key to improvement in future results of intestinal trans-
plantation is better understanding and control of the host im-
mune response. Several new immunosuppressive agents that
will be entering the commercial market in the next several

years may prove useful. Nutritional modification of the im-
mune response is an exciting area just now being seriously
investigated that may have special significance in intestinal
transplantation.124 A better understanding of the processes
leading to allograft rejection will be gleaned from ongoing ex-
perimental work.
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Lung Transplantation
Christine L. Lau and R. Duane Davis, Jr.

Lung transplantation has become the preferred treatment
for end-staged pulmonary disease. The 1-, 3-, and 5-year
actuarial survival rates for all lung transplants are ap-

proximately 70%, 55%, and 40%, respectively.1 Donor organ
shortage remains a critical problem, and efforts to increase
the number of available organs include the use of marginal
donors, increased public campaigns regarding donation, and
living lobar transplantation. Additionally, alternatives to lung
transplantation, for example, lung volume reduction surgery
for chronic obstructive pulmonary disease (COPD), may be
used as an alternative to or a bridge until transplantation.2–4

Major causes of mortality remain primary graft failure and in-
fections, and chronic rejection and novel strategies are being
devised to address these devastating issues.

Recipient Selection

The international guidelines for selection of pulmonary trans-
plant recipients have been agreed upon jointly by transplant
physicians and surgeons representing the International Soci-
ety for Heart and Lung Transplantation (ISHLT), the Ameri-
can Thoracic Society, the American Society of Transplant
Physicians, the European Respiratory Society, and the Tho-
racic Society of Australia and New Zealand.5 The general
guidelines are listed in Table 51.1.

Disease-Specific Guidelines

The actual measured degree of pulmonary insufficiency re-
quired for lung transplant consideration is disease specific.6

Before being considered for pulmonary transplantation, pa-
tients with COPD should have maximization of medical ther-
apy consisting of bronchodilator therapies and oxygen ther-
apy. Consideration should be given to lung volume reduction
surgery in patients with appropriate criteria (heterogeneous
emphysema, apical disease). Generally, in patients with
COPD, the forced expiratory volume in 1 s (FEV1) should be
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less than or equal to 25% predicted and not reversible, al-
though most patients actually have FEV1 less than 20% pre-
dicted at the time of transplantation. Progressive deteriora-
tion as evidenced by hypercarbia (PaCO2 �55 mmHg),
increasing oxygen requirement, or the development of wors-
ening pulmonary hypertension5 indicates decreased survival,
suggesting the need for transplantation.

Patients with septic lung diseases (cystic fibrosis, bron-
chiectasis) presenting with FEV1 30% or less of predicted or
rapidly progressive disease despite optimal medical manage-
ment should be evaluated for potential lung transplantation.
Progressive disease is indicated by increasing number of hos-
pitalizations, rapid decline in FEV1, massive hemoptysis, or
increasing weight loss.5 Patients with septic lung diseases re-
quire double-lung transplantation.

Patients with idiopathic pulmonary fibrosis (IPF) should
be evaluated for transplantation when they become sympto-
matic. IPF is associated with the highest mortality while wait-
ing for transplantation.7 For this reason in the United States,
potential recipients with pulmonary fibrosis are credited with
90 days at transplant listing.8 In addition to symptomatic pre-
sentation, physiological parameters may be utilized, includ-
ing a fall in vital capacity to below 60% to 70% predicted or
a fall in diffusion capacity to below 50% to 60% predicted,
as requirements for transplant evaluation. If the pulmonary
fibrosis is part of a systemic disease process, the systemic
symptoms should be under control and preferably in remis-
sion.5 Patients with IPF requiring transplantation usually un-
dergo single-lung transplants, but may undergo double-lung
placement if care is taken to prevent oversizing of the donor
lungs.

Patients with pulmonary hypertension were previously
considered for lung transplantation early in the course of their
disease because of the poor outcome of this disease process.
Recently, with the use of intravenous prostacyclin (Flolan),
and other pulmonary vasodilators an improvement in pul-
monary artery pressures and relief of symptoms is seen in
more than 80% of patients undergoing a therapeutic trial.9



TABLE 51.1. Absolute or Relative Criteria for Recipient Selection.

End-stage pulmonary disease
Maximization of medical therapy
Functional limitations (NYHA class III or IV)
Life expectancy anticipated �2 years
Life expectancy and quality of life anticipated to be improved 
following pulmonary transplantation
Without significant comorbid diseases

Symptomatic osteoporosis
Severe musculoskeletal disease
Other major organ dysfunction

Creatinine clearance �50 mg/ml/min
Untreatable coronary artery disease or left-ventricular 
dysfunction

HIV-negative/no active hepatitis B/C
Proven smoking cessation for 6 months
Without alcohol or drug addiction
Medically compliant
Single lung transplants �65 years of age
Bilateral lung transplants �60 years of age
Without active or recent malignancy (within 2 years) except basal/

squamous skin cancers and some cases of bronchioloalveolar
lung cancer

Inadequate nutrition �70% IBW
Morbid obesity �130%
Ambulatory with oxygen if required
Systemic steroids �15 mg prednisone/day
Psychosocial stability
Completion of pulmonary rehabilitation
Adequate support

Source: Davis et al. (1995)6; McCurry et al. (1997)47; Lau et al. (1998).48

Transplantation may be delayed so long as patients remain
clinically stable on Flolan.

After initial evaluation, patients with end-stage lung dis-
ease who are being evaluated for lung transplantation undergo
extensive preoperative testing to assess their overall medical
condition as well as the severity of their lung disease. The
transplant evaluation consists of the tests shown in Table 51.2.
In potential recipients more than 40 years of age, cardiac
catheterization is performed. Laboratory tests consisting of gen-
eral blood work (including creatinine clearance and liver panel),

blood typing, and immunological determination of preformed
antibodies are done. Excluding patients with pulmonary vas-
cular diseases and congenital heart disease, potential recipients
are required to complete pulmonary rehabilitation to improve
cardiac conditioning before transplantation. Consults with psy-
chiatry, nutrition, social work, and financial are obtained. Be-
fore listing for lung transplantation, patients need to have
shown abstinence from smoking for at least 6 months. Poten-
tial transplant recipients should be without significant co-
morbid diseases.

Adequate nutrition preoperatively is particularly impor-
tant to address. A recent analysis of data from the Toronto
group demonstrates a body mass index (BMI) greater than 27
is associated with an increased risk of postoperative death
(odds ratio, 4.6), and a BMI less than 17 similarly increases
the risk of postoperative death (odds ratio, 3.6).10 Dietary con-
sultation and oral supplements may suffice, but the place-
ment of a percutaneous endoscopic gastrostomy tube for tube
feedings before transplantation may also prove useful.

Noncutaneous malignancy, unless more than 5 years from
diagnosis and curative treatment, remains a contraindication
(except in certain cases of bronchioloalveolar lung cancer).11

Prior thoracic surgery may increase the technical difficulty,
with greater risk of hemorrhage and nerve injury, but is not
a contraindication to lung transplantation. Active infection
outside the thorax is a contraindication to transplantation.

Donor Selection

Careful selection of donors is required (Table 51.3). The
donor’s medical history is obtained, with particular emphasis
and attention paid to the donor’s age, cause of death, timing
of death, smoking history, and prior thoracic procedures. ABO
incompatibility between donor and recipient, HIV positivity,
active malignancies, and active hepatitis infections remain ab-
solute contraindications to donor lung procurement. Histo-
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TABLE 51.2. Studies Obtained During Lung Transplant Evaluation.

Full lung function tests
Exercise performance measured by a standardized test, such as a 

6-min walk
Electrocardiogram
Echocardiogram
High-resolution computed tomography (CT) of the thorax in 

patients with parenchymal disease, pleural disease or previous
thoracic surgical procedures

Stress echocardiogram—such as dobutamine, dobutamine positron
emission tomography, and sestamibi—or coronary angiograms in
patients at high risk for coronary artery disease

A 24-h creatinine clearance
Liver function studies

Source: Maurer JR, Frost AE, Estenne M, Higenbottam T, Glanville AR. In-
ternational guidelines for selection of lung transplant candidates. J Heart and
Lung Transplantation 1998;17:705. Reprinted with permission.

TABLE 51.3. Criteria of Donor Lung Suitability.

Preliminary
Age �60 years
ABO compatibility
Chest roentgenogram

Clear
Allows estimate of size match

History
Smoking � 20 pack-years
No significant trauma (blunt, penetrating)
No aspiration/sepsis
Gram stain and culture data if prolonged intubation
No prior cardiac/pulmonary operation

Oxygenation
Arterial oxygen tension � 300 mm Hg, on inspired oxygen 

fraction of 1.0, 5 cm H2O positive end-expiratory pressure
Adequate size match

Final assessment
Chest roentgenogram shows no unfavorable changes
Oxygenation has not deteriorated
Bronchoscopy shows no aspiration or mass
Visual/manual assessment

Parenchyma satisfactory
No adhesions or masses
Further evaluation of trauma

Source: Adapted with permission from the Society of Thoracic Surgeons. 
Annals of Thoracic Surgery 1993;56:1409.



compatibility antigen (HLA) matching currently is not per-
formed between donor and recipient before transplantation.

The primary reasons why lungs from a multiorgan donor
are not suitable for transplantation are pulmonary contusions,
pulmonary sepsis, and pulmonary edema.12

Operative Procedure

Donor Harvest

A median sternotomy provides excellent exposure to both
lungs. The superior vena cava is encircled doubly with silk
sutures and the inferior vena cava is encircled. The next step
is encirclement of the pulmonary artery and aorta by expo-
sure and dissection of the pulmonary artery window. Fol-
lowing completion of the thoracic dissection and before
placement of the IV cannula, the patient is heparinized. The
ascending aorta and main pulmonary artery are then cannu-
lated for cardioplegia and pulmonary flush. Following this, a
bolus dose of prostaglandin E1 (PGE1) is given directly into
the pulmonary artery adjacent to the placement of the pul-
monary artery catheter. Immediately after the PGE1, the su-
perior vena cava is ligated, and the inferior vena cava is di-
vided, allowing the right heart to decompress. The aorta is
cross-clamped, cardioplegia is initiated, and the left atrial ap-
pendage is incised, allowing the left side of the heart to de-
compress. The pulmonary flush is initiated and consists of
several liters (50–75 ml/kg) of either University of Wiscon-
sin or modified Eurocollins solution at 4°C.

After completion of the pulmonary flush and the cardio-
plegia, the cardiac team extracts the heart. Once the heart is
carefully removed from the table, and the pulmonary team
proceeds with the en bloc lung removal.13

Complete encirclement of the trachea is substantially eas-
ier now that the great vessels have been divided. The con-
tents of the thoracic cavity are removed en bloc to prevent
injury to the membranous trachea, pulmonary arteries, and
pulmonary veins. Completion esophagectomy is performed
with a GIA stapler, the thoracic aorta is transected, and the
lungs are removed en bloc.

Implantation into Recipient

All recipients should have complete hemodynamic monitor-
ing including a Swan–Ganz catheter. Transesophageal echo-
cardiography is routinely performed and should be available.
Double-lumen endotracheal intubation is performed for
adults, followed by replacement with a single-lumen tube at
the completion of the procedure. For children and small
adults, routine cardiopulmonary bypass is utilized.14

For single-lung transplantation, the choice of side of trans-
plant is based on several factors, but when possible, the side
with the poorest function determined by preoperative venti-
lation perfusion scanning is transplanted, provided the pres-
ence of a normal thoracic cavity. The standard incision is the
posterolateral thoracotomy. In patients with pulmonary hy-
pertension with profound hypoxia or hypercarbia, the right
side is preferred, which enables easier placement of cannulas
for cardiopulmonary bypass. A pneumonectomy is performed
via standard technique.

The donor lung is placed within the recipient’s chest cav-
ity covered by a cold lap pad. The bronchial anastomosis is

usually performed first. Following this, the pulmonary artery
of the donor and recipient are aligned in proper orientation
and trimmed to prevent excessive length and possible kink-
ing of the pulmonary artery postoperatively. The anastomo-
sis is performed end-to-end. Finally, the left atrial cuff of the
donor containing the superior and inferior pulmonary veins
is anastomosed to the recipient’s left atrium.14 Following
completion of the transplantation and closure of the incision,
bronchoscopy is performed before leaving the operating room
to check for adequacy of the bronchial anastomosis.

Postoperative Care

Immediately postoperatively patients are transported intu-
bated to the intensive care unit for constant monitoring. Once
stabilized, a standard ventilator pressure support weaning pro-
tocol is initiated. All attempts are made to limit mean air-
way pressures to prevent barotrauma to the new anastomo-
sis. In single-lung transplant patients with COPD, zero or
minimal positive end-expiratory pressure (PEEP) is used,
along with prolonged expiratory phase of ventilation to pre-
vent stacking of breaths and air-trapping in the native lung.
The patient should be turned to the lateral position with the
transplanted side up to maintain optimal function of the graft.
Only rarely is it necessary to use a dual-lumen endotracheal
tube to prevent hyperinflation of the native lung with subse-
quent compression of the transplanted lung. The smaller-
diameter lumens of double-lumen tubes do not allow easy
suctioning or bronchoscopy. Furthermore, maintaining the
desirable position of these tubes is more difficult and subse-
quent lobar atelectasis may occur with malposition.

Postoperatively, a quantitative lung perfusion scan to as-
sess for adequate patency and graft flow is usually performed.
Typically, mismatch between perfusion and ventilation oc-
curs more commonly in single-lung transplant recipients. If
a lobar or greater perfusion defect is appreciated, further in-
terrogation for the cause should be undertaken either by
catherization or operative exploration.

Careful fluid management is necessary to avoid substan-
tial transplant lung edema, and usually negative fluid balance
is attempted within the first 48 h. Adequate urine output is
carefully maintained with combinations of blood, colloid, di-
uretics, and dopamine at 2 to 3 �g/kg/min. Before extubation,
patients undergo bronchoscopy to ensure adequate clearance
of secretions. Following extubation, the apical chest tubes are
removed in the absence of an air leak, commonly within 48
h postoperatively. Because of the frequent occurrence and re-
occurrence of pleural effusions postoperatively, especially in
bilateral lung transplant candidates, the basal chest tubes re-
main for several days, usually being removed on postoperative
day 5 to 7 (chest tube drainage, �150 ml/24°).

Vigorous chest physiotherapy, postural drainage, inhaled
bronchodilators, and frequent clearance of pulmonary secre-
tions by endotracheal suctioning are required in the postop-
erative care of these patients. In patients with early allograft
dysfunction requiring prolonged intubation, early tracheos-
tomy allows easier mobility and better patient comfort, oral
hygiene, and clearance of pulmonary secretions.

Adequate pain control is a necessity to prevent atelectasis
from poor chest movement and inadequate coughing effort
secondary to postthoracotomy incisional pain. An epidural
catheter typically is used to provide this relief.
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Most institutions prefer that transplant recipients undergo
scheduled surveillance bronchoscopies with bronchoalveolar
lavage (BAL) and transbronchial lung biopsies (TBBx); however,
some perform only diagnostic bronchoscopies with BAL and
transbronchial biopsies based on clinical indication.15 There
have been no randomized trials addressing which approach is
optimal. Samples from the BAL are routinely sent for cytol-
ogy, Gram’s, KOH, and AFB stains and immunostains for res-
piratory viruses, herpes simplex virus, and CMV. Additionally
bacterial, mycobacterial, fungal, and viral cultures are per-
formed. Open-lung biopsies are performed on occasion when
necessary and may be particularly useful in later time points.16

Immunosuppression

The initial immunosuppression protocol utilized at Duke
University Medical Center consists of triple therapy includ-
ing cyclosporine, azathioprine, and corticosteroids. The role
of newer immunosuppressive agents in lung transplantation
is still being defined. 

Infection Prophylaxis

Table 51.4 shows the infection prophylaxis regimen utilized
at Duke University Medical Center.

Postoperative Complications

Anastomotic Complications

Anastomotic complications including dehiscence, stenosis,
and malacia are rare in lung transplant recipients today be-
cause of improvement in anastomotic techniques, improve-
ment in pulmonary preservation, and improved care in pre-

serving collateral circulation during harvesting. However,
when these airway complications occur they often are ini-
tially detected by bronchoscopy and are a result of anasto-
motic ischemia and/or infection. Treatment is surgical repair
if the anastomosis is technically inadequate. When a dehis-
cence occurs as a result of ischemia and necrosis at the su-
ture line, it may present as the development of massive air
leak or mediastinal emphysema in the early posttransplant
period. If the dehiscence remains localized, it usually will heal
by granulation and reepithelialization so long as adequate
drainage of the dehiscence is maintained, which may on oc-
casion require external drainage. Persistent air leaks are
treated by chest tube placement.

Late complications from airway ischemia, infection, and
dehiscence include bronchial stricture or malacia and may pre-
sent as stridor and wheezing. Bronchoscopic assessment con-
firms the diagnosis. Bronchial stenosis and bronchomalacia
can be successfully treated with serial balloon dilatation in
the case of bronchial stenosis and stent placement in cases of
refractory bronchial stenosis and bronchomalacia.

Primary Graft Failure

Primary graft failure (PGF) is believed to represent the extreme
of severe reperfusion injury to the donor lung. Clinically, PGF
is initially characterized by pulmonary edema with the radi-
ologic findings of patchy infiltrates progressing to diffuse con-
solidation. The incidence of PGF varies depending on institu-
tional definition between 13% and 35% of transplants.17

Mortality from primary graft failure is high, with one series
reporting 60% of patients dying before hospital discharge.17

Treatment of primary graft failure is usually supportive
with continued mechanical ventilation, positive end-expira-
tory pressure, and high levels of inspired oxygen. Inhaled ni-
tric oxide has been proven to improve oxygenation and car-
diopulmonary performance in patients experiencing severe
reperfusion injury.18 Extracorporeal membrane oxygenation
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TABLE 51.4. Infection Prophylaxis Regimen at Duke University Medical Center.

Bacterial 7–10 day course (or until invasive lines are 
removed) of antimicrobial prophylaxis
consisting of ceftazidime and vancomycin; 
modified depending on results of cultures
obtained from donor and recipient before
transplantation

Viral CMV donor positive/recipients positive Donor positive/recipient negative Donor negative/recipient negative
Ganciclovir 5 mg/kg i.v. every 12 h for 2 weeks CMV hyperimmune globulin CMV negative and leuko-reduced

followed by 5 mg/kg/day for 2 weeks (CytoGam) at 150 mg/kg per packed red blood cells if
dose for a total of 5 doses transfusion is required
over 8 weeks and ganciclovir
5 mg/kg i.v. every 12 h for
4 weeks followed by oral
ganciclovir 1g TID indefinitely

Fungal Aerosolized liposomal amphotericin B as part
of an ongoing study and/or mycostatin
suspension for first 6 months

Pneumocystis Trimethoprim/sulfamethoxazole three times a 
carinii week or monthly, aerosolized pentamidine if
pneumonia allergic to sulfa

Miscellaneous Unless specific contraindication, pneumococcal  
vaccine before lung transplantation, and yearly
influenza vaccines after transplantation; 
hepatitis B series vaccine; if seronegative for
varicella, then varicella vaccine



may be required when refractory hypoxemia persists despite
adequate mechanical ventilation and nitric oxide.

Acute Rejection

Acute rejection of the lung allograft is expected to occur in
the first couple of months and usually weeks post transplant.
In 60% of the transplant recipients, the first episode of acute
rejection occurs in the first 6 months post transplant. Nor-
mally symptomatic episodes present with dyspnea, hypox-
emia, low-grade fever, and moderate leukocytosis and can be
difficult to differentiate from early infection. The chest radio-
graph findings of diffuse perihilar interstitial infiltrates along
with these clinical findings further suggests rejection, but im-
portantly can occur with infection also. Bronchoscopy with
transbronchial biopsies and BAL can be helpful in confirm-
ing the diagnosis and ruling out infection. A uniform grading
system for classification of pulmonary transplant rejection is
based on histological criteria found on biopsy, recognizing
that injury occurs to the vasculature and the airways in both
acute and chronic graft rejection (see Table 51.5). Although
vascular and airway inflammation are recognized in defining
acute rejection, the consensus is more uniform on treatment
of the perivascular inflammation while much less agreement
exists on treatment of peribronchial inflammation.

Acute rejection is usually treated with i.v. methylpred-
nisolone, 500 to 1000 mg each day for 3 days. Usually there is
improvement in symptoms and radiographic findings within 8
to 12 h. Often this is followed with a steroid taper. Treatment
of steroid refractory acute rejection is not uniform. A trial of
cytolytic therapy is often initiated with either a polyclonal an-
tibody such as antilymphocyte globulin or a monoclonal anti-
body such as OKT3 (antibody to CD3 receptor on lympho-
cytes). Other regimens have been attempted, but no controlled
trials have been performed, with reported studies having small
numbers of patients and varying degrees of success.

Chronic Rejection

Bronchiolitis obliterans is the histological finding of chronic
rejection in the lung allograft. It is characterized by dense
eosinophilic scar formation and fibrosis of the small airways.
The presentation of chronic rejection is often subtle, and the

first sign may be a drop in FEV1 on routine testing. The patho-
logical diagnosis can be very difficult to make especially on
TBBx because of the nonuniformity of areas involved, and
open-lung biopsy, although occasionally beneficial, is usually
not performed.

Treatment of patients with bronchiolitis obliterans syn-
drome (BOS) or BO rarely reverses the lung dysfunction. Sev-
eral therapies have been attempted, including increasing stan-
dard immunosuppression regimens, cytolytic therapy, inhaled
steroids, aerosolized CyA, methotrexate, tacrolimus, MMF, to-
tal lymphoid irradiation, photopheresis, and plasmapheresis; a
few have resulted in stabilization of the patients pulmonary
status but generally treatment is disappointing.19–32 Despite at-
tempts to reverse or stabilize the patients pulmonary status,
progression of the chronic rejection process occurs, and re-
transplantation has been used with moderate success.

Infectious Complications

BACTERIAL

Bacterial infections are most common in the early posttrans-
plant period and remain the primary cause of mortality in the
early posttransplant period.33 Gram-negative pathogens such
as Pseudomonas spp., Klebsiella, and Haemophilus influen-
zae are responsible for most early posttransplant bacterial
pneumonias, but gram-positive organisms such as Staphylo-
coccus aureus are also causes.

VIRAL

Cytomegalovirus disease is the most commonly seen infec-
tious postoperative complication, reportedly affecting be-
tween 13% and 75% of transplant patients depending on 
definitions of CMV disease and use of CMV prophylaxis.34,35

Confirmation of the diagnosis of CMV disease is by demon-
stration of CMV inclusion bodies or positive immunoperox-
idase stain on tissue biopsies. The routine use of ganciclovir
prophylaxis delays the onset and severity of CMV infections
in most patients.36 Most CMV infections respond to 14 to 21
days of i.v. ganciclovir.

Most commonly isolated non-CMV viruses included her-
pes simplex virus (HSV), rhinovirus, and parainfluenza
viruses. Less frequently isolated viruses were respiratory syn-
cytial virus, influenza virus, adenovirus, and varicella zoster
virus. HSV, parainfluenza, adenovirus, varicella zoster, and
respiratory syncytial virus were associated with a greater clin-
ical severity of illness.

FUNGAL

Fungal infections are a major problem after lung transplanta-
tion and occur early and late post transplant. Candida albi-
cans is commonly isolated posttransplant, but usually repre-
sents colonization33; however, it may also be invasive.37

Aspergillus spp. can also represent colonization, but more of-
ten the presence of these organisms is more serious. Reports
of other fungal infections such as Histoplasma, Coccidiomy-
cosis, Zygomycetes, and Cryptococcus are less common.33

OTHER

Mycobacterium tuberculosis and atypical Mycobacterium
species have been seen in lung transplant recipients. Pneu-
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TABLE 51.5. Grading of Acute Pulmonary Allograft Rejection.

A. Acute rejection
Grade 0 None
Grade 1 Minimal
Grade 2 Mild
Grade 3 Moderate
Grade 4 Severe

B. Airway inflammation
With or without
Lymphocytic bronchitis/bronchiolitis
May grade

Grade 0 None
Grade 1 Minimal
Grade 2 Mild
Grade 3 Moderate
Grade 4 Severe
Grade X Ungradable

Source: Adapted from Yousem SA, Berry GJ, Cagle PT, et al. Revision of the
1990 working formulation for the classification of pulmonary allograft rejec-
tion: lung rejection study group. J Heart Lung Transplant 1996;15:2.



mocystis carinii pneumonia is only rarely seen because of ad-
equate prophylaxis with trimethoprim-sulfamethoxazole.
Other uncommon organisms isolated and reported include
Actinomyces, Mucormycosis, and Nocardia.33,38

Posttransplant Malignancies

Posttransplant lymphoproliferative disorder (PTLD) caused by
Epstein–Barr virus occurs in 6.2% to 9.4% of the lung trans-
plant population and generally is seen 6 months or longer af-
ter transplantation, more commonly in the transplanted
lung.39 In the lung transplant population, the development of
PTLD is associated with a 40% mortality. The clinical course
of PTLD varies from relatively benign to an aggressive non-
Hodgkin’s lymphoma picture. Treatment is based on the stage
and progression of disease. Initially a trial of reduction of im-
munosuppression is attempted, particularly with disease lim-
ited to the allograft. Although chemotherapy has been used
in patients with widespread disease or who have progression
of disease, treatment-related mortality is considerable. The
role of immunotherapy for aggressive disease holds promise.

Results

Over the past 15 years, almost 5000 single-lung transplants
and more than 3000 double-lung transplants have been per-
formed. According to the ISHLT registry data, the most com-
mon indication for single-lung transplantation is emphysema,
accounting for 44%, followed by IPF (21%), alpha-1-anti-
trypsin deficiency (11%), PPH (5%), retransplant (3%), CF
(2%), and miscellaneous (14%). For double-lung transplanta-
tion, the largest pretransplant diagnosis is cystic fibrosis,
which represents 34% of the cases. Other indications for 
double-lung transplantation include emphysema (18%), mis-
cellaneous (18%), alpha-1-antitrypsin deficiency (11%), PPH
(10%), IPF (7.5%), and retransplantation (2%).

Actuarial survival rate for lung transplants were 70%,
55%, and 40% at 1, 3, and 5 years respectively for all lung
transplants reported to ISHLT as of March 1998.1 According
to the ISHLT, median survival for bilateral recipients was 4.5
years and for single-lung recipients was 3.6 years.

Quality of Life

Multiple studies have addressed quality of life in lung trans-
plant recipients.40–44 Improvement in quality of life is seen
posttransplant and usually becomes evident after 3 to 6
months. Pretransplant psychological status appears to affect
posttransplant quality of life and adjustment.41

Living-Related and Nonrelated 
Lobar Transplantation

Living lobar transplantation using a lobe from two separate
donors has been successfully used mostly in cystic fibrosis
patients but also in other recipients.45,46 Morbidity from
lobectomy is low in the donors. In the recipients undergoing
lobar transplants with cystic fibrosis, the 1-year survival is
73.8%, and in the recipients with other lung diseases the 
1-year survival is 75%.46 One report comparing outcomes 
between living lobar and cadaveric lung transplantation in

children concluded that living lobar transplants were pre-
ferred in children.
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Heart Transplantation
Daniel Kreisel and Bruce R. Rosengard

Donor Issues

The clinical success of cardiac transplantation for patients
suffering from end-stage heart failure has led to an increased
demand for heart donors. Currently, one-third of patients
listed for transplantation die while awaiting a suitable donor
organ. The availability of donor organs is presently the pri-
mary limiting factor to cardiac transplantation. As in the case
of abdominal organs, a common approach has been to extend
the acceptance criteria for hearts. Donor parameters such as
advanced age, high-dose inotropic support, seropositivity for
hepatitis C, size and gender mismatch, echocardiographic 
abnormality, and prolonged cold ischemic time have been re-
considered as contraindications to organ usage. Certain cri-
teria such as donor seropositivity for HIV, intractable ven-
tricular dysrhythmias, extracranial malignancy, documented
prior myocardial infarction, severe coronary artery or valvu-
lar disease, and death from carbon monoxide poisoning with
a blood carboxyhemoglobin level greater than 20% remain
absolute contraindications.

Recipient Issues

Pulmonary Hypertension

Pulmonary hypertension in heart transplant recipients most
commonly arises as a consequence of long-standing left-
ventricular dysfunction. An elevated pulmonary vascular re-
sistance is the primary risk factor for right heart failure in the
perioperative period. Right heart failure is thought to occur
as a result of the sudden increase in right-ventricular after-
load when a heart is implanted into a patient with pulmonary
hypertension. Hence, evaluation of the severity and the re-
versibility of pulmonary hypertension with serial right heart
catheterization is a critical component of heart transplant
candidate selection.1 Patients with reversible pulmonary hy-
pertension can safely undergo heart transplantation because
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pulmonary artery pressures normalize after implantation of a
graft with normal left-ventricular function.

The introduction of inhaled nitric oxide into clinical prac-
tice has made an enormous impact on the perioperative man-
agement of patients with elevated pulmonary vascular resis-
tance as a result of long-standing left heart failure. One
question that remains unanswered is whether nitric oxide
would allow programs to transplant patients with higher de-
grees of pulmonary vascular resistance. Careful study is re-
quired before routine recommendations for a pulmonary vas-
cular resistance cutoff can be made.

Diabetes Mellitus

Diabetic patients are often excluded from transplantation be-
cause of the systemic consequences of long-standing disease
and an increased baseline susceptibility to infections, which is
exacerbated by immunosuppressive therapy. Because high-dose
corticosteroids make blood sugar control in diabetics extremely
difficult, this increases the infectious risk in the perioperative
period. The high prevalence of atherosclerosis in the diabetic
population increases the risk of peripheral vascular complica-
tions. Last, the nephrotoxicity of cyclosporine and tacrolimus
in the setting of diabetic nephropathy can lead to frank renal
failure. At the same time, the increased incidence of coronary
artery disease and cardiomyopathy in diabetics results in a sig-
nificant number of potential heart transplant recipients in this
patient population.

Improvements in immunosuppression, leading to reduced
doses of corticosteroids, as well as refinements in operative
and perioperative management have led an increasing num-
ber of centers to consider selected diabetic patients for car-
diac transplantation.

Dual Listing

In 1991, cardiologists and cardiothoracic surgeons from the
University of California at Los Angeles proposed an “alter-



nate” recipient list as an approach to maximize the utiliza-
tion of marginal donor hearts and thereby expand the num-
ber of organ recipients.2 The guiding principle behind their
method was matching the higher-risk patients with the
higher-risk donors. High-risk candidates constituted patients
over the age of 65 years and those who were being considered
for a third heart transplant. Criteria that defined marginal
donors included ventricular dysfunction requiring high-dose
inotropic support, wall motion abnormalities on echocardi-
ography, coronary artery disease, donor age greater than 55
years, a history of cardiac risk factors (e.g., smoking), and pro-
longed ischemia time. In the UCLA series, there was no sig-
nificant difference between this patient population and “stan-
dard” heart transplant recipients with respect to length of stay
in the intensive care unit, duration of hospitalization, post-
operative cardiac function, frequency of acute rejection, inci-
dence of infectious complications, or actuarial survival at 1
year. The early outcomes of the UCLA group justified the “al-
ternate” list as a potential approach to expand the recipient
population to include patients who would otherwise not be
considered for this lifesaving procedure.

Elderly

Age greater than 60 years has traditionally been considered
to be an exclusion criterion for heart transplantation, based
on several studies that found advanced age adversely influ-
ences outcome.3,4 However, a recent series of heart trans-
plants in patients �65 years old showed that survival rates
at a mean follow-up period of 3.2 years were comparable to
a cohort of younger heart transplant recipients.5 In addition,
the quality of life indices of the elderly patient group were
quite satisfactory.

Ventricular Assist

Temporary circulatory support with ventricular-assist devices
(VADs) has become a well-established treatment option for
patients awaiting cardiac transplantation. Recent studies
demonstrate that transplantation after mechanical support of-
fers satisfactory outcomes to a population of patients who
otherwise would have faced certain death.6 However, bridge-
to-transplant patients, who have usually suffered hemody-
namic deterioration with consequent end-organ dysfunction,
have a lower overall survival rate after heart transplantation
than nonbridged controls. Despite continuous advances in
this field, mechanical vetricular assistance is associated with
the potential for several complications that can preclude
transplantation. 

As more data become available, it is likely that VAD pa-
tients may need to be considered for dual listing because they
represent a “high-risk” group.

Surgical Issues

Bicaval versus Biatrial

Orthotopic heart transplantation is usually performed using
one of two different techniques (Figs. 52.1–52.5). The biatrial

technique developed by Shumway and Lower, which is con-
sidered to be the standard method, involves performing the
recipient cardiectomy by removing the ventricles at the AV
groove and then trimming the atria, leaving a cuff of atrial
wall behind. The recipient heart is implanted using four anas-
tomoses: the left and right atria, the pulmonary artery, and
the aorta.

The alternative method is termed bicaval orthotopic heart
transplantation. In most cases, bicaval implantation is per-
formed with a left-atrial anastomosis, identical to that 
performed using the standard biatrial technique. Thus, the
procedure requires five anastomoses. Total orthotopic heart
transplantation involves complete excision of the recipient
heart except for two pulmonary venous cuffs and two caval
cuffs. Bilateral pulmonary venous anastomoses and individ-
ual anastomoses of the cavae are performed during implan-
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FIGURE 52.1.  Recipient cardiectomy for standard heart transplan-
tation.

FIGURE 52.2.  Graft after completed implantation.



FIGURE 52.5.  Graft after completed implantation.

FIGURE 52.3.  Incision lines for recipient cardiectomy in bicaval
heart transplantation.

tation, for a total of six anastomoses. For this reason, total
orthotopic transplantation has not gained widespread appli-
cation.

Several nonrandomized studies have demonstrated im-
proved atrial function,7,8 a reduction in atrial arrhythmias,9,10

fewer left-atrial thrombi,11 and improved tricuspid and mitral
valve function with the bicaval procedure.12 However, these

echocardiographic findings have yet to be correlated to clin-
ical endpoints.

Cardioplegia

The need to expand the donor pool has led to a renewed in-
terest in improving techniques for myocardial protection. Re-
mote procurement of cardiac allografts is greatly limited by
the lack of methods for prolonged myocardial preservation.
The incidence of primary graft failure that occurs as a result
of suboptimal preservation techniques is still unacceptably
high. Although primary nonfunction of the graft may not be
life threatening in kidney transplantation, the heart trans-
plant recipient depends on immediate function of the allo-
graft. Unlike the case with kidneys and livers, there is great
variability among heart transplant centers with respect to
preservation methods. Research has focused on methods of
cardioplegic induction, efficacy of different cardioplegic solu-
tions, choice of the transport medium and storage modalities,
and reperfusion strategies.

In most cases, antegrade cardioplegia is administered
through the aortic root during the procurement. Tradition-
ally, cardioplegia has consisted of cold, high-potassium crys-
talloid solutions, which lead to a quick diastolic arrest of the
heart. However, in the routine practice of cardiac surgery, in-
vestigators have described improved myocardial protection
by using blood-based cardioplegia. Several theoretical advan-
tages exist for using blood-based cardioplegia for donor hearts.
As compared to crystalloid solutions, blood cardioplegia pro-
vides osmotic support that reduces myocardial edema, ex-
cellent buffering capacity that minimizes intracellular aci-
dosis, free radical scavengers, and improved rheological
properties. In addition, blood cardioplegia can provide oxy-
gen for aerobic metabolism, although this effect is minimized
when the solution is delivered at low temperatures. Favor-
able results with induction of cardiac arrest in the donor with
cold blood cardioplegia as compared to a cold crystalloid so-
lution have been reported.13

HEART TRANSPLANTATION 6 4 7

FIGURE 52.4.  Completion of recipient cardiectomy.



Reperfusion is the final component of perservation of the
cardiac allograft. Controversial areas include the composition,
temperature, and infusion pressure of reperfusion solutions.
Common regimens include intermittent doses of cold blood or
cold oxygenated crystalloid cardioplegia during graft implan-
tation and delivery of a warm, blood-based solution before re-
lease of the aortic cross-clamp. Important characteristics of the
ideal reperfusion solution are the capacity for oxygen delivery,
the provision of substrate, the maintenance of asystole with
high concentrations of potassium, and normothermic condi-
tions to enhance anabolism and cellular repair. The goal is to
facilitate metabolic recovery and thus improve early graft func-
tion. Ultimately, single-dose, antegrade, crystalloid cardiople-
gia remains the standard in clinical practice and is very un-
likely to change due to the simplicity of the approach.

Heterotopic Auxiliary Heart Transplantation

The first human heterotopic heart transplantation was per-
formed by Barnard and Losman in 1974.14 The donor heart is
implanted in parallel by anastomosing donor and recipient atria
and great vessels. Cooper15 summarized the limited indications
for this procedure: (1) patients in whom recovery of the native
myocardium is possible; (2) situations in which the function
of the donor heart is considered inadequate to maintain the re-
cipient’s cirulation alone (undersized donors, long ischemic in-
tervals, etc.); (3) recipients with elevated pulmonary vascular
resistance; (4) situations requiring a bridge to orthotopic heart
transplantation; and (5) certain cases of severe angina that are
unresponsive to medical therapy or myocardial revasculariza-
tion where left-ventricular function is preserved. Because sev-
eral reports suggest that undersized donor hearts implanted het-
erotopically are not detrimental to long-term allograft function,
it is generally thought that fixed pulmonary hypertension in
the recipient is the only absolute indication for heterotopic
heart transplantation.16 Heterotopic heart transplantation
brings with it a unique set of complications, which may con-
tribute to slightly worse outcomes as compared to orthotopic
heart transplantation. Over the past 5 years, heterotopic aux-
iliary heart transplants have been performed worldwide with
a 1-year survival of 71% as compared to a 1-year survival rate
of 91% for orthotopic transplants. However, as heterotopic aux-
iliary heart transplantation is reserved for selected high-risk
situations, it is not clear that the procedure is, in fact, any less
successful or any more morbid. Complications of the hetero-
topic procedure include an increased risk of pulmonary infec-
tions due to obstructive atelectasis of the right lower lobe, an
increased high risk of thromboembolic events from thrombus
formation in the native heart, and mitral regurgitation in donor
and native hearts. Auxiliary heart transplantation remains an
acceptable option in certain, selected clinical situations.

Postoperative Management: ICU Phase

Inotropic Support

Right-ventricular dysfunction is a common occurrence in the
early posttransplant period that requires the administration
of pulmonary vasodilators and inotropes. Isoproterenol, a pure
�-agonist, is a positive inotrope and chronotrope that also re-

duces right-ventricular afterload by dilating the pulmonary
arterial tree. It is a first-line agent and is used prophylacti-
cally by virtually all surgeons and intensivists for the trans-
plant recipient. The dose is titrated to a heart rate of 90 to
120. Low-dose dopamine is also frequently administered rou-
tinely to increase heart rate and splanchnic and renal perfu-
sion in hope of mitigating the toxicity of cyclosporine or
tacrolimus. Other inotropes or vasoconstrictors are often
added, depending on the clinical situation. Pulmonary hy-
pertension often necessitates the use of milrinone, amrinone,
or enoximone. However, the peripheral vasodilating effects of
these agents often limits their utility, particularly in patients
who have been managed for long periods of time on ACE in-
hibitors. Inhaled nitric oxide, which is selective for the pul-
monary vasculature by dint of its route of administration, has
become an essential component in postoperative manage-
ment.17 In addition to perioperative right heart dysfunction,
the other common hemodynamic derangement in the post-
operative period is a low systemic vascular resistance due to
a combination of the effects of cardiopulmonary bypass and
chronic therapy with ACE inhibitors. Alpha agonists such as
phenylephrine and norepinephrine have traditionally been
used as vasoconstrictors. Recently, the use of vasopressin has
been popularized by several groups.18 The primary advantage
of vasopressin is that it increases systemic vascular resistance
without altering myocardial oxygen demand.

Pacing

The transplanted heart is devoid of autonomic innervation
and has a resting heart rate of approximately 100 beats per
minute. Although bradyarrhythmias are common in the early
postoperative period, tachyarrhythmias are far less common
and are often associated with acute allograft rejection. As the
sinus node usually resumes normal function within 3 weeks,
the majority of these cases respond well to pharmacological
agents or temporary pacing via epicardial wires. In most se-
ries, the incidence of perioperative nodal dysfuntion requir-
ing permanent pacing is approximately 5%.

Pulmonary Hypertension

Failure of the right ventricle in the immediate and the early
postoperative period accounts for nearly half of all cardiac
complications following heart transplantation. It can be as-
sociated with inability to separate the patient from car-
diopulmonary bypass and represents one of the major risk fac-
tors for death. In recipients with elevated pulmonary vascular
resistance, the etiology of right-ventricular dysfunction is the
abrupt increase in afterload at the time of the operation, aided
and abetted by ischemia–reperfusion injury. To avert acute
graft failure, it is imperative to effectively control the recip-
ient’s hemodynamics immediately after discontinuation of
cardiopulmonary bypass. There are several agents in clinical
use that dilate the pulmonary vasculature and thus lower the
pulmonary vascular resistance and, hence, reduce right-
ventricular afterload. The pulmonary vasodilators differ in
their selectivity of action and therefore in their systemic side
effects. These include intravenous sodium nitroprusside,
prostacyclin, prostaglandin E1, and inhaled nitric oxide. Com-
parative studies suggest that the high degree of pulmonary se-
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lectivity makes inhaled nitric oxide the preferred treatment
for pulmonary hypertension in the postoperative phase.

Immunosuppression

The lack of a generally accepted guideline and newly emerg-
ing regimens lead to divergent policies at different heart trans-
plant centers. Controversies are not just limited to mainte-
nance immunosuppression but extend to monitoring for
rejection and treatment of rejection episodes.

Induction Therapy

There is great controversy in the literature with respect to
the necessity for induction therapy with cytolytic agents in
heart tranplantation. Induction therapy refers to the admin-
istration of cytolytic agents for 7 to 14 days in the immedi-
ate postoperative period. The principal cytolytics in clinical
use include the polyclonal agents horse, antithymocyte glob-
ulin (ATGAM), rabbit antithymocyte globulin (Thymoglobu-
lin), and the murine monoclonal antibody OKT3.

The use of cytolytic induction therapy is most advanta-
geous in patients who have preexisting renal dysfunction.
Early postoperative administration of cyclosporine in such pa-
tients leads to oliguria or anuria and, consequently, poor out-
come.19 Cytolytics postpone the need to begin cyclosporine
until hemodynamic parameters improve and the effects of car-
diopulmonary bypass resolve, thus reducing the toxic effects
of the drug. Induction therapy is also beneficial in heart re-
cipients who are at a higher risk for acute rejection (e.g., 
retransplantation candidates or presensitized patients). Sev-
eral investigators have suggested that the use of induction
therapy may permit subsequent discontinuation of steroids.20

Finally, there is controversy whether induction therapy has
any impact on later episodes of rejection.

The risk of infection and the question of an association
with lymphoproliferative disorders are the main arguments
against the use of cytolytic induction therapy. However, the
available data are rather inconclusive.

Mycophenolate Mofetil versus Azathioprine

Mycophenolate mofetil inhibits de novo purine synthesis.
Mycophenolate mofetil was designed to exert preferential ef-
fects on both B- and T lymphocytes, because lymphocytes
lack the salvage pathway for purine synthesis. This selective
action may represent an advantage of mycophenolate mofetil
over azathioprine, which inhibits both the de novo and the
salvage pathways of purine biosynthesis and thereby sup-
presses erythropoiesis and neutrophil production, in addition
to blocking lymphopoiesis. Favorable results of an uncon-
trolled, nonrandomized phase I trial of the efficacy and safety
of mycophenolate mofetil in heart transplant recipients were
published in 1993.21

More recently, a randomized multicenter double-blind
trial comparing the efficacies of mycophenolate mofetil and
azathioprine in 650 heart transplant recipients additionally
receiving cyclosporine and corticosteroids as maintenance
immunosuppressants has been reported.22 Patients who were
treated with mycophenolate mofetil had higher 1-year sur-

vival rates as well as higher rates of freedom from allograft
rejection at 6 months. Overall, substitution of mycopheno-
late mofetil for azathioprine in maintenance immunosup-
pression appeared beneficial, although the differences are not
dramatic and a substantial number of patients are unable to
tolerate the drug because of GI toxicity.

Cyclosporine versus Tacrolimus

Tacrolimus has been shown to be 10- to 100-fold more potent
than cyclosporine at inhibiting the activation of alloreactive
T lymphocytes when compared on a molar basis. The spec-
trum of adverse effects resembles that of cyclosporine, in-
cluding nephrotoxicity, central nervous system toxicity, hy-
pertension, and gastrointestinal disturbances. Three recent
randomized trials have compared the efficacy of cyclosporine
and tacrolimus in preventing acute rejection in heart trans-
plant recipients.23–25 The studies demonstrated equivalent sur-
vival rates and incidences of acute rejection. The primary 
differences noted were the distribution of drug-related compli-
cations. Nephrotoxicity was slightly more frequent in patients
treated with tacrolimus. Moreover, tacrolimus was frequently
associated with hyperglycemia. In contrast, cyclosporine was
associated with higher incidences of hypertension and hyper-
cholesterolemia. Neurotoxocity was equivalent.

Steroids

Triple-drug immunosuppression with cyclosporine, azathio-
prine, and corticosteroids after heart transplantation has been
shown to be associated with improvements in short- and long-
term survival.26 The ability of this combination to signifi-
cantly reduce the incidence of acute rejection has made it the
most commonly used regimen in both the adult and the pe-
diatric populations.

Approaches to decrease morbidity from steroid use have
varied from late weaning many months posttransplant27 to
protocols that exclude steroids entirely from maintenance im-
munosuppression. In one report, patients who were with-
drawn from steroids had a higher incidence of allograft rejec-
tion, but also had a decrease in infectious complications and
a reduction in bone loss. The authors concluded that even in
the absence of induction therapy early withdrawal from
steroids was safe for the majority of patients.

Given the significant morbidity associated with their use,
it is likely that efforts to aggressively wean steroids are war-
ranted.

Endomyocardial Biopsy

The routine use of postoperative surveillance endomyocardial
biopsies has contributed to an overall increase in survival af-
ter cardiac transplantation. Biopsy allows allograft rejection
to be detected and therefore treated before the onset of he-
modynamically significant graft dysfunction. Because allo-
graft rejection is most common early after transplantation,
endomyocardial biopsies have been traditionally performed
weekly for the first month and progressively less frequently
thereafter. Despite ongoing attempts to develop noninvasive
techniques to monitor allograft rejection, transvenous en-
domyocardial biopsy has remained the gold standard for di-
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agnosis of rejection. However, because this is an invasive, ex-
pensive procedure, the utility of continuning with biopsies
more than 1–2 years following transplant has been ques-
tioned. Thus, policies for routine surveillance biopsy vary by
both indication and patient risk factors.

Rejection Therapy

Cardiac allograft rejection accounts for approximately one-
third of all deaths related to the procedure. Treatment of re-
jection episodes depend on histological grade and on clinical
symptoms. The rationale to treat even mild acute cardiac re-
jection without hemodynamic compromise early and aggres-
sively stems from the beliefs that low-grade rejection is a pre-
cursor to high-grade rejection and that repetitive episodes of
untreated low-grade rejection can compromise long-term car-
diac function and may predispose to cardiac allograft vascu-
lopathy. This notion that low-grade rejection portends high-
grade rejection is supported by the observation that increasing
immunosuppression in patients with low-grade rejection 
prevents progression to moderate rejection on subsequent
biopsies.28

A variety of both pharmacological and nonpharmacologi-
cal strategies can be employed for the treatment of allograft
rejection. Corticosteroids have been used most commonly to
treat episodes of cellular rejection with or without hemody-
namic compromise. Policies differ with respect to dose, route
of administration, and tapering after the bolus therapy. Other
small molecule immunosuppressants can reverse acute re-
jection. Tacrolimus has been shown to reverse steroid-resis-
tant acute rejection. Moreover, if substituted for cyclosporine
in the maintenance regimen, it will also prevent recurrent
acute rejection. Methotrexate, a folic acid analogue that in-
hibits the biosynthesis of purine, has been utilized success-
fully in the treatment of recurrent cellular rejection in heart
transplant recipients receiving triple-drug immunosuppres-
sion.29 However, unlike tacrolimus, methotrexate does not
decrease the risk of subsequent rejection episodes.

Cytolytic therapy has been the preferred treatment for
steroid-resistant, hemodynamically significant, and acute
vascular rejection for many years. The success of this ranges
from 17–90%.

The main nonpharmacological modalities for the treat-
ment of allograft rejection are photopheresis and total lym-
phoid irradiation. Photopheresis is an immunomodulatory
therapy in which the patient’s mononuclear cells are treated
with 6-methylpsoralen, a photosensitizing agent, and subse-
quently exposed to ultraviolet A ex vivo. After photoexpo-
sure, these cells are then returned to the patient. It is postu-
lated that these cells stimulate a suppressor response by
altering of antigen presentation. Initially used in the treat-
ment of cutaneous T-cell lymphoma, the indications for pho-
topheresis were expanded to several autoimmune diseases and
more recently to bone marrow and solid-organ transplanta-
tion. Although its specific mechanisms of action have not
been clearly elucidated, preliminary results from animal ex-
periments and small clinical series are encouraging. Several
authors have demonstrated that photopheresis can reverse
steroid-resistant, cytolytic-resistant, or recurrent acute rejec-
tion.30–32 Photochemotherapy also can reduce panel reactive
antibodies in multiparous women or candidates for retrans-
plantation.33 Last, prophylactic photopheresis clearly reduces

the incidence of acute rejection and may help prevent allo-
graft vasculopathy.34,35

Complications

Infections

The drug-induced immunosuppressive state in solid-organ re-
cipients places this population at risk for life-threatening in-
fections. The risk of infectious complications following heart
transplantation is one of the leading causes of morbidity and
mortality, as is clearly illustrated by the fact that more than
two-thirds of all heart transplant recipients develop at least
one infectious episode within the first year after the opera-
tion. Among heart transplant recipients, infections are re-
sponsible for 18% of early and 38% of late mortality. The
type of infection depends on several factors including the pa-
tient’s environment, the time period that has elapsed since
the operation, and the net state of immunosuppression. Bac-
terial infections are common in the perioperative period (0–6
months post transplant) and warrant aggressive work-up and
expeditious treatment. Opportunistic infections (fungal, par-
asitic, viral) tend to occur later in the postoperative course.

The primary controversy that exists with regard to man-
agement of infectious complications after heart transplanta-
tion involves the choice between expectant and prophylactic
management for CMV. We support aggressive prophylaxis in
all circumstances of donor or recipient seropositivity with in-
travenous ganciclovir during the hospitalization, followed by
oral ganciclovir on discharge. We extend therapy with intra-
venous ganciclovir to 6 weeks for seronegative recipients of
seropositive organs. Currently, we use hyperimmune globu-
lin only for those patients with severe symptomatic CMV.

Cardiac Allograft Vasculopathy

The major cause for late morbidity and mortality is cardiac
allograft vasculopathy, which is a pathological process 
distinct from atherosclerotic coronary artery disease. The dis-
ease process is not just limited to the epicardial coronary ar-
teries but also involves intramyocardial arterioles, venous
structures, and the great vessels of the allograft. Cardiac al-
lograft vasculopathy is diffuse in nature, begins distally and
progresses proximally, and is characterized by concentric pro-
liferation of the intima. The pathological anatomy is associ-
ated with abnormalities in the vasodilatory response of the
coronary circulation.36 The precise etiology remains under in-
vestigation. To date, the only definitive therapy for this po-
tentially fatal late complication of cardiac transplantation re-
mains retransplantation.

Retransplantation

The question of cardiac retransplantation involves both eth-
ical and scientific issues. Although it is the only possible life-
saving intervention for an individual patient, society is faced
with a scarcity of donor organs. There are no universal guide-
lines, and health care professionals must make this difficult
decision on a case-by-case basis because a decision for re-
transplantation will deny a potential recipient access to a
transplant. The outcome after retransplantation is generally
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worse than after a primary transplant. The Stanford group 
reported a 1-year survival rate of 49% and a 5-year survival
rate of 24% for retransplanted patients, while in the case 
of primary transplants these figures were 82% and 62%, 
respectively.37

Indications for retransplantation in the early postopera-
tive period are usually allograft failure on the basis of non-
immunological factors (ischemia, high PVR, etc.) or immune-
mediated injury. There are several isolated reports in the
literature of favorable outcomes where patients were bridged
for several hours with assist devices for nonimmunological
primary graft failure before a second heart became available.
Because patients with immediate or early primary cardiac al-
lograft failure are generally hemodynamically unstable, the
urgency of the situation oftens leads to acceptance of mar-
ginal hearts for this already high-risk group. As a result, a re-
cent study found that three of four patients who underwent
retransplantation for primary graft failure died within 2 weeks
of the operation.38 The main indication for cardiac retrans-
plantation is for cardiac allograft vasculopathy in the late
postoperative period. This patient population has more fa-
vorable outcomes after retransplantation. In the Stanford se-
ries, the 1-year and 5-year survival rates for patients who un-
derwent retransplantation for graft atherosclerosis were 69%
and 34%, respectively. Although these results are clearly in-
ferior to primary transplants, they are not poor enough to
clearly contraindicate retransplantation in this subgroup of
patients.
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53

Diseases of the Breast
Helen A. Pass

Clinical Evaluation of the Breast 
Patient: History and Risk Assessment

In addition to a history taken as part of a standard medical
evaluation, there are a variety of items specific to the evalu-
ation of patients with benign and malignant breast diseases.
The patient’s age, age at menarche, age of menopause, and
history of menstrual irregularities should be determined. Age
at first pregnancy, number of pregnancies, and history of
breastfeeding contribute to breast cancer risk assessment.
Evaluation of the medication history should focus upon past
and present use as well as duration of use of oral contracep-
tives and hormone replacement therapies. A past history of
breast complaints and interventions or radiation exposure
must be documented. A family history of breast, ovarian, and
prostate cancer should be sought.

In the evaluation of a patient with a breast mass, one needs
to evaluate when and how it was found, if it has changed
since its discovery, timing relative to menstrual cycle, and if
it is painful. Similarly, complaints of breast pain need to be
correlated with timing of menstrual cycles and aggravating
factors identified. Nipple discharge should be classified as uni-
lateral versus bilateral, spontaneous versus induced, and char-
acterized by color and consistency (bloody, milky, yellow, or
clear). Concern regarding the possibility of cancer should
prompt inquiry of constitutional symptoms such as fatigue,
weight loss, or bone pain.

Risk Assessment

As with other malignancies, an assessment for the develop-
ment of breast cancer is important to define populations that
may benefit from early and more aggressive screening pro-
grams or preventive interactions. The average American fe-
male’s lifetime risk of developing breast cancer is 11% and
her risk of death from breast cancer is 3% to 4%. Numerous
factors have been implicated (Table 53.1) including repro-
ductive or hormonal history, dietary fat or alcohol use, a per-
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sonal or family history of breast cancer, a past history of be-
nign proliferative breast disease (especially if associated with
atypia), and a history of radiation exposure. Nevertheless,
more than two-thirds of women diagnosed with breast can-
cer have no identifiable risk factor.

Management of the High-Risk Patient

Screening Guidelines

Risk factor assessment is imprecise at best, but certain high-
risk populations can be identified. As previously mentioned,
women with a personal history of atypia, radiation exposure,
or family history of breast and/or ovarian cancer are at in-
creased risk for the development of breast cancer. Addition-
ally, a personal history of breast cancer or lobular carcinoma
in situ increases risk and thereby influences screening 
recommendations.

For women with a personal history of breast cancer, 
follow-up is determined by time from diagnosis. Physical ex-
amination should be performed every 3 to 4 months within
the first 2 years from diagnosis, biannually from 2 until 5
years, and annually thereafter. Mammography should be ob-
tained annually. Other laboratory and radiologic evaluation
should be determined by stage at presentation. Women with
lobular carcinoma in situ have twice-yearly clinical breast ex-
aminations and annual mammography. Those with atypia
may be followed annually with both clinical breast exami-
nation and mammography.

Women with a significant radiation exposure or family his-
tory may benefit from earlier screening as proposed by Lynch.1

Patients with an autosomal dominant pattern of transmission
of breast cancer, including those with a BRCA12,3 mutation,
should have twice-yearly physical examination (see Famil-
ial/Hereditary Breast Cancer section). Screening mammo-
grams should be obtained annually or semiannually beginning
10 years younger than the youngest affected relative, or no



TABLE 53.1. Factors Associated with Increased Risk for the 
Development of Breast Cancer.

Increasing age
Age at menarche � 11 years
Age at menopause � 55 years
Age at first pregnancy � 30 years
Nulliparity
Absence of lactation
Use of hormone replacement therapy or fertility regimens
Prior breast biopsy with benign proliferative disease, atypia, or
lobular carcinoma in situ
Family history of breast, ovarian, or prostate cancer
Known carrier of BRCA1 or 2 mutation
Personal history of breast cancer
History of thoracic radiation
Alcohol consumption

Controversial
Prior abortion
High fat diet
Obesity

later than 35 years. The lifetime risk for the development of
breast cancer in a known BRCA1 or BRCA2 carrier has been
estimated at between 60% and 80%.4,5 BRCA1 mutations are
linked to the development of breast, ovarian, and prostate can-
cers6 whereas BRCA2 families have an increased incidence of
male and female breast cancers.7,8 Undoubtedly, practice rec-
ommendations will change as more is learned about the nat-
ural history of these patients.

Chemoprevention

One of the most important new advances for the treatment of
the high-risk patient has been the demonstrated benefit of ta-
moxifen as a chemopreventive agent in women at high risk.
The National Surgical Adjuvant Breast and Bowel Project P-1
Study (NSABP-P1) demonstrated a 49% reduced risk of inva-
sive breast cancer in high-risk women randomized to tamox-
ifen versus placebo.9 High-risk women were defined as those
with a history of lobular carcinoma in situ, a 5-year predicted
risk for breast cancer of at least 1.66% as defined by the Gail
Model, or 60 years of age or older. The findings of the NSABP-
P1 study are consistent with tamoxifen’s demonstrated bene-
fit in lowering the incidence of contralateral breast cancer in
women with a previous history of breast cancer,10 prolonging
survival when used as a postoperative adjuvant in women with
stage I or II disease,11 and efficacy with or without chemother-
apy in the treatment of advanced breast cancer.12 The authors
were careful to point out that even though tamoxifen pre-
vented the occurrence of breast cancer in a substantial num-
ber of patients over the duration of the study, there was no
evidence to support the assumption that carcinogenesis was
inhibited or that tumors were permanently prevented.

A new NSABP chemoprevention trial, P-2, will compare
the benefits and side effects of tamoxifen versus raloxifene in
a prospective randomized fashion. Raloxifene is a selective
estrogen receptor modulator (SERM) that has been used pri-
marily to treat osteoporosis. To date, it has not been shown
to cause an increased incidence of secondary malignancies,

especially endometrial cancer, and therefore has a more at-
tractive toxicity profile than tamoxifen. Its value as a treat-
ment for established breast cancer, an adjuvant agent, or a
chemopreventive agent is still unknown but probable given
its mechanism of action. It is clear that, as newer agents with
fewer detrimental effects become available, more women will
become candidates for chemoprevention.

Prophylactic Mastectomy

It is likely that the indications for prophylactic mastectomy
will continue to evolve as the long-term outcomes of both
chemoprevention and genetic testing become better defined.
There are currently no absolute indications for prophylactic
mastectomy, and decisions are best made on a case-by-case
basis.

Any discussion about prophylactic mastectomy must be
prefaced by the caveat that the efficacy of the procedure is
not established. There are no prospective, randomized con-
trolled trials of prophylactic mastectomy and therefore no ac-
curate data regarding the magnitude of risk reduction with
this procedure. Even with great attention to operative detail,
it is impossible to guarantee removal of all breast tissue, and
therefore it is also impossible to guarantee eradication of all
subsequent risk of the development of breast cancer. If pro-
phylactic surgery is chosen, the operation should be a bilat-
eral total simple mastectomy with sacrifice of the nipple–
areolar complex. This may be performed in a skin-sparing
manner, with or without immediate reconstruction. Subcu-
taneous mastectomy leaves an unacceptable amount of breast
tissue beneath the nipple–areolar complex and therefore is
not a satisfactory operative option.

Various patients may be considered for prophylactic mas-
tectomies. The most common indications include hereditary
breast cancer (i.e., BRCA1 or -2 carriers), strong family his-
tory of breast cancer, a personal history of lobular carcinoma
in situ, or a personal history of atypia combined with a fam-
ily history of breast cancer. Softer criteria include women
with unduly high anxiety about cancer development (after ap-
propriate psychiatric counseling and screening), women in
whom clinical or radiographic surveillance is difficult, and
patients with contralateral breast cancer.

The best study to date regarding the efficacy of bilateral
prophylactic mastectomy is a retrospective study of the out-
come of 639 women with a family history positive for breast
cancer who underwent the procedure.13 After a median 
follow-up of 14 years, prophylactic mastectomy was associ-
ated with a 90% reduction in the incidence and risk of death
from breast cancer as compared to the untreated sisters. Thus,
for select women bilateral prophylactic mastectomy remains
a valid treatment option.

Screening Recommendations

Breast cancer screening relies upon the triad of self-breast ex-
amination (SBE), clinical breast examination (CBE) by a
trained examiner, and screening mammography.

SELF BREAST EXAMINATION (SBE)

Only two prospective randomized trials of SBE have been con-
ducted to date. A randomized population-based SBE trial of
more than 120,000 women ages 40 to 64 has been conducted
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in St. Petersburg since 1985. At interim analysis, there was
no difference in mortality or demonstration of a stage-shift at
presentation between the group that received personalized
SBE training and calendars versus the no-intervention “con-
trol” population.14 Similarly, a randomized trial of SBE in
Shanghai failed to demonstrate a reduction in breast cancer
mortality or a trend toward earlier detection in the SBE
group.15 It is important to remember that, because of the in-
sufficient data to recommend for or against SBE, current prac-
tice patterns should not be changed until additional and
longer-term data are available.

CLINICAL BREAST EXAMINATION (CBE)

Accurate interpretation of the clinical breast examination
(CBE) can be difficult. In a study of 15 patients with malig-
nant lesions evaluated by four experienced surgeons, the di-
agnostic accuracy of concordance for the need for biopsy was
only 73%.16 Nevertheless, CBE should be viewed as a com-
plementary modality to mammography because up to 10% of
breast cancers are mammographically occult.

Physical examination of the breast should ideally be per-
formed the week after menses when there is the least tender-
ness and engorgement. The breast examination begins with in-
spection in both the sitting and supine positions. While sitting,
the patient should be evaluated with the hands relaxed at the
sides, and with the arms raised overhead tensing the pectoralis
muscles. Skin changes including dimpling, retraction, asym-
metry, edema, and/or erythema should be noted. Cervical,
supraclavicular, and axillary nodal basins should be evaluated
bilaterally. If palpable nodes are discovered, the location, num-

ber, size, mobility, consistency, and tenderness should be
recorded. Examination of the breast is best performed in the
supine position with the patient’s ipsilateral hand behind her
head. Each breast should be systematically palpated including
the axillary tail. Areas of abnormality are best described ac-
cording to their location on a clock face with the nipple at the
center. Size, tenderness, borders, consistency, and mobility also
need to be documented. Evaluation of the nipple–areolar com-
plex skin changes, nipple discharge, and subareolar masses
complete the CBE. If latent nipple discharge is expressed, the
location and number of involved ducts as well as the color and
character of the drainage should be noted.

Evaluation of multiple mammographic screening trials has
led to the conclusion that breast physical examination ac-
counts for 50% to 67% of the value of CBE and mammogra-
phy.17 For example, in the Canadian National Breast Screen-
ing Study (NBSS2) only 44% of the cancers were found by
mammography alone18; therefore, CBE and mammography
should be viewed and employed as complementary modalities.

Mammography: The Screening Trials 
and Surveillance Recommendations

Mammography remains the cornerstone of early detection pro-
grams for breast cancer. Multiple trials have demonstrated a
reduction in breast cancer mortality as a result of mammo-
graphic screening of women over 50, and more recent analyses
have now shown a statistically significant benefit for women
40 to 49 years old. Because not all agencies have taken the most
recent trial results into account, screening recommendations
vary among organizations (Table 53.2). The American Cancer
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TABLE 53.2. Screening Recommendations of Various National Organizations.

American Cancer Society65

Age SBE CBE MMG
20–39 Monthly Every 3 years Diagnostic
40–49 Monthly Annually Annually
50� Monthly Annually Annually

National Cancer Institute66,67

Age SBE CBE MMG
Under 40 Seek expert medical opinion Seek expert medical opinion Seek expert medical opinion

if high risk if high risk if high risk
40–49 Monthly With regular health care Every 1–2 years
50–69 Monthly Every 1–2 years with mammogram Every 1–2 years

American College of Radiology68

Age SBE CBE MMG
40� Annually Annually

American College of Obstetricians and Gynecologists69

Age SBE CBE MMG
40–49 Monthly Annually Every 1–2 years
50� Monthly Annually Annually

American Academy of Family Physicians70

Age SBE CBE MMG
40–49 Receive counseling about Receive counseling about Receive counseling about

risk and benefits risk and benefits risk and benefits
50� Every 1–2 years Every 1–2 years

US Preventive Health Service Task Force71

Age SBE CBE MMG
Under 50/FH negative No screening None
Under 50/FH positive Every 1–2 years (optional) Every 1–2 years
50–69 Every 1–2 years (optional) Every 1–2 years
70� and healthy Every 1–2 years (optional) Every 1–2 years

SBE, self breast examination; CBE, clinical breast examination; MMG, mammogram; FH, family history.

Ages are in years.



Society, however, is the most current in its recommendations,
which include monthly SBE and annual CBE, as well as annual
mammography for all women 40 years or older.

The eight randomized and four nonrandomized trials have
varied greatly. Analysis of all trials, except NBSS2, demon-
strated a reduction in breast cancer mortality for women who
received mammographic screening. More cancers were de-
tected in the screened group; however, this did not translate
into a decrease in the relative risk of dying of breast cancer
in the NBSS2. A meta-analysis of six of the eight randomized
trials of breast cancer screening were performed for the In-
ternational Workshop on Screening for Breast Cancer con-
vened by the National Cancer Institute in 1993. Overall, a
30% reduction in breast cancer mortality was attributed to
the effects of screening for women age 50 to 69 years.19 As a
result of this analysis, the NCI consensus recommendation
was to perform CBE annually with mammography every 1 to
2 years in women over 50 years.

To summarize, the data support that annual screening
mammography can reduce breast cancer mortality and there-
fore should be incorporated into an overall strategy of SBE,
CBE, and radiologic screening. Because 10% of palpable can-
cers are mammographically occult, all modalities must be in-
corporated into a comprehensive screening policy. Neverthe-
less, mammography remains the cornerstone because the
10-year survival for cancers detectable only by mammogra-
phy nears 95%. The most common reason identified for fail-
ure to undergo annual mammography has been failure of the
women’s physician to recommend screening. All health care
professionals should incorporate SBE instructions, CBE an-
nually at the time of health maintenance examination, and
recommendation for annual screening mammography in
women of the appropriate age.

Diagnostic Mammography

Although screening mammography is performed in an asymp-
tomatic woman, diagnostic mammography is obtained in a
woman with a palpable abnormality, breast complaints, or le-
sion identified on screening. Mammographic abnormalities
include densities, calcifications, or both. The most worrisome
radiologic features include spiculated masses (Fig. 53.1), mass
with associated microcalcifications, and linear branching cal-
cifications (Fig. 53.2). Overall, about one-third of nonpalpable
lesions discovered on mammography prove to be malignant.
In abnormalities for which no biopsy is recommended, short-
term mammographic follow-up must be obtained. The Amer-
ican College of Radiology has adopted standard definitions
and established six mammographic categories (Table 53.3).20

These definitions assist patients and their physicians in treat-
ment planning.

Management of Nonpalpable, 
Mammographic Abnormalities

The widespread use of screening mammography has resulted
in the increased detection of clinically occult breast lesions.
Approximately 5% to 10% of all screened women require ad-
ditional radiologic evaluation after a screening study.

Wire localization excisional breast biopsy has been, until
recently, the routine method for the diagnosis of the nonpal-
pable, mammographically detected, breast lesion (Fig. 53.3).

A specimen radiograph must be performed to confirm the ad-
equacy of excision (Fig. 53.4).

Mammogram-guided percutaneous stereotactic biopsy
has several advantages over core biopsy. It is faster, produces
less scarring and breast deformity by limiting tissue removal,
requires shorter convalescence, and is less costly. Diagnostic
costs can be reduced at least 50% by performing stereotactic
core versus open surgical biopsies.

Contraindications to stereotactic core biopsy include both
patient-related and technical considerations. The patient
must be able to lie unmoving in the prone position for as long
as 45 min. Patients with significant anxiety, clinical arthri-
tis, chronic cough, or severe kyphosis may not be able to meet
this restriction. Technically, lesions located close to the chest
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FIGURE 53.1.  Mammogram demonstrating two spiculated masses
characteristic of breast cancer. (Courtesy of M. Helvie, M.D.)

FIGURE 53.2.  Mammogram demonstrating linear branching micro-
calcifications suspicious for cancer. (Courtesy of M. Helvie, M.D.)



TABLE 53.3. American College of Radiology BIRADS Classification.

BIRADS classification Interpretation Follow-up

0: Assessment is incomplete Finding on screening evaluation; more workup Complete the radiologic evaluation
is needed

1: Negative Normal Annual mammography after 40
2: Benign finding No evidence of malignancy, but a

characteristic benign lesion found (i.e., Annual mammography after 40
implant, cyst, intramammary lymph node)

3: Probably benign finding Risk of malignancy 1%–2% Short-term (4–6 month) mammographic
follow-up

4: Suspicious abnormality Lesion does not have absolute malignant Biopsy recommended
characteristics, but a definite probability of
cancer exists

5: Highly suggestive of malignancy High probability of breast cancer Biopsy required

wall, in the axillary tail, very superficial, or in small breasts
that compress to less than 3 cm must be excluded from core
biopsy.

If pathological concordance with image characteristics is
obtained, the specificity and sensitivity of core biopsy is
greater than 90%.21,22 Cases of atypical ductal hyperplasia
(ADH) diagnosed by core biopsy should undergo reexcision
with wire localization because approximately 50% of lesions
diagnosed as ADH by core will be found to have carcinoma
at excisional biopsy.23,24 Similarly, complete excision is nec-
essary to confirm the diagnosis of radial scar.

The ABBI (Automated Breast Biopsy Instrumentation) is
an automated surgical biopsy device whose utility remains
undefined. The procedure is performed under mammographic
guidance. After stereotactic localization, a skin incision just
large enough to admit a 5-, 10-, or 20-mm circular scalpel is
made. In a single pass, under local anesthesia, a large cylin-
der of tissue is removed. Unlike core biopsy, the soft tissue
defect requires cautery for hemostasis and suture closure. 
Advantages of this technique are purported to include a con-
tinuous, nonfragmented specimen that aids in pathological
diagnosis, and less tissue removal than standard wire local-
ization. The goal is ultimately to provide diagnosis and ther-
apy in one procedure.

Benign Breast Disease

It is estimated that one of every two women will see a physi-
cian for a breast complaint during her life.25 Although breast
cancer is the most common malignancy of American women,
80% to 90% of clinical evaluations for breast disorders are
for benign conditions. Thus, the goal in the evaluation of a
patient with an abnormal clinical breast examination is to
avoid missing the diagnosis of a malignancy while providing
reassurance for benign conditions.

Abnormal Clinical Breast Examination

The initial step in the evaluation of a dominant mass is to
determine degree of suspicion (Fig. 53.5). Breast cancer gen-
erally presents as a hard, nontender, irregular mass; however,
it is impossible to rule out cancer by clinical evaluation alone.
Low suspicion lesions in premenopausal women may be ob-
served through one cycle. Complete resolution implies that
the mass was a cyst.

A dominant mass that occurs in a postmenopausal
woman, persists for one or more cycles in a premenopausal
woman, or is suspicious requires additional evaluation. Ei-
ther fine-needle aspiration (FNA) or urgent radiologic evalu-
ation within 1 week is appropriate; however, there are some
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FIGURE 53.3.  Wire localization breast biopsy. A. A hook wire is
placed under mammographic guidance. B. Abnormal area is encom-
passed by excisional biopsy using the wire as a guide. C. Specimen
and wire are sent for confirmatory mammogram and pathological ex-
amination.

FIGURE 53.4.  Specimen mammogram demonstrates removal of area
with microcalcifications. (Courtesy of M. Helvie, M.D.)



advantages in obtaining imaging studies first. FNA results in
tissue disruption and even when performed by experienced
physicians may result in hematoma formation significant
enough to interfere with radiographic imaging. Additionally,
mammography will ultimately be required to evaluate the re-
mainder of the ipsilateral breast parenchyma and contralat-
eral breast if a malignancy is diagnosed. In the ideal setting,
same-day imaging followed by FNA would be performed. Im-
portantly, a negative mammogram in the setting of a clini-
cally dominant mass should not delay biopsy because 10% of
cancers are radiologically occult.

Specific Entities

Cyst

If a cyst is suspected clinically or documented sonographi-
cally, an FNA can be both diagnostic and therapeutic. De-
termination that a palpable mass is a cyst is impossible by
physical examination alone, but sonography can confirm the
diagnosis. Cysts may be classified as simple or complex based
upon their appearance on ultrasound. A simple cyst is a round,
well-circumscribed, smooth-walled structure that is hypo-
echoic, without internal echoes, and has enhanced through
transmission. A complex cyst has central septations, indis-
tinct margins, or internal echoes.

The pathogenesis of cyst formation is not well understood;
however, cyst formation is undoubtedly influenced by ovar-
ian hormones. Cysts often suddenly appear midmenstrual cy-
cle then spontaneously regress with the onset of menses.
Cysts most commonly occur after age 35. The incidence of
cystic disease increases steadily until menopause, when cysts
are rare except in women on hormone replacement therapy.
Therefore, any lesion presumed to be a cyst in a post-
menopausal woman not on hormone replacement therapy
must be proven to be fluid filled by needle aspiration. Intra-
cystic carcinoma, however, is very rare.

Fibrocystic Breast Disease

Cysts may occur as solitary, grossly visible abnormalities
called macrocysts or as clusters of multiple microscopic cysts.
Fibrocystic breast disease is a generalized process of micro-
scopic cyst formation, often accompanied by breast nodular-
ity, with stromal proliferation. Ovarian hormones are again
implicated, and fibrocystic changes seem to represent an ex-
aggerated response of the breast epithelium. Whereas pain is
not an indication for surgical therapy, a dominant mass, even
in the setting of fibrocystic changes, requires confirmation by
aspiration or biopsy. Women with biopsy-proven atypical duc-
tal or lobular hyperplasia have a 4.4-fold increased cancer risk.
If this is combined with a positive family history, the risk in-
creases to 9 fold. Women with nonproliferative fibrocystic
breast disease do not have a demonstrable increased breast
cancer risk.

Mastalgia

Breast pain (mastalgia or mastodynia) is one of the most com-
mon breast symptoms. The etiology is poorly understood, but
again hormonal causes are suggested. Women with irregular
ovulatory cycles, immediately premenstrual, or on hormone
replacement therapy often report breast pain. Furthermore,
cyclic mastalgia usually resolves at menopause.

Mastalgia should be characterized as cyclic or noncyclic.
Cyclical mastalgia varies in intensity throughout the men-
strual cycle. It is most severe immediately before menstrua-
tion, then resolves with the onset of menses. It is the most
frequent type, may occur unilaterally or bilaterally, as a burn-
ing sensation or sharp pain, and occasionally may radiate to
the arm, scapula or abdomen. Cyclic mastalgia is more re-
sponsive to therapy and usually spontaneously resolves with
menopause.

Noncyclic mastalgia bears no relationship to the men-
strual cycle. It may be continuous or intermittent, is more
commonly unilateral and sharp in character, and often occurs
in the fourth decade. Chest wall musculoskeletal abnormal-
ities (i.e., costochondritis) may mimic noncyclic mastalgia.

In the absence of findings on physical examination and
mammography, treatment consists of reassurance and con-
servative measures. Breast pain in the absence of palpable or
mammographic abnormality rarely represents carcinoma.
One-half to one-third of women achieve significant improve-
ment in their symptoms with conservative measures such as
caffeine elimination, nicotine and alcohol reduction, as well
as change to a better-fitting or more supportive brassiere.
Anecdotally, vitamin E has been purported to be beneficial.
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FIGURE 53.5.  Algorithm for the management of a dominant palpa-
ble mass.



Nipple Discharge

Evaluation of a patient with nipple discharge should begin
with an attempt to classify it as physiological, pathological,
or galactorrhea. While frightening for the patient, nipple dis-
charge usually has a benign etiology. Only 6% to 12% of pa-
tients with nipple discharge have carcinoma.26,27 The likeli-
hood of carcinoma is increased if the discharge is bloody.

Pathologic nipple discharge is unilateral, spontaneously
arising from one duct. The drainage may be clear, brownish,
or bloody. Benign intraductal papilloma is the most common
cause of bloody nipple discharge. In the absence of another le-
sion, ductogram may be pursued (Fig. 53.6). Galactography
may provide a surgical road map by identifying an intralumi-
nal filling defect consistent with an intraductal papilloma. An
approximate distance from the nipple, and in cases of diffuse
papillomatosis extent of ductal involvement, can be deter-
mined by ductogram and this information may alter surgical
treatment. Additionally, ductogram may identify diffusely di-
lated subareolar ducts consistent with duct ectasia.

Gynecomastia

Gynecomastia is hypertrophy of male breast tissue. Pubertal
hypertrophy occurs during adolescence whereas senescent hy-
pertrophy occurs in the elderly. Imbalance in the testosterone
to estrogen ratio has been implicated in both forms. In pu-
berty, estrogen levels may rise before testosterone production,
and in the elderly testosterone levels may fall with mainte-
nance of physiological estrogen levels. This relative hormonal
imbalance accounts for the bimodal prevalence of gyneco-
mastia. Several commonly used medications can exacerbate
senescent gynecomastia including cimetidine, thiazides,
digoxin, theophylline, phenothiazines, androgens or estro-
gens, and marijuana. Management of gynecomastia involves
identification and correction of the underlying cause. If any
question exists regarding the benignity of the condition,
biopsy may be required.

Breast Infection and Abscess

Breast infections are broadly categorized as lactational versus
nonpuerperal, and mastitis versus abscess. Puerperal mastitis
is thought to originate from the reflux of bacteria into the
milk-containing breast by the nursing infant. Treatment in-
volves oral antibiotics to cover gram-positive cocci, local heat
or ice packs, and frequent nursing or pumping to prevent en-
gorgement.

Nonlactational mastitis is often a complication of duct
ectasia, an irregular dilatation of the subareolar ducts. The
ducts fill with secretions, debris, and keratin, and chronic in-
flammation results. Manifestations of this periductal masti-
tis include nipple discharge, recurrent subareolar abscesses,
mammary fistula (Zuska’s disease), and nipple retraction.
These infections are more likely to be polymicrobial with a
mix of gram-positive cocci and skin anaerobes. Treatment in-
volves broad-spectrum oral antibiotics, analgesics, and local
comfort measures.

Once abscess formation occurs therapy must include sur-
gical incision and drainage. Breast abscesses in lactating
women rarely present with a fluctuant mass because of the
dense fibrous septa. Clinically, these women present with
fever, leukocytosis, and point tenderness. Ultrasonography
can be confirmatory. Incision and drainage should be per-
formed under general anesthesia because it is too painful to
adequately break up the loculations under local anesthesia.
Breastfeeding must be discontinued because the cavity should
be left open and packed. The wall of the abscess cavity should
be biopsied to rule out necrotic cancer as an etiology of the
infections, especially in spontaneous abscesses in nonlactat-
ing women. Subareolar abscesses can be especially difficult
to eradicate and if recurrent may require excision of the en-
tire subareolar duct complex.

Fibroadenoma

Fibroadenoma is a benign, solid lesion composed of both stro-
mal and epithelial elements. Clinically, they are the most
common mass in women under 30 years of age, with a peak
incidence of 21 to 25 years. They are rubbery, lobulated, well-
circumscribed, highly mobile masses on physical examina-
tion. Although usually single, multiple fibroadenomas occur
in 15% of affected patients. Radiographically, they may have
a lobulated appearance suggestive of a fibroadenoma. As with
any solid mass, malignancy cannot be excluded on clinical or
radiographic criteria alone and tissue confirmation must be
obtained. Fibroadenoma growth has not been found to be in-
fluenced by oral contraceptive use; however, premenstrual
tenderness, and growth with pregnancy and lactation are com-
mon features. While fibroadenomas themselves are not
thought to have malignant potential, the epithelial elements,
like all breast epithelium, are at risk.

Juvenile Fibroadenoma

Juvenile or giant fibroadenomas are fibroadenomas that attain
unusually large size (greater than 5 cm) and commonly occur
in adolescence. These lesions may display rapid growth, but
are benign, and surgery is curative. Histologically, these le-
sions tend to be more cellular than typical fibroadenomas and
must be differentiated from cystosarcoma phyllodes.

Hamartoma

Hamartoma of the breast is a benign lesion best characterized
as an adenofibrolipoma. It is an exceptionally soft lesion and
may be difficult to appreciate on physical examination even
when very sizable. On mammography, it is an easily visual-
ized, well-circumscribed lesion impossible to differentiate from
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FIGURE 53.6.  Ductogram demonstrating multiple intraluminal fill-
ing defects. (Courtesy of M Helvie, MD.)



Patients with stage IIIA or B disease, however, should undergo
screening bone scan and computed tomography because of the
high probability of distant metastases. Additionally, as dis-
cussed earlier, neoadjuvant chemotherapy may be appropriate
for patients with stage III breast cancer. Metastatic, stage IV
disease occurs most frequently in the bone, lung, or liver; how-
ever, any nodal or visceral site may become involved.

Noninvasive Breast Carcinomas

Noninvasive or in situ carcinomas are proliferations of ma-
lignant epithelial cells confined within the duct or lobule
without invasion of the basement membrane. These lesions
are classified by cell of origin as ductal carcinoma in situ
(DCIS) or lobular carcinoma in situ (LCIS) (see Table 53.5).

Ductal Carcinoma In Situ (DCIS)

DCIS, noninvasive ductal carcinoma, and intraductal carci-
noma are the same entities. Before the widespread use of
screening mammography, DCIS presented as a palpable mass,
nipple discharge, or an incidental finding on biopsy and ac-
counted for 2% of diagnosed malignancies. Today, in some
series it represents 30% of all malignancies found by screen-
ing.30 DCIS is thought to be a precursor of invasive carcinoma
and therefore once recognized treatment is indicated. Data
supporting this position are multiple. First, if left untreated
DCIS will progress to invasive carcinoma in up to 50% of
women; moreover, the cancers that develop are ductal in ori-
gin and occur at the site of the original biopsy. The second
piece of evidence that DCIS is a precursor lesion is from re-
currence data after breast-conserving therapy. In patients with
DCIS treated with lumpectomy, 87% of treatment failures
occur at or close to the lumpectomy bed rather than at dis-
tant sites.31 Left untreated, DCIS will progress to invasive
ductal carcinoma 30% of the time over 10 years.32,33

For many years simple mastectomy was the treatment of
choice for DCIS. Currently, breast conservation is deemed an
acceptable alternative in select patients. Lumpectomy must be
to negative margins, and radiation therapy is routinely advo-
cated. Survival with breast conservation is believed to be equiv-
alent to that with mastectomy. Patient choice is one factor in
deciding between breast conservation and mastectomy. Be-
cause of the low (2%) risk of axillary involvement, routine ax-
illary lymph node dissection is not performed. Certain patients,
however, may benefit from one or more sampling procedures.

Another controversial issue is the omission of radiation
therapy in a select subset of well-informed patients with fa-
vorable presentations of DCIS. Comedo-type DCIS has promi-
nent intraductal necrosis and is believed to represent a more
aggressive form of DCIS. Tumor grade is also of prognostic
significance. Some advocate that women with non-comedo
DCIS less than 1 cm in size and excised to widely negative
margins (approximately 1 cm) may forego radiation.

Based on the only study available, it appears that addition
of tamoxifen to standard therapy for DCIS may be warranted
in patients without a contradiction to the drug. Extrapolation
of this data to women with DCIS treated by mastectomy be-
cause of the reduction in contralateral breast cancer risk is
tempting, but further studies are necessary to validate the
original finding and to specifically address this population.

the more common fibroadenoma. If hamartoma is clinically
suspected, surgical excision is preferable as well as curative.

Adenoma

Tubular and lactational adenomas are also histologically be-
nign lesions related to fibroadenomas. They are characterized
by glandular structures with minimal to absent supporting
stromal structures. Clinically and radiographically, they re-
semble fibroadenomas as well. Lactational adenomas occur
during pregnancy and lactation, may increase in size under
the influence of gestational hormones, and have secretory dif-
ferentiation on histological analysis. Again, biopsy is diag-
nostic and curative.

Papillary Lesions

Solitary intraductal papilloma is the most common papillary
breast lesion. They most frequently occur in women 35 to 55
years of age, and usually arise as a single lesion, in a subareo-
lar duct, and are manifest as bloody nipple discharge. Intraduc-
tal papillomas occurring in peripheral ducts present as mam-
mographic or palpable masses. Ductography may be helpful,
and solitary or central duct excision is the treatment of choice.

Sclerosing Adenosis

Sclerosing adenosis is the benign proliferation of both stromal
tissue (sclerosis) associated with an increase in the small ter-
minal ductules (adenosis). It is usually a component of fibro-
cystic disease and is manifest as microcalcifications found on
screening mammogram. Stereotactic core or wire localization
biopsy is diagnostic. No further therapy is necessary if this le-
sion is found as the etiology of microcalcifications on biopsy.

Breast Cancer

Staging

Even though pathological evaluation of the primary breast tu-
mor and axillary lymph node status are the most important
determinants of survival, accurate clinical staging is impor-
tant. Preoperative diagnostic and therapeutic interventions
are based on careful assessment of the clinical extent of dis-
ease. Many staging classifications exist; however, the TNM
system of the American Joint Committee on Cancer (AJCC)
and the International Union Against Cancer (UICC) is the one
most widely used for breast cancer.28

At presentation, a patient’s TNM status should be deter-
mined (Table 53.4). On staging physical examination primary
tumor size and degree of axillary nodal involvement should
be estimated. It is recognized that clinical staging of the ax-
illa has a false negative rate of 30%.29 Furthermore, breast
cancer is currently believed to have systemic micrometas-
tases at the time of diagnosis. Nevertheless, some general
treatment guidelines can be based on clinical tumor staging.

All patients with invasive breast cancer should have a thor-
ough history and physical examination, chest X-ray, complete
blood count, and chemical profile. Asymptomatic stage I or II
patients with normal findings on these studies do not require
further metastatic evaluation because the likelihood of finding
occult metastatic disease has been estimated to be 2% to 3%.
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TABLE 53.4. AJCC Definition of TNM and Stage Groupings for Breast Cancer.

pN0(mol�) No regional lymph node metastasis histologically, nega-
tive molecular findings (RT-PCR)b

pN0(mol�) No regional lymph node metastasis histologically, posi-
tive molecular findings (RT-PCR)b

aClassification is based on axillary lymph node dissection with or
without sentinel lymph node dissection. Classification based solely on
sentinel lymph node dissection without subsequent axillary lymph
node dissection is designated (sn) for “sentinel node,” e.g., pN0(i � )
(sn).
bRT-PCR: reverse transcriptase/polymerase chain reaction.

pN1 Metastasis in 1 to 3 axillary lymph nodes, and/or in internal
mammary nodes with microscopic disease detected by sen-
tinel lymph node dissection but not clinically apparent**

pN1mi Micrometastasis (greater than 0.2 mm, none greater than
2.0 mm)

pN1a Metastasis in 1 to 3 axillary lymph nodes 
pN1b Metastasis in internal mammary nodes with microscopic

disease detected by sentinel lymph node dissection but not
clinically apparent**

pN1c Metastasis in 1 to 3 axillary lymph nodes and in internal
mammary lymph nodes with microscopic disease detected
by sentinel lymph node dissection but not clinically appar-
ent** (If associated with greater than 3 positive axillary
lymph nodes, the internal mammary nodes are classified as
pN3b to reflect increased tumor burden)

pN2 Metastasis in 4 to 9 axillary lymph nodes, or in clinically
apparent* internal mammary lymph nodes in the absence
of axillary lymph node metastasis

pN2a Metastasis in 4 to 9 axillary lymph nodes (at least one tu-
mor deposit greater than 2.0 mm)

pN2b Metastasis in clinically apparent* internal mammary lymph
nodes in the absence of axillary lymph node metastasis

pN3 Metastasis in 10 or more axillary lymph nodes, or in infra-
clavicular lymph nodes, or in clinically apparent* ipsilat-
eral internal mammary lymph nodes in the presence of 1
or more positive axillary lymph nodes; or in more than 3
axillary lymph nodes with clinically negative microscopic
metastasis in internal mammary lymph nodes; or in ipsi-
lateral supraclavicular lymph nodes

pN3a Metastasis in 10 or more axillary lymph nodes (at least one
tumor deposit greater than 2.0 mm), or metastasis to the
infraclavicular lymph nodes

pN3b Metastasis in clinically apparent* ipsilateral internal mam-
mary lymph nodes in the presence of 1 or more positive
axillary lymph nodes; or in more than 3 axillary lymph
nodes and in internal mammary lymph nodes with micro-
scopic disease detected by sentinel lymph node dissection
but not clinically apparent**

pN3c Metastasis in ipsilateral supraclavicular lymph nodes

*Clinically apparent is defined as detected by imaging studies (ex-
cluding lymphoscintigraphy) or by clinical examination.
**Not clinically apparent is defined as not detected by imaging
studies (excluding lymphoscintigraphy) or by clinical examination.

Distant Metastasis (M)
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Stage grouping
Stage 0 Tis N0 M0
Stage I T1* N0 M0
Stage IIA T0 N1 M0

T1* N1 M0
T2 N0 M0

Stage IIB T2 N1 M0
T3 N0 M0

Stage IIIA T0 N2 M0
T1* N2 M0
T2 N2 M0
T3 N1 M0
T3 N2 M0

Stage IIIB T4 N0 M0
T4 N1 M0
T4 N2 M0

Stage IIIC Any T N3 M0
Stage IV Any T Any N M1

*T1 includes T1mic.

Primary Tumor (T)
Definitions for classifying the primary tumor (T) are the same for clin-
ical and for pathologic classification. If the measurement is made by
physical examination, the examiner will use the major headings (T1,
T2, or T3). If other measurements, such as mammographic or patho-
logic measurements, are used, the subsets of T1 can be used. Tumors
should be measured to the nearest 0.1 cm increment.
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
Tis (DCIS) Ductual carcinoma in situ
Tis (LCIS) Lobular carcinoma in situ
Tis (Paget’s) Paget’s disease of the nipple with no tumor 
Note: Paget’s disease associated with a tumor is classified according
to the size of the tumor.
T1 Tumor 2 cm or less in greatest dimension
T1mic Microinvasion 0.1 cm or less in greatest dimension
T1a Tumor more than 0.1 cm but not more than 0.5 cm in

greatest dimension
T1b Tumor more than 0.5 cm but not more than 1 cm in great-

est dimension
T1c Tumor more than 1 cm but not more than 2 cm in greatest

dimension
T2 Tumor more than 2 cm but not more than 5 cm in greatest

dimension
T3 Tumor more than 5 cm in greatest dimension
T4 Tumor of any size with direct extension to (a) chest wall or

(b) skin, only as described below
T4a Extension to chest wall, not including pectoralis muscle
T4b Edema (including peau d’orange) or ulceration of the 

skin of the breast, or satellite skin nodules confined to the
same breast

T4c Both T4a and 4b
T4d Inflammatory carcinoma
Regional Lymph Nodes (N) (Clinical)
NX Regional lymph nodes cannot be assessed (e.g., previously 

removed)
N0 No regional lymph node metastasis
N1 Metastasis to movable ipsilateral axillary lymph node(s)
N2 Metastasis in ipsilateral axillary lymph nodes fixed or matted,

or in clinically apparent* ipsilateral internal mammary nodes
in the absence of clinically evident axillary lymph node
metastasis

N2a Metastasis in ipsilateral axillary lymph nodes fixed to one an-
other (matted) or to other structures

N2b Metastasis only in clinically apparent* ipsilateral internal
mammary nodes and in the absence of clinically evident axil-
lary lymph node metastasis

N3 Metastasis in ipsilateral infraclavicular lymph node(s) with or
without axillary lymph node involvement, or in clinically ap-
parent* ipsilateral internal mammary lymph node(s) and in
the presence of clinically evident axillary lymph node metas-
tasis; or metastasis in ipsilateral supraclavicular lymph node(s)
with or without axillary or internal mammary lymph node in-
volvement

N3a Metastasis in ipsilateral  infraclavicular lymp nodes(s)
N3b Metastasis in ipsilateral internal mammary lymph nodes(s)

and axillary lymph node(s)
N3c Metastasis in ipsilateral supraclavicular lymph node(s)

*Clinically apparent is defined as detected by imaging studies (ex-
cluding lymphoscintigraphy) or by clinical examination or grossly vis-
ible pathologically.
Pathologic (pN)a

pNX Regional lymph nodes cannot be assessed (e.g., previously re-
moved, or not removed for pathologic study)

pN0 No regional lymph node metastasis histologically, no additional
examination for isolated tumor cells (ITC)

Note: Isolated tumor cells (ITC) are defined as single tumor cells or
small cell clusters not greater than 0.2 mm, usually detected only by
immunohistochemical (IHC) or molecular methods but which may be
verified in H&E stains. ITCs do not usually show evidence of malig-
nant activity e.g., proliferation or stromal reaction.

pN0(i�) No regional lymph node metastasis histologically, nega-
tive IHC

pN0(i�) No regional lymph node metastasis histologically, posi-
tive IHC, no IHC cluster greater than 0.2 mm

Source: Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, IL. The original source for this material is the AJCC Cancer Stag-
ing Manual, Sixth Ed. (2002) published by Springer-Verlag New York, www.springer-ny.com.



Lobular Carcinoma In Situ (LCIS)

Lobular carcinoma in situ (LCIS) is believed to represent a
predictor of increased risk of the development of breast can-
cer rather than a precursor of invasive disease. As seen in
Table 53.5, LCIS differs markedly from DCIS. Because it is
found incidentally during biopsy for another cause, its true
incidence is unknown. However, in a variety of series, LCIS
was found in 0.8% to 8.0% of benign breast biopsies.34–36 It
occurs in asymptomatic premenopausal women, and is not
manifest by a palpable mass, mammographic microcalcifica-
tions, or architectural distortion.

Treatment recommendations for women with LCIS in-
clude careful observation as for any high-risk patient, chemo-
prevention with tamoxifen as per the NSABP-P1 trial, or bi-
lateral prophylactic mastectomies.

Familial/Hereditary Breast Cancer: 
Molecular Genetics and Syndromes

Families that are characterized by having hereditary breast
cancer are distinguished by the following characteristics: (1)
early onset of breast cancer, classically less than 45 years of
age; (2) an excess of bilateral breast cancer; (3) autonomic
dominant inheritance for the cancer; and (4) greater fre-
quency of multiple primary cancers. Lynch is credited with
the first description of the hereditary breast ovarian cancer
syndrome, by reporting families with two or more first-de-
gree relatives with breast cancer and a variety of other can-
cer sites.37

Breast Cancer Susceptibility Genes

BRCA1

In 1990, Marie-Clare King reported mapping, by segregation
analysis, the first breast cancer susceptibility gene (BRCA1) to
chromosome 17q21, and this gene was determined to have link-
age with the hereditary breast and ovarian cancer syndrome.38

The majority of these mutations result in a decreased or trun-
cated BRCA1 protein. Overall, the BRCA1 gene confers an 83%
risk of breast and 63% risk of ovarian cancer by the age of 70.

A second breast cancer susceptibility gene, BRCA2, was
mapped to chromosome 13q12 in 1995.39 Unlike BRCA1,
BRCA2 is associated with male breast cancer and confers 
only a 10% risk of ovarian cancer. The pathology of BRCA2-
associated breast cancers is weighted toward tubular-lobular
invasive carcinomas and invasive cribiform carcinomas.
These tend to be lower-grade tumors with less proliferation.40

Hereditary Breast Cancer Syndromes 
and High-Risk Groups

Hereditary Breast/Ovarian/Cancer 
(HBOC) Syndromes

These families have predominantly breast and ovarian cancers,
with a lifetime risk of 85% for breast cancer in BRCA1 and
BRCA2 carriers and of 40% to 60% for ovarian cancer in BRCA1
carriers.38 Li-Fraumeni syndrome, Cowden syndrome, Muir
syndrome, and ataxia telangectasia are included in this group.
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TABLE 53.6. Tissues Resected in Various Types of Mastectomies.

Skin of entire chest
wall (skin grafting Nipple–areolar Pectoralis minor and Axillary lymph Internal mammary

required) complex Breast mound major muscles nodes lymph nodes

Urban extended X X X X X X
radical mastectomy
Halstead radical X X X X X
mastectomy
Patey modified X X Pectoralis X
radical mastectomy minor only
Auchincloss X X X
modified radical
mastectomy
Simple mastectomy X X
Subcutaneous X
mastectomy

TABLE 53.5. Comparison of LCIS and DCIS.

LCIS DCIS

Age at presentation Premenopausal Postmenopausal
Physical examination Negative Occasionally palpable mass
Mammogram Negative Microcalcifications
Diagnosis Incidental Workup of abnormality
Risk In all breast tissue At site of diagnosis
Treatment Observation vs. chemoprevention vs. Lumpectomy plus radiation vs.

bilateral prophylactic mastectomy ipsilateral simple mastectomy
Consider tamoxifen

LCIS, lobular carcinoma in situ; DCIS, ductal carcinoma in situ.



LI–FRAUMENI SYNDROME

This syndrome is characterized by families with p53 germline
mutations, causing a higher than expected occurrence of sar-
comas, breast cancers, brain tumors, lung and laryngeal can-
cers, leukemias, and adrenal cortical carcinomas.41 There is
autosomal dominant pattern of transmission, and 30% of the
tumors occur before 15 years of age; 77% of the women who
develop breast cancer with Li–Fraumeni syndrome are be-
tween 22 and 45 years, and 25% have bilateral disease.

Treatment of Stage I or II Breast Cancer

Primary Surgical Therapy

Once malignant cells invade the basement membrane of the
breast ducts or lobules, the lesion is classified as an invasive
or infiltrating cancer. Because of the current belief that inva-
sive cancer is a micrometastatic disease at diagnosis, local ther-
apies are no longer believed to influence long-term survival.

Several nonrandomized42,43 and two randomized tri-
als44,45 showed no survival difference for women treated with
radical (RM) versus modified radical mastectomy (MRM)
(Table 53.6) mastectomies. The initial study from the Al-
abama Breast Cancer Project randomized stage I, II, or oper-
able stage III women by birth date to RM (n � 136) versus
MRM (n � 175). At 10-year analysis, no difference in survival
was demonstrated; however, foreshadowing the breast con-
servation trials, local control was superior in the RM group.46

A large trial of 534 women in Manchester, England, which
randomized patients with stage I or II cancer in a similar de-
sign to RM versus MRM,44 also failed to demonstrate a dif-
ference in disease-free or overall survival. The lack of sur-
vival advantage combined with the superior functional and
cosmetic results of MRM has made MRM a viable and stan-
dard treatment option for all women with operable breast
cancer.

Several trials have confirmed that lumpectomy with ax-
illary lymph node dissection plus radiation is as effective as
modified radical mastectomy for patients with early-stage
breast cancer (Table 53.7). Based on the findings from these
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TABLE 53.7.

Randomized Trial of Mastectomy versus Breast Conservation (Level I Evidence).

Median 
Trial Reference Year n Randomized Stage Design Follow-up Results

Guy’s 72 1961– 376 Yes T1N0 or WLE � XRT 11 years (1) Treatment deemed inadequate
Hospital 1970 T1N1 vs. radical (omission of ALND and low-dose XRT)

mastectomy (2) Higher regional recurrence and
1971– 250 Yes �XRT lower survival in WLE � XRT group, 
1976 T1N0 especially in stage II patients

Radical
Mastectomy �
XRT vs. WLE
�XRT

Gustave- 73 1972– 179 Yes T1N0 or Tumorectomy 10 years No difference in overall survival, local
Roussay 1979 T1N1 � XRT vs. control, distant metastasis, or 

MRM contralateral breast cancer rate
NCI Milan 74 1973– 701 Yes T1N0 Quadrentecto- 10 years (1) No difference in local recurrence or

1980 my, ALND, survival
and XRT vs. (2) BCT can be performed in lymph
radical node-positive patients if there is 
mastectomy adjuvant chemotherapy

NSABP-B06 75 1976– 1843 Yes T � Lumpectomy, 8 years (1) 10% of patients assigned to BCT-
1984 4cm ALND, and negative margins could not be achieved

N0 XRT vs. (2) XRT critically important for local
Lumpectomy/ control as breast recurrence occurred 
ALND, vs. in 10% of lumpectomy/XRT vs. 39% 
MRM of lump alone (p � 0.001)

(3) No difference in survival thus local
recurrence does not predict survival

NCI 76 1979– 247 Yes Lumpectomy/ 8 years No difference in survival or local 
Bethesda 1987 ALND � XRT control

vs. MRM
EORTC 77 1980– 148 Yes I Lumpectomy/ 8 years No difference in survival, local control, 

1986 ALND � XRT or distant recurrence
755 Yes II vs. MRM

Danish 78 1983– 905 Yes I or II Quadrantecto- 6 years (1) Identical overall survival
Breast 1989 my/ALND � (2) Fewer local/regional recurrences in
Cancer XRT vs. MRM BCT group (NS)
Group

NCI, National Cancer Institute; EORTC, European Organization for Research and Treatment of Cancer; ALND, axillary lymph node dissection; XRT, radia-
tion therapy; MRM, modified radical mastectomy; WLE, wide local excision; BCT, breast conservation treatment; NS, not significant.



trials as well as the availability of mature results, the Na-
tional Institutes of Health Consensus Development Confer-
ence on the Treatment of Early Breast Cancer issued a con-
sensus statement in 1990.47 They stated that BCT provided
equivalent survival to mastectomy and, because it spared the
breast, it is the preferable choice in women with stage I or II
tumors.

Surgical Management of the Axilla

The rationale for the performance of axillary lymph node dis-
section in women with breast cancer is to provide prognostic
information, guide adjuvant chemotherapy treatment deci-
sions, and maintain local control. As demonstrated in the NS-
ABP-B04 trial, however, radiation therapy is as effective as ax-
illary dissection in providing local control.48,49

The extent and method of axillary dissections that should
be performed is currently a controversial topic. As stated ear-
lier, about 30% of patients with a clinically negative axillary
examination will have pathologically positive lymph nodes
at the time of axillary dissection. Conversely, approximately

30% of women with palpably enlarged lymph nodes will fail
to have lymphatic metastases documented at lymph node dis-
section. Pathological false-negative rates correlate with the
extent of lymphadenectomy.50 Nonanatomic sampling re-
sulted in a 14% to 45% incidence of positive lymph nodes in
a completion dissection when the sampled nodes were nega-
tive, a 10% to 12% false-negative rate when only level I nodes
were dissected, and a 2% to 3% false-negative rate for a for-
mal level I and II lymph node dissection. Thus, the procedure
of choice as recommended by the 1991 National Institutes of
Health Consensus conference for a standard axillary dissec-
tion51 has become a level I/II dissection. The addition of a
level III dissection is reserved for patients with bulky, palpa-
ble lymphadenopathy in an attempt to improve local control
and not to aid in staging. Other modulators of disease are
listed in Table 53.8.

While major complications from axillary lymph node dis-
section are rare, minor complications are not infrequent and
may cause significant morbidity. Major complications include
laceration or thrombosis of the axillary vessels and neuropa-
thy secondary to damage to the motor nerves at the axilla. Mi-
nor complications include wound infection, seroma forma-
tion, intercostal brachial nerve syndrome (pain and paresthesia
in an upper arm, shoulder, axilla, and anterior chest wall sec-
ondary to sacrifice of the nerve), impaired shoulder mobility,
and lymphedema.

In an effort to eliminate routine axillary lymph node dis-
section without losing the prognostic information obtained,
sentinel lymph node dissection (SLND) was developed. The
sentinel lymph node (SLN) is defined as the first lymph node
to receive lymphatic drainage from the tumor. Injecting vital
blue dye, radiolabeled colloid, or both in the vicinity of the pri-
mary tumor site identifies the SLN. SLND is much more chal-
lenging for breast cancer than melanoma because the breast
parenchymal lymphatics are not as much as the dermal lym-
phatics, and the upper outer quadrant location of most breast
cancers can make identification of the SLN with radiocolloid
mapping difficult due to the high background activity at the
primary tumor site. Nevertheless, in all mappings the SLN is
located by injecting a vital blue dye or radioisotope at the lo-
cation of choice. The blue dye is visually identified leaving the
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TABLE 53.8. Risk Modulators in Breast Cancer.

Favorable Unfavorable Clinical utility

Tumor grade I II or III Very favorable low-grade tumors (pure
tubular, mucinous, or papillary) may 
not require adjuvant chemotherapy

Estrogen and progesterone Positive Negative The presence of receptors as well as
receptor efficacy of tamoxifen results in

improved disease-free survival in
positive patients

Her-2/neu expression Negative Positive Positive tumors should receive an
anthracycline-based chemotherapy
regimen

Lymphovascular invasion Absent Present Even in node-negative patients adjuvant
chemotherapy should be received

Ploidy Diploid Aneuploid Replaced by S-phase
S-phase percentage �5% �5% May influence borderline patients to

receive adjuvant chemotherapy
Ki-67 �20% �20% Investigational
p53 �5% �5% Investigational

FIGURE 53.7.  Lymphatic mapping with vital blue dye. Dissected
specimen clearly demonstrates blue afferent lymphatic leading into
blue stained sentinel lymph node. (Courtesy of AE Chang, MD.)



periphery of the breast and the afferent lymphatic channel is
traced to the blue stained lymph node (Fig. 53.7). When radio-
colloid is used, the SLN can be identified by preoperative lym-
phoscintigraphy, or intraoperatively with a handheld gamma
detector. There is no significant difference in success based on
protocol implemented. At all major institutions the SLN can
be identified in 95% of patients and is accurate in up to 100%
of cases. A significant learning curve exists.

Patient selection is also critical. SLND is contraindicated
in patients with palpably enlarged axillary lymph nodes, tu-
mors greater than 5 cm, or locally advanced cancer or in pa-
tients who have received preoperative neoadjuvant chemo-
therapy. In each of these scenarios tumor cells may block the
lymphatics and accurate mapping may not be possible. Pa-
tients who have a large biopsy cavity may be difficult to ac-
curately map, especially if the tumor was small. Because the
periphery of the cavity and not the epicenter of the tumor
will be mapped, patients with prior significant axillary or
breast surgery may also have disrupted lymphatic channels,
making accurate mapping impossible. With multiple injec-
tions it is technically feasible to map multifocal or multi-
centric tumors; however, with a mean of two sentinel nodes
per tumor it may be more efficient to perform a standard ax-
illary dissection in these patients.

An additional important issue is that SLN mapping, by
providing the pathologist with the lymph node most likely
to contain disease, may be more sensitive for the detection
of metastatic disease. With only one or two lymph nodes to
process, a more detailed examination with thin serial sec-
tioning, immunohistochemical staining, or potentially re-
verse transcriptase polymerase chain reaction (RT-PCR)
analysis is possible. In a trial of SLND followed by complete
axillary lymph node dissection in 103 patients, the SLN was
positive in 42% of the patients by thin serial sectioning 
and immunohistochemical staining; only 29% of the re-
mainder of the axillary lymph nodes were positive by con-
ventional processing (p � 0.03).52 In a similar study, routine
hematoxylin and eosin staining of SLN identified metastatic
foci in 32% of the patients; however, with immunohisto-
chemical staining 42% of patients were node positive.53

Thus, 10% of patients were upstaged.
The prognostic importance of micrometastases has his-

torically been questioned. Currently, the discovery of mi-
crometastases has been proved clinically relevant with poorer
survival for patients with micrometastases detected by serial
staining,54 anticytokeratin immunohistochemical staining,55

and RT-PCR.56 It is currently recommended that SLN-
positive patients undergo formal level I and II lymph node
dissection if not already performed.

In summary, axillary dissection provides effective control
of axillary disease in patients with stage I or II breast cancer.
With the omission of axillary dissection or radiation, axillary
relapse is unacceptably high; 16% to 37% of patients with a
clinically negative axilla will recur without treatment.57 Pre-
sumably, the relapse rate will be even greater in the presence
of clinically palpable nodes. Additionally, in some institutes
the number of involved nodes influences the selection of
chemotherapeutic regimen. Most importantly, pathological
axillary staging remains the most significant prognostic in-
dicator in breast cancer. Sentinel lymph node mapping is a
promising technique that may provide similar information
with reduced morbidity.

Adjuvant Chemo- or Hormonal Therapy for 
Lymph Node-Negative Breast Carcinoma

The current paradigm for breast cancer asserts that it is a sys-
temic disease from the time of diagnosis. In patients with
lymph node-negative disease, tumor size is the most impor-
tant prognostic factor for relapse.58 Patients with tumors less
than 1 cm have a favorable prognosis, with greater than 90%
10-year disease-free survival.58 The National Institutes of
Health 1990 Breast Cancer Conference recommended that
these patients rarely receive adjuvant chemotherapy.47

Patients with node-negative tumors larger than 1 cm,
however, have a significant enough risk of relapse that adju-
vant systemic therapy is warranted. Almost 25% of stage I
and 33% to 44% of stage II node-negative patients will de-
velop recurrent disease.58

Adjuvant Chemotherapy for Lymph 
Node-Positive Breast Carcinoma

Lymph node status is the most important prognostic factor.
Multiple studies have demonstrated that adjuvant systemic
chemotherapy can prolong disease-free and overall survival in
the node-positive patients.59

Adjuvant Radiation Therapy

The need for postlumpectomy radiation therapy is absolute.
The current controversy centers on the sequencing of adju-
vant chemotherapy and radiation after breast conservation.
Currently, treatment is frequently individualized on the ba-
sis of risk assessment. Sequencing is based on the greatest
perceived risk. For patients with a high risk of systemic re-
lapse, chemotherapy precedes radiation; for patients with lo-
cal control issues (see postmastectomy chest wall radiation,
next), radiation may be given first.

Currently, postmastectomy radiation should be performed
for women with T3 or T4 primary tumors, four or more pos-
itive nodes, or positive margins, and should be considered in
premenopausal women with one to three positive nodes based
on these studies.

Treatment of Locally Advanced (Stage III)
Breast Cancer

Locally advanced breast cancers (LABC) includes patients with
tumors greater than 5 cm (T3 lesions), fixed to the chest wall
or skin (T4 tumors), and/or those with bulky fixed axillary
lymph nodes (N2 disease). Inflammatory cancer is a distinct
entity and is discussed separately. For both these situations,
neoadjuvant chemotherapy has become the treatment of
choice. Furthermore, numerous studies have demonstrated an
improvement in survival with multimodal sequential therapy
where treatment is initiated with neoadjuvant chemotherapy.

Patients with inflammatory cancer present with brawny
induration of the skin, often with peau d’orange (skin edema)
and erythema. These changes are caused by tumor emboliza-
tion of dermal lymphatics. Neoadjuvant chemotherapy pro-
duces similar response rates (up to 80%) as in LABC patients.
Most patients can then be resected by mastectomy with clear
margins. Local control rates up to 70% can now be achieved60
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with a 50% 5-year survival.61 To achieve these results,
surgery must be followed by radiation and chemotherapy.

Treatment of Metastatic (Stage IV) 
Breast Cancer

Metastatic breast cancer is rarely cured. The median survival
of women with stage IV disease is 2 years. Therefore, pallia-
tion and prolongation of life are the goals of treatment. Thus,
when two therapeutic choices are equally efficacious, the
least toxic should be selected.

Treatment of Unusual Presentations 
of Breast Cancer

Paget’s Disease

Paget’s disease of the breast is a rare form of in situ carcinoma
involving the nipple and is often associated with an underlying
invasive or intraductal carcinoma.62 Clinically it is manifest as
eczematoid changes of the nipple with accompanying edema,
erythema, pruritis, and nipple discharge. Punch biopsy of the
nipple is diagnostic and reveals large cells with prominent nu-
cleoli and pale cytoplasm (Paget’s cells). Because of its unusual
presentation, there is often a delay in making the diagnosis. The
majority of women with Paget’s disease have an underlying can-
cer at the time of diagnosis; therefore, a careful physical ex-
amination coupled with a mammogram must be performed. For
patients with an associated lesion, mastectomy is the preferred
treatment. Axillary lymph node dissection should be performed
only if the associated cancer has an invasive component. For
patients without palpable breast masses or mammographic den-
sities, breast conservation may be considered. Recent data
demonstrate that complete resection of the nipple–areola com-
plex followed by definitive radiotherapy has an acceptable dis-
ease-free and overall survival.63 The prognosis of Paget’s disease
is that of the underlying cancer, and approaches 100% for pa-
tients without an associated invasive cancer.

Occult Breast Cancer Presenting as 
Axillary Metastases

Although breast cancer presenting with axillary lymph-
adenopathy without an identifiable primary represents less
than 1% of breast cancers, this entity has been recognized
since the times of Halstead. Evaluation should include phys-
ical examination, focusing on the breast, skin, and thyroid,
as well as fecal occult blood testing. Radiologic workup
should be limited to mammography, chest X-ray, and possi-
bly bone scan to exclude metastatic disease before therapy.
Laboratory evaluation should include a complete blood
course, liver function tests, and carcinoembryonic antigen 
determination.

Women with axillary metastasis from an occult breast pri-
mary historically have been treated with mastectomy. The
likelihood of identifying an occult primary has decreased as
high-resolution mammography has become widely available.
As with other breast cancers, there has been a trend toward
breast conservation. Some groups advocate axillary lymph
node dissection followed by radiation therapy. Overall survival

is the same as for women with stage II cancer in whom a breast
primary was identified,64 reinforcing the prognostic impor-
tance of axillary staging. Because of the nodal involvement,
adjuvant systemic therapy is recommended for these women.

Breast Cancer During Pregnancy

It used to be believed that breast cancer arising during preg-
nancy was especially aggressive; however, when stratified by
stage, survival is similar to that of nonpregnant women. De-
lay in diagnosis and treatment resulting in presentation at a
later stage is now implicated in the poorer prognosis overall
for pregnant women with breast cancer.

Nonepithelial Tumors

PHYLLODES TUMOR (CYSTOSARCOMA PHYLLODES)

Phyllodes tumors are the most common nonepithelial tumors
of the breast. Despite the older designation of cystosarcoma,
the majority of these lesions are benign. Therefore, “malig-
nant” or “benign” should qualify the diagnosis of “phyllodes
tumor the breast.”

These tumors exclusively occur in the female breast.
They present as large, mobile, well-circumscribed masses
that are mammographically indistinguishable from fibroade-
nomas. They occasionally can grow rapidly. For benign tu-
mors, local excision to widely negative margins is appropri-
ate. Some advocate mastectomy for malignant phyllodes
tumors, especially if they are of large size. Because the risk
of axillary metastasis is less than 1%, axillary lymph node
dissection is not indicated. 

Male Breast Cancer

Male breast cancer typically presents as a hard, irregular, non-
tender, eccentric mass often fixed to the chest wall. It must
be distinguished from gynecomastia, which is more com-
monly bilateral, symmetrical, and retroaereolar. Mammogra-
phy is extremely helpful in differentiating between the two
entities. If any question persists, tissue diagnosis via fine-nee-
dle aspiration, core, or surgical biopsy should be undertaken.
Almost all male breast cancers are ductal in origin due to the
paucity of lobular elements in the male breast. Both ductal
carcinoma in situ and Paget’s disease have been described.

Traditionally male breast cancer presented at a later
stage, often because of delay either in the patient seeking
medical care or in diagnosis. Treatment depends on extent
of involvement. Often there is invasion of the pectoralis ma-
jor muscle, necessitating radical mastectomy. For earlier tu-
mors, modified radical mastectomy is the preferred proce-
dure. For close or positive margins, postmastectomy
radiation should be added. Breast conservation, while theo-
retically acceptable, is often not feasible because of the lim-
ited amount of tissue of the male breast. If all criteria for
breast conservation are met, however, there is no absolute
contraindication to its use.

The value of systemic adjuvant chemotherapy has been
extrapolated from the large trials on women, and should be
considered at least for patients with stage II or greater dis-
ease. The majority of patients (80%) are estrogen receptor pos-
itive, and treatment with Tamoxifen should be considered in
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male patients with tumors greater than 1 cm or nodal posi-
tivity. Stage for stage, survival curves parallel those of female
epithelial breast cancers.
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Melanoma and Other 
Cutaneous Malignancies

Vernon K. Sondak and Kim A. Margolin

Cancers of the skin constituted nearly one-half of all can-
cers diagnosed in 1999, at least 1,000,000 new cases in
the United States alone. In fact, the skin is by far the

most common primary site for human cancer development.

Melanoma

The incidence of melanoma has climbed steadily since 1930;
the rate of this increase is higher than that for any other type
of cancer.1 Because of its relatively young age of onset,
melanoma is second only to leukemia in terms of the years
of potential life lost per death among all types of malignancy
in the United States.2

Demographics and Epidemiology

The major etiological factor in the development of most cases
of cutaneous melanoma is intermittent, acute exposure to ul-
traviolet radiation in susceptible individuals who lack adequate
protection in terms of pigmentation (acquired or natural).3

DISEASE SITES

More than 90% of melanomas are cutaneous lesions,4 but
melanomas also occur in the pigmented cells of the retina
(choroidal or ocular melanomas) and on the mucous mem-
branes of the nasopharynx, vulva, and anal canal. In general,
these noncutaneous tumors present at a more advanced stage
and have a poorer prognosis (Table 54.1).4 About 2% of
melanoma cases present as metastatic disease to regional
lymph nodes or distant sites without a known primary.4

AGE

The average age at diagnosis is 55 years, with more than three-
fourths of all cases arising before age 70.4

GENDER

Melanoma is slightly more common in men than in women,
with a male to female ratio of approximately 1.2:1. It appears
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that women have a slightly better prognosis, stage for stage,
compared to men.4

RACE

Melanoma is much less common in Blacks, with an annual
age-adjusted incidence only 1% of that seen in Caucasians.
Asians and Hispanics are similarly at very low risk for
melanoma compared to whites.5

GEOGRAPHY

Incidence rates of melanoma are highest in areas of the world
where fair-skinned Whites live in a very sunny climate near
the equator.6 Thus, Australia and Israel have among the high-
est melanoma rates in the world.

SPECIFIC RISK FACTORS

ULTRAVIOLET LIGHT

Most dangerous is UVB radiation (wavelength, 290–320 nm),
but UVA (320–400 nm) probably also has carcinogenic 
potential.7

SKIN TYPE AND TYPICAL AND ATYPICAL MOLES

Typical moles or benign moles, also called melanocytic nevi,
are small (�6 mm), round, uniformly tan or brown, and sym-
metrical. They are generally raised above the skin surface, as
opposed to freckles, which are flat. Patients with many (�25)
melanocytic nevi are at increased risk for melanoma devel-
opment8,9; most of these patients are also fair-skinned, light-
haired individuals who burn easily and rarely tan.

Atypical moles, also called clinically atypical nevi or dys-
plastic nevi, are larger (generally �6 mm), asymmetrical, and
often raised with a pebbly surface (Fig. 54.1). Although atypi-
cal moles are frequently referred to as dysplastic nevi, patho-
logical analysis does not always demonstrate the presence of
dysplasia. Otherwise normal individuals with at least one clin-
ically atypical nevus have a 6% lifetime risk of developing
melanoma. This risk rises to as high as 80% or more in indi-
viduals who have a family history of melanoma in addition to
one or more atypical nevi.10 Even if every atypical mole is sur-



gically removed, however, the patient remains at increased
risk for melanoma development in the remaining normal skin.
Therefore, close follow-up is particularly important in those
with a family history of melanoma.

Dysplastic nevus syndrome is a familial tendency to de-
velop atypical moles and also melanoma. Familial patients
tend to be diagnosed at a younger age and often develop mul-
tiple primaries. Studies in several kindreds suggest an auto-
somal-dominant pattern of inheritance.

Giant congenital nevi are pigmented lesions actually pres-
ent at birth, as opposed to developing months or years later.
Among congenital nevi, only the giant congenital nevus (de-
fined as greater than 20 cm in maximum diameter), a very
rare lesion, is a documented precursor to melanoma.11 When-
ever the cosmetic result permits, giant congenital nevi should
be excised in early childhood. If complete excision is im-
possible, even with staged procedures, close follow-up is 
indicated.

Diagnosis and Prognosis

The prognosis for melanoma is directly related to the stage at
initial diagnosis. The most commonly used staging system is
the TNM system. Table 54.2 illustrates the differences be-
tween the previous (1997) version and the present (2002) ver-
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TABLE 54.1. Melanoma 5-Year Survival Rates by Site.

Five-year survival
Site Number of cases (%)

Cutaneous 23,696 80.8
Ocular 1275 74.6
Unknown primary site 518 29.1
Mucosal 306 25.0
All cases 25,795 78.8

Source: Adapted from Chang AE, Karnell LH, Menck HR. The National Can-
cer Data Base report on cutaneous and non-cutaneous melanoma: a summary
of 84,836 cases from the past decade. Cancer 1998;83:1664–1678.

FIGURE 54.1.  Clinically atypical moles, also called dysplastic nevi,
are large (generally �6 mm), asymmetrical, and have a pebbly sur-
face. They may have various shades of coloration. 

TABLE 54.2. Differences Between the Previous (1997) Version and the Present (2002) Version of the Melanoma Staging System.

Factor Old system New system Comments

Thickness Secondary prognostic factor; Primary determinant of T staging; Correlation of metastatic risk is a 
thresholds of 0.75, 1.50, 4.0 mm thresholds of 1.0, 2.0, 4.0 mm continuous variable

Level of invasion Primary determinant of T staging Used only for defining T1 Correlation only significant for thin
melanomas lesions; variability in interpretation

Ulceration Not included Included as a second determinant Signifies a locally advanced lesion;
of T and N staging dominant prognostic factor for 

grouping Stages I, II, and III
Satellite metastases In T category In N category Merged with in-transit lesions
Thick melanomas Stage III Stage IIC Stage III defined as regional metastases

(� 4.0 mm)
Dimensions of nodal Dominant determinant of N Not used No evidence of significant prognostic
metastases staging correlation
Number of nodal Not included Primary determinant of N staging Thresholds of 1 vs. 2–3 vs. � 4 nodes
metastases
Metastatic tumor Not included Included as a second determinant Clinically occult (“microscopic”) vs.
burden of N staging clinically apparent (“macroscopic”) 

nodal volume
Lung metastases Merged with all other visceral Separate category as M1b Has a somewhat better prognosis 

metastases than other visceral metastases
Elevated serum LDH Not included Included as a second determinant 

of M staging
Clinical vs. Did not account for sentinel node Sentinel node results incorporated Large variability in outcome between
pathologic staging technology into definition of pathologic clinical and pathologic staging;

staging pathologic staging encouraged prior 
to entry into clinical trials

Source: Adapted from Balch et al.56



sion of the melanoma staging system that will be implemented
on January 1, 2003. If detected early (stage I or II), most cuta-
neous melanomas can be cured with surgical excision. The
prognosis of patients with lymphatic dissemination decreases
significantly, and only a minority of patients who develop
metastatic disease survive beyond 5 years (Table 54.3).

EARLY DIAGNOSIS OF MELANOMA

DIFFERENTIATION FROM BENIGN MOLES

Early melanomas (Fig. 54.2) may be differentiated from be-
nign moles by assessing for asymmetry, border irregularity,
color (variable or very dark), and diameter greater than 6 mm
(the so-called ABCDs; see Table 54.4). Other signs of
melanoma include itching, bleeding, ulceration, or changes
in a preexisting benign mole.

CLINICALLY ATYPICAL NEVI

Clinically atypical nevi have some, but not all, the features
of melanoma: They are generally larger than 6 mm, asym-
metrical, and often show border irregularity (see Fig. 54.1).
Biopsy of any suspicious skin lesion should be carried out.
Patients with too many atypical nevi to excise require care-
ful follow-up.

AMELANOTIC MELANOMA

Most (but not all) melanomas are pigmented. Nonpigmented
melanomas are referred to as “amelanotic” melanomas.
These are among the hardest types of melanoma to diagnose.
A high index of suspicion and a low threshold for conduct-
ing biopsies of persistent or suspicious nonpigmented lesions
is the only way amelanotic melanomas can be diagnosed at
a relatively early stage.

SKIN AND REGIONAL LYMPH NODE EXAMINATION

Total-body skin examination is a critical part of the initial
evaluation and subsequent follow-up of patients with
melanoma, nonmelanoma skin cancer, or clinically atypical
nevi. Because of the common denominator of solar exposure
in the causation of most skin cancers, patients with one skin
cancer are at significant risk of harboring or developing a sec-
ond or even multiple skin cancers, often of a different histo-
logical type.

All accessible lymph nodes groups (cervical, supraclavic-
ular, axillary, and inguinal regions) should be carefully ex-
amined in melanoma patients at the time of presentation and
at each follow-up visit. Lymphatic metastasis is the most fre-
quently encountered type of dissemination in melanoma.

BIOPSY TECHNIQUES

When the decision is made to biopsy a suspicious pigmented
or nonpigmented skin lesion, several factors must be taken
into consideration. First and foremost, the pathologist must
receive adequate tissue to permit assessment of all relevant
histological features. Also, the initial biopsy should be planned
so as not to complicate subsequent surgical treatment.12

Partial-thickness shave biopsies, cryosurgery, or electrodesic-
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FIGURE 54.2.  Early melanomas generally demonstrate asymmetry,
border irregularity, dark or variable coloration, and diameter �6 mm.

TABLE 54.3. Five-Year Survival Rates of Pathologically Staged Patients.

IA IB IIA IIB IIC IIIA IIIB IIIC

Ta: non-ulcerated T1a T2a T3a T4a N1a N1b N3
melanoma 95% 89% 79% 67% N2a N2b

67% 54% 28%

Tb: T1b T2b T3b T4b N1a N2b
ulcerated 91% 77% 63% 45% N2a N2b
melanoma N3

52% 24%

T1a, melanoma � 1.0 mm in thickness and level II or III, no ulceration; T1b, melanoma � 1.0 mm in thickness and
level IV or V or with ulceration; T2a, melanoma 1.01–2.0 mm in thickness, no ulceration; T2b, melanoma 1.01–2.0
mm in thickness, with ulceration; T3a, melanoma 2.01–4.0 mm in thickness, no ulceration; T3b, melanoma 2.01–4.0
mm in thickness, with ulceration; T4a, melanoma � 4.0 mm in thickness, no ulceration; T4b, melanoma � 4.0 mm in
thickness, with ulceration; N1a, clinically occult (microscopic) metastasis in one lymph node; N1b, clinically apparent
(macroscopic) metastasis in one lymph node; N2a, clinically occult (microscopic) metastasis in 2–3 regional nodes or
intralymphatic regional metastasis without nodal metastasis; N2b, clinically apparent (macroscopic) metastasis in 2–3
regional nodes or intralymphatic regional metastasis without nodal metastasis; N3, metastasis in four or more re-
gional nodes, or matted metastatic nodes, or intransit metastasis or satellite(s) with metastasis in regional node(s).

Source: Adapted from Balch, C.M., et al., Prognostic factors of 17,600 melanoma patients. Validation of the AJCC
melanoma staging system. J Clin Oncol, 19;3622–3634, 2001 and Greene, F.L., Page D.L., Fleming, I.D., et al., edi-
tors. AJCC Cancer Staging Manual, Sixth Ed. New York: Springer-Verlag. 2002:209–220.



cation do not allow for pathological analysis of margins and
depth of invasion and should be avoided.

COMPLETE EXCISION

Ideally, most clinically suspicious skin lesions should be biop-
sied by complete excision using local anesthesia, taking a 
1- to 2-mm margin of normal skin and including some sub-
cutaneous fat. Unusually large lesions or those situated in
cosmetically sensitive areas, such as the face, may be ap-
proached by incisional or punch biopsy.

BIOPSY OF LYMPH NODES

Palpably enlarged lymph nodes suspected of representing
melanoma metastasis are initially evaluated by fine-needle
aspiration cytology.13 A positive cytology is grounds for per-
forming a full lymph node dissection. If the cytology is non-
diagnostic or negative, or if the node is in a location that pre-
cludes aspiration, an open biopsy is appropriate. Sentinel
lymph node biopsy is described later in this chapter.

HISTOLOGICAL TYPES OF MELANOMA

Melanomas are classified into four major histological categories.
Superficial spreading melanomas constitute up to 70% of cu-
taneous melanomas. They often arise within a preexisting ne-
vus. Nodular melanomas represent about 8% to 10% of cuta-
neous melanomas. They are generally dark blue-black and are
more symmetrical and uniform in color than other melanomas.
Lentigo maligna melanomas also account for about 10% of cu-
taneous melanomas. They typically occur on the sun-exposed
areas of the head and neck and the hands. These lesions arise
from a precursor lesion known as lentigo maligna, or Hutchin-
son’s melanotic freckle. Acral-lentiginous melanomas occur on
the palms, soles, and beneath the nails (subungual melanoma),
and make up only 1% of melanoma cases.4

GROWTH PHASES OF MELANOMA

The local growth of melanoma has been characterized as oc-
curring in two distinct phases: a radial and a vertical phase.14

Radial growth phase is characterized by melanoma tumor cells
extending laterally (“radially”) within the epidermis and pap-
illary dermis. Vertical growth phase into the deeper layers of
skin is associated with increasing nodularity of the lesion and
a much greater potential for metastasis.

PATHOLOGICAL STAGING OF MELANOMA

In the absence of distant metastatic disease, the single most
important prognostic factor in melanoma is the status of the
regional lymph nodes. Currently, 85% of melanoma patients
present with clinically normal lymph nodes. In clinically
node-negative patients, most investigators have found the mi-
croscopic degree of invasion of the melanoma, or microstage,
to be of critical importance in predicting outcome. Two meth-

ods have been described for microscopic staging of primary
cutaneous melanomas.

Clark’s levels classify melanomas according to the level
of invasion relative to histologically defined landmarks in the
skin. Clark’s five levels are depicted in Figure 54.3. Clark’s
levels correlate with prognosis: lesions with deeper levels of
invasion have a greater risk of recurrence.

Breslow’s thickness is a measurement of the thickness of
the primary tumor from the top of the granular layer of the
epidermis to the deepest contiguous tumor cell at the base of
the lesion using a micrometer in the microscope eyepiece.
Many investigators have documented an inverse correlation
between the maximum measured tumor thickness and sur-
vival. More importantly, several studies have demonstrated
that tumor thickness conveys more prognostic information
than does Clark’s level of invasion.

REGIONAL LYMPH NODE INVOLVEMENT

There is a direct relationship between the thickness of a pri-
mary melanoma and the likelihood of metastatic involve-
ment of the regional lymph nodes. The presence of regional
lymph node metastases is a poor prognostic sign regardless of
the microstage of the primary lesion.

OTHER PROGNOSTIC FACTORS

HISTOLOGIC TYPE

In general, nodular and acral-lentiginous melanomas are sig-
nificantly thicker at the time of diagnosis than superficial
spreading or lentigo maligna melanomas. Thus, even when
TNM stage is taken into account, nodular and acral-lentigi-
nous melanomas have a significantly worse prognosis.

SITE OF THE PRIMARY

Several studies have shown that patients with melanomas of
the extremities have a better survival rate than patients with
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FIGURE 54.3.  Clark’s levels of invasion for cutaneous melanoma.

TABLE 54.4. Differentiating Melanoma from Benign Moles: the ABCDs.

Characteristic Melanoma Benign moles

A: Asymmetry Asymmetrical Symmetrical
B: Border irregularity Irregular, notched Regular, round
C: Color Very dark or variable Uniform, brown or tan
D: Diameter Usually �6 mm Always �6 mm



lesions arising on the trunk or head and neck. However, this
may be because truncal, head, and neck lesions are harder to
see, and may present later (thicker).

OTHER PATHOLOGICAL FEATURES

Several pathological characteristics of the primary tumor re-
tain their significance as prognostic factors independent of
Breslow’s thickness in node-negative melanoma: these in-
clude a lymphocytic in filtrate and areas of apparent regres-
sion.14 Ulceration and satellitosis (the presence of satellite
nodules of melanoma within 2 cm of the primary) are also
indicators of an increased risk of local recurrence after wide
excision.15,16

GENDER AND AGE

Female gender and age less than 60 years have been found to
be independent favorable prognostic factors in many but not
all studies.4,14,17

Surgical Treatment of Cutaneous Melanoma

Surgery remains the mainstay of treatment for local/regional
cutaneous melanoma (TNM stages I–III), and occasionally
plays a role in selected patients with stage IV disease as well.
Initial surgical management of the patient with clinically lo-
calized melanoma involves adequate excision of the primary
lesion and, in many cases, staging of the regional lymph nodes.

EXCISION OF THE PRIMARY LESION

The current recommendations for excision margins of cuta-
neous melanomas are summarized in Table 54.5. Regardless of
the recommended width of excision, a histologically negative
margin is necessary.

MANAGEMENT OF REGIONAL LYMPH NODES

Melanoma patients with clinical evidence of lymph node in-
volvement but no evidence of distant disease (AJCC clinical

stage III) should undergo a fine-needle aspiration cytology or,
when necessary, an open biopsy to document the presence of
metastatic melanoma. If the cytology or biopsy confirms the
presence of nodal involvement in a single node, complete re-
gional lymph node dissection should be carried out.

Recommendations regarding surgical management of pa-
tients with clinically negative regional nodes are best made
in the context of the thickness of the primary tumor.

Patients with thin melanomas (�1 mm in thickness) have
a very low likelihood of nodal involvement (�5%). These pa-
tients should undergo periodic physical examinations to de-
tect the rare cases of nodal recurrence.

Melanomas 1 mm to 4 mm in thickness are associated with
about a 20% to 25% chance of occult nodal involvement. How-
ever, elective dissection of the regional nodes would convert
all these cases from outpatient into inpatient procedures re-
quiring general anesthesia, increasing costs and morbidity for
all patients while only identifying and treating positive nodes
in a minority of the group. Thus, there would have to be sub-
stantial evidence of a survival benefit to argue for elective node
dissection as routine treatment in this group of patients.

Retrospective data suggested that there was, indeed, a sur-
vival benefit for immediate (elective) lymph node dissection
at the time of excision of the primary in patients with in-
termediate-thickness melanoma.18 These data led to a num-
ber of randomized trials in the United States and around the
world. The results of those trials argue strongly against the
routine use of elective dissection in patients who have in-
termediate-thickness melanomas and clinically negative
lymph nodes. Nonetheless, staging of the regional nodes (se-
lective lymphadenectomy) may be of benefit in selecting pa-
tients for adjuvant therapy.

Patients with thick melanomas (�4 mm) have a high like-
lihood of nodal involvement but also have a high incidence of
occult systemic metastasis at the time of diagnosis. For this
reason, even strong proponents of elective node dissection agree
that patients with thick primaries do not benefit from elective
removal of clinically negative lymph nodes.18
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TABLE 54.5.

Current Recommendations for Excision Margins for Cutaneous Melanomas.

Location Tumor thickness Recommended margin Evidence Reference

Trunk and proximal extremity �1 mm 1 cm Randomized triala 41,42
1–2 mm 2 cm if able to be closed Randomized trialsa 16,41–43

primarily, otherwise 1 cm
2–4 mm 2 cm Randomized triala 16,43
�4 mm or with At least 2 cm Nonrandomized 44

satellitosis clinical seriesb

Accepted surgical
practicec

Head and neck and distal extremity �1 mm 1 cm Randomized triala 41,42
�1 mm At least 1 cm Accepted surgical

practicec

aLevel I evidence.
bLevel II evidence.
cLevel III evidence.

Note: Level I evidence is defined as prospective, randomized clinical trials.

Level II evidence is defined as clinical trials without randomization or case-controlled retrospective studies.

Level III evidence is defined as retrospective analyses without case controls, accepted clinical practice, or anecdotal case reports.



SELECTIVE LYMPHADENECTOMY

Recently, a new option for the management of melanoma pa-
tients with clinically negative nodes has emerged. It has been
shown that the lymphatics from any given spot on the skin
drain to a single or at most two or three specific lymph nodes
within the regional basin. These initial draining nodes, called
the “sentinel” nodes, are almost always the first site of nodal
involvement when melanoma spread to the regional nodes.
If the sentinel nodes are negative for melanoma, the remain-
ing nodes are also free of involvement in at least 96% of
cases.19 Based on these findings, the technique of selective 
lymphadenectomy for patients with intermediate and thick
melanomas and clinically negative nodes has been proposed.
In this strategy, only the sentinel nodes are removed initially,
and full lymph node dissection is reserved for patients with in-
volved sentinel nodes. The technique of selective lym-
phadenectomy has been adopted by a number of surgeons as
an alternative to “watch and wait” or routine elective node
dissection strategies.

TECHNIQUES OF SELECTIVE LYMPHADENECTOMY

Two techniques are available for identifying the sentinel node
draining a cutaneous melanoma. The first involves blue lym-
phangiogram dye (either isosulfan blue [Lymphazurin] or
patent blue) injected intradermally at the site of the primary,
followed about 5 min later by an incision over the lymph node
basin, and the blue lymphatic channel or channels coursing to
the sentinel node are identified and traced until a blue-stained
node is identified and removed. This technique allows for iden-
tification of the sentinel node at least 80% of the time. The
alternative technique involves injection of a radiolabeled col-
loid solution, which can be done up to 4 h before surgery, com-
bined with intraoperative identification of the sentinel node
using a handheld gamma detector. As the radiolabeled tech-
nique provides no visual clues to the sentinel node’s location,
most surgeons combine the two techniques. The combined
use of blue lymphangiogram dye plus radiolabeled colloid en-
ables the detection of the sentinel node in more than 98% of
cases.20,21

Postoperative Follow-up of the Melanoma Patient

The main goals of postoperative followup are to detect treat-
able (i.e., local-regional) recurrences and new primary tu-
mors in an expeditious fashion. Hence, physical examina-
tion plays a more important role than laboratory or
radiologic examination.

Melanoma and Pregnancy

When melanoma occurs during pregnancy, a number of
unique considerations arise. Hormones, in particular estro-
gen, stimulate the proliferation of normal melanocytes and
there is abundant evidence to suggest they affect melanoma
cells as well. Furthermore, melanoma is one of the few ma-
lignancies that have been recognized to metastasize to the
placenta and even cross the placenta to involve the fetus.22

While these facts merit careful consideration, the bulk of the
available evidence suggests that, stage for stage, the outcome
of a pregnant patient with stage I or II melanoma is not dif-
ferent from a nonpregnant patient.23 Subsequent pregnancy
also does not seem to be associated with an adverse outcome.

Surgical Treatment of Noncutaneous Melanomas

Noncutaneous melanomas generally present at a more ad-
vanced stage than cutaneous lesions. The site of the lesion
greatly affects the approach to the primary tumor and regional
lymph nodes.

OCULAR MELANOMA

Prognostic factors for ocular melanoma are not nearly as well
characterized as for cutaneous melanomas. Ocular melanomas
generally do not have access to lymphatic channels, so regional
spread is rarely seen. Treatment options are enucleation or 
radiotherapy.

ANAL AND VULVAR MELANOMA

Melanomas of the anus and vulva pose challenges in the treat-
ment of both the primary lesion and regional nodes. Excision
of primary tumors in these areas should not be overly radical:
abdominoperineal resection or radical vulvectomy are unnec-
essarily deforming and are not associated with improved sur-
vival compared to wide local excision. Elective dissection of
clinically normal inguinal nodes has never been demonstrated
to be of any survival value in either anal or vulvar melanoma.

NASAL OR NASOPHARYNGEAL MELANOMA

Melanomas arising in the nasal or nasopharyngeal mucosa
should be conservatively excised, with node dissection reserved
for patients who have proven nodal involvement. Because of
the difficulty achieving wide, tumor-free margins around the
primary site, postoperative radiation is often employed.24

Adjuvant Therapy of Cutaneous Melanoma

Although the prognosis for patients with early-stage cuta-
neous melanoma is quite good, less than 50% of patients with
deep primaries (�4 mm) or regional lymph node involvement
will be cured by surgery alone. The development of effective
adjuvant therapy capable of increasing postsurgical survival
has been a long-standing goal of melanoma researchers.

CHEMOTHERAPY AND NONSPECIFIC IMMUNOSTIMULANTS

These agents, including DTIC (dacarbazine), BCG stimula-
tions and levamisole have shown no clear benefit.

INTERFERONS

Studies involving interferon (IFN) � demonstrated no benefit
and actually raised the possibility of a detrimental effect.25,26

On the other hand, IFN-� has been shown to have antitumor
activity in advanced disease.27 Several randomized trials for
stage IIb and III disease demonstrated statistically significant
improvements in disease-free and overall survival when in-
terferon-treated patients were compared with observed pa-
tients.28 Regarding patients with stage I and II melanomas, 
IFN-� treatment was associated with significantly improved
relapse-free survival but no overall survival benefit.29,30

ADJUVANT VACCINE THERAPY

The idea that a tumor vaccine could prevent recurrence after
surgery even if the same vaccine could not induce regression
of advanced disease is a compelling one. However, this strat-
egy remains under investigation.
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RADIATION THERAPY

The potential roles of radiotherapy in local-regional mela-
noma are outlined in Table 54.6.

Treatment of Metastatic Melanoma

Stage IV melanoma is associated with a very poor overall prog-
nosis, yet some patients are long-term survivors with aggres-
sive treatment. Surgery, radiation therapy, and systemic treat-
ments all have a role to play. In general, solitary metastases
in any location should be considered for resection.

MANAGEMENT OF METASTATIC DISEASE IN SELECTED SITES

IN-TRANSIT SKIN METASTASES

In-transit metastases, that is, cutaneous or subcutaneous nod-
ules arising between the primary site and the regional lymph
node basin, are a well-recognized but fairly uncommon site of
failure in cutaneous melanoma. A surgical technique developed
to treat in-transit metastases, isolation limb perfusion, involves

cannulating the artery and vein to an extremity and connect-
ing the cannulas to a cardiopulmonary bypass machine. This
procedure effectively isolates the blood flow to that extremity
and allows for prolonged perfusion with cytotoxic or biological
agents. Most commonly, the chemotherapeutic agent melpha-
lan (L-phenylalanine mustard, Alkeran) has been used. Hyper-
thermic isolation perfusion with melphalan alone or combined
with tumor necrosis factor-� (TNF-�) results in the regression
of more than 90% of cutaneous in-transit metastases.31–33

CENTRAL NERVOUS SYSTEM

The brain and central nervous system (CNS) are the initial site
of metastasis in 12% to 20% of patients with metastatic
melanoma. The best outcomes are in patients without other
evidence of systemic metastatic disease who develop limited
intracranial metastases that can be treated with the combina-
tion of surgery and whole-brain radiotherapy.34 Systemic
chemotherapy with nitrosoureas, which penetrate the
blood–brain barrier and have some antitumor activity, is oc-
casionally used for recurrent or refractory cases (Table 54.7).35
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TABLE 54.6.

Potential Roles of Locoregional Radiotherapy in the Management of Melanoma.

Objective of
radiotherapy Indication Timing Evidence [references]

Avoid morbidity of Large lesion in surgically Primary (instead of surgery) Anecdotal, case reports  
surgery in cosmetically difficult site, e.g., lentigo (level III evidence) [45]
sensitive area maligna of face
Reduce extent of Large lesion in surgically Preoperative or adjunctive Anecdotal, accepted clinical practice
surgery difficult site, e.g., sinus following surgery (level III evidence) [24,46,47]
Reduce locoregional Extranodal extension of Adjunctive following Nonrandomized clinical series (level II
recurrence tumor; multiple positive surgery (?during evidence); small randomized trials 

lymph nodes; ?any interferon therapy) have been inconclusive [48–51]
positive lymph nodes in
the head and neck

TABLE 54.7.

Management of Central Nervous System Metastases.a

Site Characteristics Recommended therapy Evidence [references]

Brain Single or limited number, Surgical excision followed by Prospective, randomized trials (level I 
resectable whole-brain radiotherapy; evidence); nonrandomized clinical series

stereotactic radiation followed by (level II evidence) [34,52]
whole-brain radiotherapy

Brain Multiple and/or Whole brain radiotherapy Accepted clinical practice (level III
unresectable evidence) [53]

Brain Recurrent Stereotactic radiation; systemic Nonrandomized clinical series (level II 
chemotherapy with nitrosoureas evidence) [35,52]

Spinal cord Resectable Resection followed by radiation; Anecdotal, case reports (level III evidence); 
radiation alone small randomized trial (level I 

evidence) [53,54]
Meninges Diffuse, nonlocalizing Intrathecal chemotherapy or Anecdotal, case reports (level III evidence)

neurological findings with immunotherapy [55]
positive CSF cytology
and/or focal enhancing
lesions on CT or MR

aAll patients should receive high dose glucocorticoid therapy to be tapered as tolerated based on neurologic symptoms and signs.



GASTROINTESTINAL TRACT AND ABDOMINAL VISCERA

Melanoma has a propensity for metastases involving the gas-
trointestinal tract. Manifestations that mandate surgical in-
tervention include hemorrhage, obstruction, intussusception,
and even perforation. Surgical resection is indicated when-
ever feasible, even if extraintestinal spread is present that can-
not be removed.

Systemic Therapy of Metastatic Melanoma

The systemic therapy of melanoma is one of the most frus-
trating tasks for the medical oncologist. Strategies include the
use of DTIC based chemotherapy, biological therapies (IFN-�,
interleukin-2, melanoma vaccines, gene transfer), and combi-
nation biochemotherapy. Objective responses may be as high
as 15 or 20%. Still, despite great strides in the understanding of
tumor biology, immunology, and pharmacology, the treatment
of advanced melanoma yields few durable remissions and min-
imal impact on survival at the cost of considerable toxicity.

Nonmelanoma Skin Cancer

With more than 1 million cases annually in the United States
alone, nonmelanoma skin cancer is by far the most common
form of human malignancy.36 Most are basal and squamous
cell cancers. For these two tumor types, chronic solar exposure
is the predominant etiological factor, with fair-skinned indi-
viduals who have had a long history of sun exposure at high-
est risk. Little is known about the etiologies of other histo-
logical types of cutaneous malignancy.

Risk Factors for Nonmelanoma 
Skin Cancer Development

ACTINIC KERATOSES

Actinic keratoses are scaly, rough, erythematous patches that
occur in chronically sun-exposed areas. They are both markers
for and precursors to nonmelanoma skin cancer development.

BURNS

Squamous cell cancers occasionally arise in burns or other scars.

XERODERMA PIGMENTOSUM

Xeroderma pigmentosum, a rare congenital disorder in which
patients lack the capacity to repair UV-induced DNA dam-
age, is associated with the development of innumerable non-
melanoma skin cancers at a very early age and also with an
increased risk of developing melanoma.37

IMMUNOSUPPRESSION OR PRIOR

HEMATOLOGICAL MALIGNANCY

Nonmelanoma skin cancers and, to a much lesser degree,
melanomas are increased in patients who are immunosup-
pressed or have had previous hematological malignancies.

Histological Types of Nonmelanoma Skin Cancer

BASAL CELL AND SQUAMOUS CELL CARCINOMAS

The two most common types of nonmelanoma skin cancer
are basal cell carcinoma and squamous cell carcinoma.

Bowen’s disease is the name given to squamous cell carci-
noma in situ involving the skin. A rarer, more aggressive skin
cancer, presumably arising from the neuroendocrine cells of
the skin, is Merkel’s cell cancer. Nonmelanoma skin cancers
can occur on any part of the skin surface but are largely found
on the head and neck, hands, and forearms.

CANCERS ARISING IN THE SKIN APPENDAGES

The skin appendages (e.g., hair follicles and sweat glands) can
be the site of origin of adenocarcinomas or apocrine cancers;
these are exceedingly rare.

SARCOMAS

The most common primary sarcoma affecting the skin is der-
matofibrosarcoma protuberans; leiomyosarcoma, angiosar-
coma, and malignant fibrous histiocytoma can also arise en-
tirely within the skin. Generally speaking, cutaneous and
subcutaneous sarcomas have a better prognosis than lesions
that involve or are deep to the muscular fascia.38 Angiosar-
comas, however, tend to have a poor prognosis even when
confined to the skin.

DIFFERENTIATING NONMELANOMA SKIN CANCERS

Basal cell cancers often have a pearly, translucent appearance
with a rolled border, whereas squamous cell cancers are of-
ten keratinized or ulcerated. Dermatofibrosarcoma protuber-
ans and angiosarcomas present as raised nodules or plaques,
and are frequently multifocal. Both often have a purplish or
violaceous hue. Merkel’s cell cancers present as a raised, ul-
cerated lesion that can achieve very large size.

NONMELANOMA SKIN CANCERS IN AFRICAN-AMERICANS

The presentations of nonmelanoma skin cancer differ in more
deeply pigmented races. Basal cell cancers, which are usually
nonpigmented in Whites, are almost always pigmented in
Black patients. Most cases of squamous cell cancer of the skin
occur on the sun-exposed skin of the head and neck or arms,
but in Blacks the majority of cases develop on less exposed
areas, such as the legs, often in association with burns.5

Surgical Treatment of Nonmelanoma Skin Cancers

Surgery is the mainstay of treatment for nonmelanoma skin
cancers, just as for melanoma. Less radical resections than re-
quired for melanoma are generally adequate. Because so many
nonmelanoma skin cancers occur on cosmetically critical ar-
eas, a number of special techniques are used in their removal.

MARGINS OF EXCISION

Excision margins of 0.5 to 1.0 cm are adequate for most non-
recurrent basal and squamous cell cancers, and yield local re-
currence rates under 5% provided that histologically negative
margins are achieved.

RECURRENT CANCERS AND LESIONS IN DIFFICULT SITES

More sophisticated techniques are required for recurrent skin
cancers or those in cosmetically difficult areas, such as the
tip of the nose or the eyelid. For these lesions, a variation of
Mohs micrographic surgery is frequently employed. This type
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of surgery is simply a very controlled surgical excision in
which the removed tissue is precisely oriented and carefully
examined histologically, and serial reexcisions are performed
wherever residual disease is noted.39 After Mohs surgery has
achieved complete excision, reconstruction is done by what-
ever means is appropriate, but often involves skin grafts or
local flaps rather than primary closure.

RADIATION THERAPY

Radiation therapy is a potential treatment for skin cancers lo-
cated in critical sites where surgical excision would be dis-
figuring. Primary basal and squamous cell cancers treated
with radiation have nearly identical cure rates (about 95%)
as those treated with surgical excision. Radiation is also em-
ployed postoperatively to reduce local recurrence rates after
excision of high-grade or recurrent sarcomas of the skin.

TOPICAL AND INTRALESIONAL THERAPY

Occasionally, patients present with numerous skin cancers
that would be impossible to resect completely. For these 
patients, topical chemotherapy with 5-fluorouracil cream can
dramatically reduce the number of excisions required. Direct
intralesional injections of IFN-� have been reported to suc-
cessfully treat basal cell cancers.

Management of Recurrent Disease

LOCAL/REGIONAL RECURRENCE

The vast majority of nonmelanoma skin cancers are success-
fully treated with surgery or primary radiation, with fewer
than 5% recurring locally. Of those that do recur locally, at
least 80% are cured by further local treatment. Regional
lymph node metastases develop in up to 5% of squamous cell
cancers and less than 2% of basal cell cancers. There is 
essentially no role for elective dissections of clinically nor-
mal nodes in any form of nonmelanoma skin cancer, but 
there may be a role for sentinel node biopsy in Merkel’s cell
cancers.40

DISTANT METASTASIS

Distant spread occurs in about 2% of squamous cell cancers
and 0.1% of basal cell cancers, most frequently after nodal
recurrence. No effective therapy exists for metastatic non-
melanoma skin cancer, although a few reports of scattered
temporary responses to chemotherapy exist.
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Soft Tissue Sarcoma
Peter W.T. Pisters

Soft tissue sarcomas comprise a group of relatively rare,
anatomically and histologically diverse neoplasms. These
tumors share a common embryological origin, arising pri-

marily from tissues derived from the meso-derm. The notable
exceptions are neurosarcomas, primitive neuroectodermal tu-
mors, and possibly Ewing’s sarcomas, which are believed to
arise from tissues of ectodermal origin.

Despite the fact that the somatic soft tissues account for
as much as 75% of total body weight, neoplasms of the soft
tissues are comparatively rare, accounting for 1% of adult ma-
lignancies and 15% of pediatric malignancies. The annual in-
cidence of soft tissue sarcomas in the United States is about
7800 new cases with 4400 deaths annually.1

Etiology and Epidemiology

In the United States, the race and sex distribution of adult soft
tissue sarcomas approximates that of the U.S. population.2 No
specific etiological agent is identified in the majority of pa-
tients with soft tissue sarcoma. There are, however, a number
of recognized associations between specific environmental fac-
tors and the subsequent development of sarcoma. In clinical
practice, the most commonly observed nongenetic predispos-
ing factors are previous irradiation and chronic lymphedema.

A number of genetic conditions are also associated with an
increased risk for the development of soft tissue sarcoma. These
conditions include neurofibromatosis, Li–Fraumeni syndrome,
familial retinoblastoma, and Gardner’s syndrome. The most
commonly encountered genetically related soft tissue sarcomas
occur in patients with neurofibromatosis or Gardner’s syndrome.

Pathology

Anatomical Site Distribution

Soft tissue sarcomas have been described at virtually all anatom-
ical sites. The anatomical sites and site-specific histological sub-
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types of 1182 sarcomas treated at a single referral institution
are outlined in Figure 55.1. Approximately one-third to one-half
of all soft tissue sarcomas occur in the extremities, where the
most common histopathological subtypes are malignant fibrous
histiocytoma and liposarcoma. These are the focus of the first
part of the chapter. Retroperitoneal sarcomas comprise 15% 
to 20% of all soft tissue sarcomas, with liposarcoma and
leiomyosarcoma being the predominant histological subtypes.
These are discussed separately at the end of the chapter. The
visceral sarcomas make up an additional 24%, while the head
and neck sarcomas comprise approximately 4% of all sarcomas
seen at a tertiary care cancer center (Fig. 55.1).

Histological Classification

In broad terms, sarcomas can be classified into neoplasms
arising in bone and those arising from the periosseous soft
tissue. Sarcomas of the soft tissues can be further grouped
into those that arise from viscera (gastrointestinal, geni-
tourinary, and gynecological organs) and those that originate
in nonvisceral soft tissues such as muscle, tendon, adipose
tissue, pleura, synovium, and connective tissue.

The most universally applied classification scheme for soft
tissue sarcoma is based on histogenesis, as outlined in the re-
cent World Health Organization (WHO) classification system
for sarcomas.3 This classification system is reproducible for the
better-differentiated tumors. However, as the degree of histo-
logical differentiation declines, the determination of cellular ori-
gin becomes increasingly difficult. Nonetheless, difficulties in
establishing the specific cellular origin have limited clinical im-
portance because the histological subtype is not generally di-
rectly related to biological behavior. Important exceptions to
this generalization include epithelioid sarcoma, clear cell sar-
coma, angiosarcoma, and embryonal rhabdomyosarcoma, all of
which have a greater risk of regional lymph node metastasis.4,5

Histological Grading

Biologic aggressiveness can be best predicted on the basis of
histological grade.6,7 In careful comparative multivariate



analyses, histological grade has been the most important prog-
nostic factor in assessing the risk for distant metastasis and
tumor-related mortality.6,7 Several grading systems have been
proposed, but there is no consensus regarding the specific
morphological criteria that should be employed in the grad-
ing of soft tissue sarcomas.

Clinical Presentation and Diagnosis

The majority of patients present with a painless mass, al-
though pain is noted at presentation in up to a third of cases.2

Delay in diagnosis or sarcomas is common, with the most
common incorrect diagnosis for extremity and trunk lesions
being hematoma or “pulled muscle.”

Physical examination should include an assessment of the
size and mobility of the mass. Its relationship to the fascia
(superficial versus deep) and nearby neurovascular and bony
structures should be noted. A site-specific neurovascular ex-
amination and assessment of regional lymph nodes should
also be performed.

Imaging

Optimal imaging of the primary tumor is dependent on the
anatomic site. For soft tissue masses of the extremities, mag-
netic resonance imaging (MRI) has been regarded as the imag-
ing modality of choice. However, a recent study that com-
pared MRI and computed tomography (CT) in patients with
malignant bone and soft tissue tumors showed no specific ad-

vantage of MRI over CT.8 For pelvic lesions, the multiplanar
capability of MRI may provide superior single-modality imag-
ing. In the retroperitoneum and abdomen, CT usually provides
satisfactory anatomical definition of the lesion. More invasive
studies such as angiography or cavography are almost never
required for the evaluation of soft tissue sarcomas.

Biopsy

Biopsy of the primary tumor is essential for most patients pre-
senting with soft tissue masses. In general, any soft tissue
mass in an adult that is asymptomatic or enlarging, is larger
than 5 cm, or persists beyond 4 to 6 weeks should be biop-
sied. The preferred biopsy approach is generally the least in-
vasive technique required to allow a definitive histological
diagnosis and assessment of grade. In most centers, core nee-
dle biopsy provides satisfactory tissue for diagnosis9–11 and
has been demonstrated to result in substantial cost savings
compared to open surgical biopsy.11 Needle tract tumor re-
currences after percutaneous biopsy are rare but have been re-
ported.12 A practical approach for biopsy and staging of the
patient who presents with a primary extremity soft tissue
mass is outlined in Figure 55.2.

Staging

The relative rarity of soft tissue sarcomas, the anatomical het-
erogeneity of these lesions, and the presence of more than 30
recognized histological subtypes of variable grade have made
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FIGURE 55.1.  Anatomical distribution and site-specific histological
subtypes of 1182 consecutive patients with soft tissue sarcomas seen
at The University of Texas M.D. Anderson Cancer Center (Univer-
sity of Texas M.D. Anderson Cancer Center Sarcoma Database, June

1996–December 1998). MFH, malignant fibrous histiocytoma; ERMS,
embryonal rhabdomyasarcoma; MPNT, malignant peripheral nerve
sheath tumor.



it difficult to establish a functional system that can accurately
stage all forms of this disease. The recently revised staging
system (6th edition) of the American Joint Committee on
Cancer (AJCC) and the International Union Against Cancer
(UICC) is the most widely employed staging system for soft
tissue sarcomas.13 Four distinct histological grades are rec-
ognized, ranging from well differentiated to undifferentiated.
Histological grade and tumor size are the primary determi-
nants of clinical stage (Table 55.1). The system is designed to
optimally stage extremity tumors but is also applicable to
torso, head and neck, and retroperitoneal lesions; it should
not be used for sarcomas of the gastrointestinal tract.

Prognostic Factors

Conventional Clinicopathological Factors

Multiple studies have shown an adverse prognostic signifi-
cance of large (�5 cm), high grade, deeply located tumors. Re-
sults of regression analyses for these and other factors using
the endpoints of local recurrence, distant recurrence (metas-
tasis), and disease-specific survival are shown in Table 55.2.
Note that patients with a constellation of adverse prognostic
factors for local recurrence are not necessarily at increased
risk for distant metastasis or tumor-related death.

Potential Molecular Prognostic Factors

Specific molecular parameters evaluated for prognostic sig-
nificance have included p53,14 mdm2,14 Ki-67,14 altered ex-

pression of the retinoblastoma gene product (pRb)15,16 in high-
grade sarcomas, and the presence of SYT-SSX fusion tran-
scripts in synovial sarcoma17 or EWS-FL11 fusion transcripts
in Ewing’s sarcoma.18,19 Complete discussion of the exten-
sive literature on molecular prognostic factors in sarcoma is
beyond the scope of this chapter. Of these, Ki-67 score seems
most likely to have prognostic significance. Still, although
specific cellular and molecular parameters have been identi-
fied as having independent prognostic significance, there is
presently no consensus on how these prognostic factors
should be utilized in clinical practice.

Treatment of Localized Primary 
Soft Tissue Sarcoma

Surgery

Surgical resection remains the cornerstone of therapy for lo-
calized primary soft tissue sarcoma. Currently, at least 90%
of patients with localized extremity sarcomas can undergo
limb-sparing procedures with postoperative external beam ra-
diotherapy (EBRT) and chemotherapy (e.g. doxorubicin, cy-
clophosphamide, and methotrexate).20,21 Most surgeons con-
sider definite major vascular, bony, or nerve involvement as
relative indications for amputation. Complex en bloc bone,
vascular, and nerve resections with interposition grafting can
be undertaken, but the associated morbidity is high. There-
fore, for a few patients with critical involvement of major
bony or neurovascular structures, amputation remains the
only surgical option but offers the prospect of prompt reha-
bilitation with excellent local control and survival.22 Given
the low (2%–3%) prevalence of lymph node metastasis in
adults with sarcomas,4,5 there is no role for routine regional
lymph node dissection.

SOFT TISSUE SARCOMA 6 8 3

FIGURE 55.2.  Approach for pretreatment evaluation and staging of
the patient with a primary extremity soft tissue mass. AJCC, Amer-
ican Joint Commission on Cancer. (From Pisters PWT. Ann Surg On-
col 1998;5:464–472, with permission.)

TABLE 55.1. American Joint Commission on Cancer/International
Union Against Cancer Staging System for Soft Tissue Sarcomas.

T1 �5 cm
T1a Superficial to muscular fascia
T1b Deep to muscular fascia

T2 �5 cm
T2a Superficial to muscular fascia
T2b Deep to muscular fascia

N1 Regional nodal involvement
G1 Well differentiated
G2 Moderately differentiated
G3 Poorly differentiated
G4 Undifferentiated
Stage I G1, 2 T1a, b, T2a,b N0 M0
Stage II G3, 4 T1a, b, T2a,b N0 M0
Stage III G3, 4 T2b N0 M0
Stage IV Any G Any T N1 M0

Any G Any T Any N M1

Source: Used with the permission of the American Joint Committee on Can-
cer (AJCC) Chicago, IL. The original source for this material is the AJCC Can-
cer Staging Manual, Sixth Ed. (2002) published by Springer-Verlag New York,
www.springer-ny.com.



Surgery Alone

Although the majority of patients with extremity soft tissue
sarcoma should receive pre- or postoperative radiotherapy (see
following section), recent reports suggest that radiotherapy may
not be required for selected patients with completely resected,
small (probably �5 cm), primary soft tissue sarcomas.23–27

Preoperative or Postoperative Radiotherapy

Data from two phase III trials28,29 have confirmed several ret-
rospective reports suggesting that conservative (limb sparing)
surgery combined with radiotherapy results in superior local
control compared to surgery alone for patients with localized
soft tissue sarcoma. Patients with high-grade tumors receive
chemotherapy as well. Radiotherapy can be administered 
preoperatively, postoperatively, or by interstitial techniques
(brachytherapy). No one route has proven superior, although
head-to head trials are underway. Still, despite the improve-
ment in local recurrence, there has been no demonstrable sur-
vival benefit using this modality.30–32

Postoperative Chemotherapy

EFFICACY OF POSTOPERATIVE CHEMOTHERAPY

Despite two decades of randomized trials, the role of postop-
erative chemotherapy in the management of localized soft tis-
sue sarcoma remains controversial. Level I evidence is found
in 12 published randomized trials evaluating postoperative
chemotherapy in patients with localized soft tissue sar-
coma.33–46 Each of these trials had a control arm that received
surgery (�/� radiotherapy) without postoperative chemother-
apy and a group that received surgery plus postoperative sys-
temic therapy with doxorubicin alone or doxorubicin-based
combination chemotherapy. Four of the trials reported sig-
nificantly improved relapse-free survival rates with postoper-
ative chemotherapy, but only 2 of 12 trials found a statisti-

cally significant improvement in overall survival rates. These
trials contain recognized deficiencies in design and conduct.
The most commonly cited deficiencies relate to the relatively
small sample size and to the fact that small differences in
survival require relatively large numbers of patients to detect
with sufficient statistical power. The statistical tool of meta-
analysis is designed to address these deficiencies by examin-
ing a group of similarly designed clinical trials. Recently, the
Sarcoma Meta-Analysis Collaboration (SMAC) group reported
on a comprehensive meta-analysis of the published random-
ized trials evaluating local therapy plus adjuvant doxorubicin-
based chemotherapy versus local therapy alone.47 This meta-
analysis demonstrated statistically significantly improved
local and distant recurrence-free survival and disease-free sur-
vival rates in patients who received doxorubicin-containing
postoperative chemotherapy (Table 55.3). However, there was
no statistically significant improvement in overall survival
rates in this meta-analysis of individual patient data. As a 
significant improvement in survival with postoperative
chemotherapy has not been detected with these advanced sta-
tistical techniques, it appears reasonable to conclude that if
such a benefit exists, it must be quite small.

Given these findings, most investigators agree that post-
operative chemotherapy should not be given to patients with
low-grade sarcomas because of their inherently low rates of
systemic disease spread.

Preoperative Chemotherapy

Preoperative chemotherapy has specific theoretical advantages
over postoperative treatment. First, preoperative chemotherapy
provides an in vivo test of chemosensitivity. Patients whose tu-
mors show objective evidence of response are presumed to be
the subset who will benefit most from further postoperative
systemic treatment. In contrast, it is assumed that the popula-
tion of nonresponding patients defined by this in vivo assess-
ment will derive minimal or no benefit from further chemo-
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TABLE 55.2. Multivariate Analysis of Prognostic Factors in Patients with Extremity Soft 
Tissue Sarcoma.

Endpoint Adverse prognostic factor Relative risk

Local recurrence Fibrosarcoma 2.5
Local recurrence at presentation 2.0
Microscopically positive surgical margin 1.8
Malignant peripheral nerve sheath tumor 1.8
Age �50 years 1.6

Distant recurrence High grade 4.3
Deep location 2.5
Size 5.0–9.9 cm 1.9
Leiomyosarcoma 1.7
Nonliposarcoma histology 1.6
Local recurrence at presentation 1.5
Size �10.0 cm 1.5

Disease-specific survival High grade 4.0
Deep location 2.8
Size �10.0 cm 2.1
Malignant peripheral nerve sheath tumor 1.9
Leiomyosarcoma 1.9
Microscopically positive surgical margin 1.7
Lower-extremity site 1.6
Local recurrence at presentation 1.5

Adverse prognostic factors identified are independent by Cox regression analysis.
Source: Pisters et al.,6 by permission of Journal of Clinical Oncology.



postoperative therapy and can therefore be spared its toxicity.
A second theoretical advantage of preoperative chemotherapy
is that it treats occult micrometastatic disease as soon after the
cancer diagnosis as possible. This may prevent the development
of chemoresistance by isolated clones of metastatic cells or pre-
vent the postoperative growth of micrometastases. Finally,
chemotherapy-induced cytoreduction may permit a less radical
and consequently less morbid surgical resection than would
have been required initially. In patients with large soft tissue
sarcomas of the extremities, cytoreduction may reduce the mor-
bidity of limb-salvage surgical procedures and possibly even al-
low patients who might otherwise have required an amputa-
tion to undergo limb-salvage surgery. Nonetheless, despite
these theoretical advantages, the exact benefit of preoperative
chemotherapy remains unclear.

Combined Preoperative Chemotherapy 
and Radiotherapy

The benefit of this approach remains largely investigational.

Hyperthermic Isolated Limb Perfusion

Hyperthermic isloated limb perfusion (HILP) is an investi-
gational technique that has been evaluated for the treatment
of extremity soft tissue sarcomas in the setting of (1) locally
advanced extremity lesions amenable only to amputation used
in an attempt to preserve the limb, and (2) locally advanced ex-
tremity lesions with synchronous pulmonary metastases, for
which HILP is employed in an effort to preserve a functional
extremity for the short survival anticipated in the setting of
stage IV disease. A multicenter phase II trial has evaluated a
series of 55 patients with radiologically unresectable extrem-
ity soft tissue sarcomas treated with HILP using high-dose tu-
mor necrosis factor-�, interferon-�, and melphalan.48 A major
tumor response was seen in 87% of patients: complete re-
sponses in 20 (36%) and partial responses in 28 (51%). Limb
salvage was achieved in 84% of patients. Regional toxicity was
limited, and systemic toxicity was minimal to moderate. There
were no treatment-related deaths. This approach is presently
being further evaluated in ongoing trials in Europe.

Treatment of Sarcoma Patients 
at Specialty Centers

Recent data on other tumor types have demonstrated im-
proved outcomes for patients requiring complex treatment

who are treated at specialty centers.49,50 Similar data confirm
the same phenomenon in soft tissue sarcoma.51,52

Treatment of Locally Recurrent 
Soft Tissue Sarcoma

Incidence of Local Recurrence

Despite optimal multimodality therapy, at least 20% to 30%
of soft tissue sarcoma patients will develop locally recurrent
disease, with a median disease-free interval of 18 months.6,53

Surgery and Radiotherapy

Locally recurrent disease generally presents as a nodular mass
or series of nodules arising in the surgical scar or radiation
port. Treatment approaches for patients with locally recur-
rent soft tissue sarcoma need to be individualized based on
local anatomical constraints and the limitations on present
treatment options imposed by prior therapies. In general, all
patients with locally recurrent sarcoma should be evaluated
for reresection of their local recurrence. The results of such
“salvage surgery” are good, with two-thirds of patients expe-
riencing long-term survival.54,55

If no prior radiotherapy was employed, adjuvant radiation
should be utilized after surgery for locally recurrent disease.
If subtherapeutic or low-dose radiation was previously em-
ployed, patients may be candidates for additional adjuvant ra-
diation by external-beam or brachytherapy approaches. Pa-
tients who have had a full course of prior radiation should be
managed on an individual basis.

Relationship Between Local Control and Survival

Whether local control impacts overall survival for patients
with soft tissue sarcoma remains unclear and highly contro-
versial.56–60 None of the currently available prospective ran-
domized data support the hypothesis that better local control
enhances survival in patients with sarcoma.

Treatment of Metastatic Soft Tissue Sarcoma

The most common site of metastasis from soft tissue sarcoma
of the extremity is the lungs. Indeed, the lungs are the only
site of recurrence in approximately 80% of all patients with
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TABLE 55.3. 

Sarcoma Meta-Analysis Collaboration Group’s Meta-Analysis of Randomized 
Doxorobucin-Based Postoperative Chemotherapy in Soft Tissue Sarcoma.

Endpoint Hazard ratio Absolute benefit p value

Local recurrence-free interval 0.74 6% (75% � 81%) 0.024
Distant recurrence-free interval 0.69 10% (60% � 70%) 0.0003
Overall recurrence-free interval 0.69 13% (45% � 58%) 0.000008
Overall recurrence-free survival 0.74 11% (40% � 51%) 0.00008
Overall survival 0.87 5% (50% � 55%) 0.087

Source: Tierney et al.,47 by permission of Lancet.



metastases from primary extremity and trunk soft tissue sar-
comas.53,61 Primary visceral and gastrointestinal sarcomas
also commonly metastasize to the liver. Extrapulmonary
metastases are uncommon forms of first metastasis and usu-
ally occur as a late manifestation of widely disseminated dis-
ease.53 The median survival after development of distant
metastases is 11.6 months.62

Surgical Resection

Multiple investigators have reported their experience with
pulmonary metastasectomy for metastatic soft tissue sarcoma
in adults.63–72 Three-year survival rates following thoraco-
tomy for pulmonary metastasectomy range from 23% to 54%.
Adverse prognostic factors for patients with pulmonary metas-
tases, as determined by univariate and multivariate analyses,
include short disease-free interval and tumor doubling time,
the number (�3) of pulmonary nodules on preoperative chest
CT, and, most significantly, incomplete pulmonary resection
or inability to resect all disease. In selecting patients to un-
dergo pulmonary metastatectomy, the following criteria are
generally agreed: (1) the primary tumor is controlled or is con-
trollable, (2) there is not extrathoracic disease, (3) the patient
is a medical candidate for thoracotomy and pulmonary resec-
tion, and (4) complete resection of all disease appears possi-
ble.73 With careful patient selection, the morbidity of thora-
cotomy can be limited to the subset of patients who are most
likely to benefit from this aggressive treatment approach.

Chemotherapy

Soft tissue sarcoma patients with unresectable pulmonary
metastases or extrapulmonary metastatic disease have a gen-
erally poor prognosis and usually are best treated with sys-
temic chemotherapy or supportive care. A number of agents
including cyclophosphamide, dactinomycin, and vincristine
have been studied and have produced response rates between
5% and 10%.74,75 Doxorubicin was the first and remains the
most active single chemotherapeutic agent in soft tissue sar-
coma.76–80 A variety of schedules and doses have been em-
ployed,77,78,81 with objective overall response rates of approx-
imately 25% in the advanced disease setting.82 Unfortunately,
however, there is little difference in survival rates between re-
sponders and nonresponders to chemotherapy.

Treatment of Retroperitoneal Sarcomas

Presentation and Pretreatment Evaluation

Retroperitoneal sarcomas are relatively uncommon, account-
ing for approximately 15% of all sarcomas (see Fig. 55.1). The
most common histological subtypes are liposarcoma and
leiomyosarcoma (Fig. 55.1). Nearly 80% of patients present
with an abdominal mass, and 50% of patients report pain at
the time of presentation.83 Patients commonly describe non-
specific gastrointestinal symptoms. Other commonly noted
symptoms include neurological symptoms (primarily sensory)
in 27% and weight loss in 7%.83,84 These tumors often grow
to substantial size before the patient’s nonspecific complaints
are evaluated or an abdominal mass is noted on physical 
examination.

The differential diagnosis for a retroperitoneal mass is rel-
atively limited when soft tissue neoplasms are considered as
a group. Physical examination should include a testicular ex-
amination in men to evaluate the possibility of a primary tes-
ticular neoplasm. Laboratory tests should include the com-
mon serum markers for germ cell tumors, beta-human
chorionic gonadotropin, and alpha-fetoprotein. If physical ex-
amination is suggestive of malignancy or biochemical mark-
ers are elevated, testicular ultrasonography should be per-
formed. This modality may obviate laparotomy for patients
with metastatic testicular tumors and allow for identification
of primary retroperitoneal germ cell tumors.

CT and MRI are the primary methods used to image
retroperitoneal tumors.85–87 These modalities allow for as-
sessment of the consistency of the mass (cystic or solid com-
ponents, associated necrosis), precise anatomical location of
the mass, and the extent of any regional disease and for con-
firmation of function of the kidneys. CT of the abdomen and
pelvis usually provides images satisfactory for treatment plan-
ning. Occasionally, MRI with flow-sensitive gradient se-
quence imaging may be helpful in defining vascular anatomy
for surgical planning. For patients with an abnormal chest ra-
diograph, chest CT should be performed to exclude the pos-
sibility of metastatic disease.

In general, preoperative biopsy is not necessary when sur-
gical resection is planned for a resectable primary retroperi-
toneal mass. However, there are specific circumstances in
which biopsy of primary retroperitoneal masses should be per-
formed. These include (1) clinical suspicion of lymphoma or
germ cell tumor, (2) tissue diagnosis for preoperative treat-
ment, (3) tissue diagnosis of radiologic unresectable disease,
and (4) suspected retroperitoneal or intraabdominal metasta-
sis from another primary tumor. In the main, however, for
patients for whom exploratory laparotomy is planned, surgi-
cal resection or intraoperative incisional biopsy (for unre-
sectable lesions) is the best means of establishing a tissue di-
agnosis of a potentially resectable retroperitoneal mass.

Surgical Resection

Surgical resection with negative margins remains the standard
primary treatment for patients with localized retroperitoneal
sarcoma. Because en bloc multiorgan resection may be required
to achieve negative margins, all patients should have preoper-
ative bowel preparation and assessment of bilateral renal func-
tion by CT. Resectability rates in recent series combining pa-
tients with primary and recurrent retroperitoneal sarcomas
range from 25% to 95%. The ability to achieve complete sur-
gical resection (resection of all gross tumor) is a function of
presentation—primary lesions are more likely to be com-
pletely resected than are locally recurrent retroperitoneal sar-
comas, and the ability to achieve complete resection declines
as the number of local recurrences increases (Fig. 55.3). The
most common reasons for unresectability are the presence of
major vascular involvement (aorta or vena cava), peritoneal
implants, or distant metastases.83 Resection of adjacent retro-
peritoneal or intraabdominal organs, frequently the kidney,
colon, or pancreas, is required in the majority (50%–80%) of
cases to permit complete resection.83,88,89 Partial resections
or debulking procedures have been performed, but there is no
evidence that partial resection improves survival.83,89

The survival of patients with retroperitoneal sarcoma is
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largely related to clinical presentation: the median disease-
specific survivals of patients with primary disease, locally re-
current disease, and metastatic disease are 72 months, 28
months, and 10 months, respectively. The median survival of
patients with incompletely resected retroperitoneal sarcomas
is 18 months and is comparable to that of patients who do
not undergo resection.90

Local recurrence is a significant problem, with recurrence
rates of 40–50% or higher. Thus, improving local control for
patients with retroperitoneal sarcoma remains one of the
most clinically significant challenges.

Postoperative follow-up strategies are based on the con-
tinuing risk for local failure and the difficulties inherent in
detecting recurrent disease by clinical criteria alone. Serial
CT or MRI should be utilized for follow-up as detection of
recurrent retroperitoneal sarcoma by physical examination of
identification of symptoms is unreliable. There are no pub-
lished data to make specific follow-up recommendations, but
because many patients develop late (�5 years) recurrence, it
is clear that follow-up should continue at least 10 years after
initial treatment.91,92 Any sign of recurrent disease should be
investigated promptly because complete resection of recur-
rent disease is often possible and is associated with 5-year
survival rates of 50% or greater.83,93

In univariate and multivariate analyses, adverse prognos-
tic factors for retroperitoneal sarcomas include incomplete
surgical resection, high histologic grade, tumor size (�10 cm),
and fixation to adjacent retroperitoneal structures other than
neurovascular bundles or bone.

Postoperative Radiation Therapy 
and Chemotherapy

Postoperative EBRT has been shown to reduce local recur-
rence rates for extremity and superficial trunk sarcomas.
However, gastrointestinal or neural toxicities often limit the
delivery of sufficient radiation doses to the retroperitoneum.
Currently, there is no consensus on the role of postoperative
EBRT following complete resection of retroperitoneal sarco-
mas. Preoperative EBRT and intraoperative radiation therapy

(IORT) both show promise, but at this time remain largely
investigational.

Retrospective studies have not demonstrated any benefit
to preoperative94 or postoperative83,95,96 doxorubicin-based
chemotherapy for retroperitoneal sarcomas, and so the rou-
tine use of chemotherapy in these patients cannot be sup-
ported.
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56

Head and Neck 
Malignancies

Carol R. Bradford

Head and neck cancer accounts for 4% of all new can-
cer cases and 2% of all cancer deaths in the United
States annually. Survival rates have not significantly

improved over the past three decades despite improvements
in diagnosis and local management. Development of second
primary tumors remains a major threat to long-term survival
in patients initially cured of head and neck squamous cell
carcinoma (HNSCC).1 In addition to the problem of long-term
survival in the face of second primary risk, HNSCC patients
also face tremendous quality-of-life effects following de-
finitive treatment. New strategies for the management of 
HNSCC are desperately needed.

Etiology and Epidemiology

Tobacco and Alcohol Exposure

Approximately 90% of head and neck cancers occur after ex-
posure to known carcinogens, specifically tobacco and alco-
hol. Tobacco is a carcinogen that initiates a linear dose–
response carcinogenic effect in which duration is more im-
portant than intensity of exposure.2 In heavy smokers, roughly
15 years must pass before the risk approximates the level of
nonsmokers. Smokeless tobacco and betel nut significantly
elevate the risk of oral cavity cancers.

Alcohol is an equally important promoter of carcinogen-
esis and is a contributing factor in at least 75% of HNSCC.3

The major clinical significance is that it potentiates the car-
cinogenic effect of tobacco at every level of tobacco use.

Viruses

Viral agents have been implicated in the pathogenesis of oral,
laryngeal, and nasopharyngeal carcinomas. Increasing data
has emerged supporting a role for human papilloma virus
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(HPV) in the development of head and neck neoplasms. There
is also a strong epidemiological link between Epstein–Barr
virus and nasopharyngeal carcinoma (NPC).

Diet

Considerable evidence suggests that vitamin A and �-carotene
play a protective role in epithelial neoplasia.4–6

Radiation

Apparently, there is no strong association between exposure
to ionizing radiation and development of squamous carci-
noma of the head and neck.

Occupation

Exposure to nickel refining, woodworking, and leather work-
ing are risk factors for adenocarcinomas of the sinonasal re-
gion.7–8

Anatomy

The term “cancer of the head and neck” is most commonly
applied to those cancers arising from the mucosal surfaces of
the upper aerodigestive tract. Other relevant sites include the
nose and paranasal sinuses as well as the salivary glands (ma-
jor and minor).

Oral Cavity

The oral cavity includes the lips, buccal mucosa, anterior or
oral tongue (two-thirds), floor of mouth, hard palate, as well
as the upper and lower alveolar ridges and retromolar trigone
(Fig. 56.1).



Pharynx

The pharynx is a musculomembranous tube extending from
the skull base to the cervical esophagus. The muscular sup-
port is from the superior, middle, and inferior constrictor mus-
cles as well as other muscles arising from the styloid process
and skull base. The pharynx can be subdivided into three dis-
tinct sites: the nasopharynx, oropharynx, and hypopharynx
(Fig. 56.2).

Larynx

The larynx is composed of a mucosally covered cartilaginous
framework (the thyroid and cricoid cartilages). The larynx is
divided into three anatomically distinct regions: the supra-
glottis, the glottis, and the subglottis (Fig. 56.3).

Neck

Anatomical considerations in the treatment of cancers of the
head and neck must include a thorough understanding of the
neural, vascular, and lymphatic structures of the neck. There
are 10 major groups of lymph nodes in the head and neck:
these include the occipital, mastoid, parotid, submandibular,
facial, submental, sublingual, retropharyngeal, anterior cervi-
cal, and lateral cervical lymph node groups. Primary and sec-
ondary echelon lymph node drainage has been determined for
each major site in the head and neck (Fig. 56.4).

Pathology

More than 90% of head and neck cancers are squamous cell
carcinomas. Features reflecting aggressive behavior include
presence of lymphatic invasion, perineural invasion, lymph
node metastasis, and extracapsular spread (penetration of tu-
mor through the capsule of the involved lymph node).9 The
presence of extracapsular spread in cervical lymph node
metastasis has been associated with decreased disease-free
and overall survival.10

Diagnosis

Early identification and treatment of squamous cell carcinomas
of the upper aerodigestive tract is the most important compo-
nent in reducing mortality from this devastating disease. Physi-
cians and dentists must harbor a high index of suspicion and a
low threshold for biopsy of any mucosal abnormality such as
leukoplakia (a white patch) or erythroplasia (a red patch).11
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FIGURE 56.1.  Oral cavity includes lips, floor of mouth, anterior two-
thirds of tongue, buccal mucosa, hard palate, upper and lower alve-
olar ridge, and retromolar trigone.

FIGURE 56.2.  Sagittal view of the face and neck depicting the sub-
divisions of the pharynx as described in the text.

FIGURE 56.3.  Sagittal view of the larynx depicting the subdivisions
of the larynx. The preepiglottic space is that area anterior to the
epiglottis bordered by the hyoid bone superiorly and the thyrohyoid
membrane and superior rim of the thyroid cartilage anteriorly.



Dysphagia, odynophagia, referred otalgia, hoarseness, mu-
cosal abnormalities, weight loss, and neck mass are the most
common presenting complaints of HNSCC.12 Unilateral
serous otitis media is a sign of nasopharyngeal carcinoma.
Nasal cavity or paranasal sinus neoplasms commonly present
with unilateral nasal polyps, nasal obstruction, or epistaxis.
A firm unilateral neck mass is cancer until proven otherwise.
In an adult, 80% of firm neck masses represent cancer and
most are cervical metastasis from HNSCC.

Most commonly, occult or unknown primaries responsi-
ble for cervical metastasis arise in the nasopharynx, tongue
base, tonsil, or hypopharynx. Random biopsies from these sites
are recommended in the setting of unknown primary with cer-
vical metastasis. Fine-needle aspiration cytology of suspicious
neck masses has greatly reduced the necessity of open cervi-
cal node biopsy for diagnosis of squamous cell carcinoma.

Staging

Staging criteria for cancers arising in the upper aerodigestive
tract, paranasal sinuses, and salivary glands have been devel-
oped by the American Joint Council on Cancer (AJCC). The
stage groupings for head and neck cancer are based upon T
(primary tumor) stage, N (regional nodal status) stage, and M

(distant metastasis). The regional lymph node staging for na-
sopharyngeal carcinoma varies slightly (Tables 56.1–56.3).

Treatment

General Principles

Surgery, with or without radiation therapy, is the mainstay of
treatment for most head and neck cancers. Stage I and II tu-
mors (T1N0M0 or T2N0M0) are typically treated with a sin-
gle modality, either radiation therapy or surgery.13 Stage III and
IV tumors require a combined modality approach, typically
surgery plus radiation therapy. Chemotherapy plus radiation
therapy can be offered to patients with advanced cancers of the
larynx or hypopharynx as an alternative to surgery plus radia-
tion based upon the results of large, randomized, multiinstitu-
tional trials. Surgical salvage of nonresponders or persistent/re-
current tumors is essential to not decrease overall survival rates
in patients treated with organ preservation strategies.

The workup of a newly diagnosed head and neck cancer pa-
tient should include a complete history and physical exami-
nation, including a comprehensive head and neck examination.
Biopsy should be performed of the primary and/or neck mass
either in the office setting or in the operative room at the time
of formal endoscopy. Triple or panendoscopy has traditionally
been defined as direct laryngoscopy, full-length esophagoscopy,
and bronchoscopy, although many head and neck surgeons per-
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FIGURE 56.4.  Depicted is a guide to usual lymphatic drainage pat-
terns for head and neck malignancies as it pertains to usual patterns
of early metastases. The primary lesions are listed under each level.
(1) Superior jugular nodes: (a) nasopharynx, (b) base of tongue, (c) pala-
tine tonsil, (d) parotid gland, and (e) larynx. (2) Subdigastric lymph
nodes: (a) palatine tonsil, (b) tongue and other intraoral structures, (c)
larynx, (d) oro- and hypopharynx, and (e) paranasal sinuses. (3) Mid-
dle jugular nodes: (a) larynx, (b) cervical esophagus, (c) hypopharynx,
and (d) thyroid. (4) Inferior jugular nodes: (a) thyroid, (b) larynx, and
(c) cervical esophagus. (5) Posterior cervical triangle (spinal accessory):
(a) nasopharynx, (b) thyroid, and (c) posterior wall of hypopharynx
(occasionally). (6) Supraclavicular: (a) lung, (b) breast, (c) virtually any
head and neck primary, and (d) other locations below cavicles. (7)
Submandibular: (a) intraoral primary (floor of mouth, buccal mucosa)
and (b) submandibular salivary gland. (8) Submental: (a) lip, (b) ante-
rior floor of mouth and alveolar ridge, (c) buccal mucosa and (d) breast.
(9) Cricothyroid (delphian): (a) larynx and (b) thyroid. (10) Preauricu-
lar: (a) parotid salivary gland, (b) external auditory canal, (c) skin of
lateral face, temple region, and scalp, and (d) genitourinary tract.

TABLE 56.1. AJCC Definition for Regional Lymph Node (N) 
Staging for Head and Neck Cancer.

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
*N1 Metastasis in a single ipsilateral lymph node, 3 cm or

less in greatest dimension
*N2 Metastasis in a single ipsilateral lymph node, more than

3 cm but not more than 6 cm in greatest dimension; or
in multiple ipsilateral lymph nodes, none more than 
6 cm in greatest dimension; or in bilateral or contralateral
lymph nodes, none more than 6 cm in greatest dimension

*N2a Metastasis in a single ipsilateral lymph node more than
3 cm but no more than 6 cm in greatest dimension

*N2b Metastasis in multiple ipsilateral lymph nodes, none
more than 6 cm in greatest dimension

*N2c Metastasis in bilateral or contralateral lymph nodes,
none more than 6 cm in greatest dimension

*N3 Metastasis in a lymph node more than 6 cm in greatest
dimension

*Note: A designation of “U” or “L” may be used to indicate metastasis above
the lower border of the cricoid (U) or below the lower border of the cricoid (L).

Source: Used with permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC Can-
cer Staging Manual, Sixth Ed. (2002) published by Springer-Verlag New York,
www.springer-ny.com.

TABLE 56.2. AJCC Definition for Distant Metastasis (M) Staging
for Head and Neck Cancer.

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Source: Used with permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC Can-
cer Staging Manual, Sixth Ed. (2002) published by Springer-Verlag New York,
www.springer-ny.com.



form only direct laryngoscopy and cervical esophagoscopy 
as part of the staging workup. A preoperative chest X-ray is 
indicated as is a barium esophagram, particularly if rigid
esophagoscopy is planned. Further radiologic studies such as
panorex and neck CT are ordered as indicated for primary tu-
mor evaluation and/or extent of cervical adenopathy.13

Surgical Principles

Wide surgical resection for primary squamous cell carcinoma
of the head and neck generally can be interpreted as resec-
tion of tumor with 1- to 2-cm margins, often with frozen sec-
tion control of surgical margins. In conservation laryngeal
surgery, much narrower surgical margins are acceptable.

Surgical management of the neck is an evolving science.
In general terms, when the risk of occult nodal metastasis ex-
ceeds 25% to 30%, selective nodal dissection is recom-
mended, particularly when postoperative radiation therapy is
not planned. Selective neck dissection refers to any type of
cervical lymphadenectomy where there is preservation of one
or more lymph node groups removed by radical neck dissec-
tion.14 In addition, if the surgeon must enter the neck to re-
sect the primary tumor, a selective neck dissection is rec-
ommended.

Surgical management of the N1 neck is controversial.
Some surgeons perform selective neck dissection and others
perform modified neck dissection. Modified radical neck dis-
section refers to the excision of all lymph node stations rou-
tinely removed by radical neck dissection with preservation
of one or more nonlymphatic structures; that is, spinal ac-
cessory nerve, internal jugular vein, and sternocleidomastoid
muscle.14 Modified or radical neck dissection is indicated for
N2 or N3 nodal disease.

Radiation Therapy Principles

Radiation therapy is an effective modality in treating lo-
cal/regional disease. For early lesions (stage I/II), radiation
therapy offers comparable cure rates to surgical excision. Lo-
cal tumor control rates are generally better with primary sur-
gical resection, but local recurrences after primary radiation
can be managed successfully with salvage surgery. Surgical
complication rates are increased following radiation therapy.
The choice between radiation therapy and surgery as defini-
tive primary treatment depends upon a consideration of treat-
ment morbidity and functional outcome.

For stage III/IV disease (extensive primary tumors or regional
metastases), planned combined modality treatment offers im-
proved local/regional control rates. While radiotherapy can be

given either preoperatively or postoperatively, postoperative ra-
diation therapy had improved local/regional control rates (65%
versus 48%, p � 0.04) in a randomized clinical trial of 277 pa-
tients with cancers of the oral cavity, oropharynx, larynx, or
hypopharynx.15 Optimally, postoperative radiation therapy
should be initiated within 6 weeks of extirpative surgery.16

Chemotherapy Principles

Data from many different trials do not demonstrate a survival
advantage for use of chemotherapy for HNSCC in any setting
compared to standard surgery and/or radiation therapy.
Chemotherapy does play a role in the palliation of recurrent
or unresectable disease and has proven effective when com-
bined with radiation for organ preservation in trials of larynx
and hypopharynx cancer.17–19 The most active agents in head
and neck squamous cell carcinoma are cisplatin or carboplatin
and 5-fluorouracil. Several studies have suggested that chemo-
therapy may have some activity in reduction of distant
metastatic rate.17,20,21

Natural History and Treatment by Site

Oral Cavity

Tumor growth and treatment affect speech and swallowing,
particularly for patients with oral cavity cancers. The current
T staging of oral cavity carcinoma is shown in Table 56.4.22

The principles of treatment of oral cavity cancers are stage
dependent. For early lesions (T1N0, T2N0), excision of the pri-
mary tumor with or without a unilateral or bilateral selective
(supraomohyoid) neck dissection is usually the treatment of
choice.13 Pathological assessment of the primary and neck con-
tents at risk can be carried out. Postoperative radiation therapy
is indicated for close surgical margins, perineural/lymphatic/
vascular invasion, multiple positive lymph nodes, and/or ex-
tracapsular extension. For resectable advanced oral cavity tu-
mors, combined surgery and postoperative radiation therapy
is the standard treatment approach.13
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TABLE 56.3. Clinical Tumor Stage Grouping for Head 
and Neck Cancer.

Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T3 N0 M0

Any T N1 M0
Stage IV T4 N0 M0

T4 N1 M0
Any T N2 M0
Any T N3 M0
Any T Any N M1

Source: Data from the 1997 AJCC Cancer Staging Manual.22

TABLE 56.4. Primary Tumor Staging of Oral Cavity and 
Oropharynx Cancer.

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor 2 cm or less in greatest dimension
T2 Tumor more than 2 cm but not more than 4 cm in

greatest dimension
T3 Tumor more than 4 cm in greatest dimension
T4 (lip) Tumor invades through cortical bone, inferior alveolar

nerve, floor of the mouth, or skin of face, i.e., chin or
nose

T4a (oral cavity) Tumor invades adjacent structures (e.g.,
through cortical bone, into deep [extrinsic] muscle of
tongue [genioglossus, hyoglossus, palatoglossus, and
styloglossus], maxillary sinus, skin of face)

T4b Tumor invades masticator space, pterygoid plates, or
skull base and/or encases internal carotid artery

Source: Used with permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC Can-
cer Staging Manual, Sixth Ed. (2002) published by Springer-Verlag New York,
www.springer-ny.com.



LIP

Squamous cell carcinoma of the lip is the most common oral
cavity cancer. Most occur on the lower lip (90%). Early le-
sions without neck metastasis can be treated most efficiently
with wide excision and closure. Neck dissection is indicated
for nodal metastasis. Radiation therapy can be utilized as first-
echelon treatment in patients with increased surgical risk or
as adjuvant treatment in high-risk tumors. The indications
for adjuvant radiation in lip cancers are close or positive mar-
gins, perineural/vascular/lymphatic invasion, and recurrent
and/or large primary tumors (more than 3 cm).

TONGUE

Occult nodal metastasis is present in 30% to 40% of early oral
tongue cancers.23 Therefore, selective neck dissection for all
early tongue cancers except the most superficial lesions is ad-
visable. Adequate surgical margins are required for tongue car-
cinomas, and most early lesions require hemiglossectomy.
When tumors extend across the midline or involve the base
of tongue, subtotal or total glossectomy may be required.

FLOOR OF MOUTH

Surgery is the treatment of choice for most patients with floor
of mouth cancer. Because of the occult metastatic rate of 40%
(T2) to 70% (T3), patients with lesions greater than 2 cm in
diameter should have either selective (supraomohyoid) neck
dissection or irradiation of the cervical nodes.24 This strategy
appears to offer a survival advantage for T2–T4 tumors.25

BUCCAL MUCOSA

Buccal carcinoma is an uncommon form of oral cavity carci-
noma. Early-stage squamous cell carcinoma of the buccal mu-
cosa without bony involvement is best treated with primary
radiation therapy. Surgery plus postoperative radiation ther-
apy is the preferred mode of treatment of stage III/IV buccal
cancer.

RETROMOLAR TRIGONE/ALVEOLAR RIDGE

Most early tumors of the retromolar trigone or alveolar ridge
can be treated effectively with transoral resection including
rim mandibulectomy. Advanced lesions require segmental
mandibulectomy plus neck dissection (composite resection)
and postoperative radiation therapy.

Oropharynx

Oropharyngeal cancers include those of the tonsil, base of
tongue, and soft palate and posterior pharyngeal wall. The
most common presenting symptom of oropharyngeal cancers
is chronic sore throat and referred otalgia. Change in voice,
dysphagia, and trismus are later signs. Survival rates for ad-
vanced primary lesions are less than 50%. The presence of
lymph node metastasis drops survival rates to the 25% range.
Generally, T1 or T2 primary tumors of the oropharynx can
be treated equally well with surgery or radiation therapy. 
Because lymphatic drainage of the oropharynx can be bilat-
eral in all sites except lateralized tonsillar primaries, radia-
tion is often an attractive first-treatment approach. Advanced
oropharyngeal tumors can be treated with combined modal-
ity treatment.

Hypopharynx

Squamous cell carcinoma of the hypopharynx is an aggres-
sive disease with a poor prognosis irrespective of the thera-
peutic regimen instituted.26 Stage III and IV squamous cell
carcinoma of the hypopharynx has 5-year survival rates of 25%
and 5%, respectively.27 The staging of hypopharynx cancer is
based primarily upon the subsite of pharynx involved, the pres-
ence of vocal cord fixation, and the extent of lymph node
metastasis (Table 56.5). Because of the necessity of removing
the larynx as part of the surgical management of most hypo-
pharyngeal cancers, chemotherapy plus radiation therapy ap-
proaches have been investigated.

Larynx

Laryngeal tumors may be supraglottic, glottic, or subglottic.
The cardinal symptom of laryngeal cancer is hoarseness.
Other symptoms include airway obstruction, hemoptysis,
odynophagia, otalgia (referred), dysphagia, neck mass, and
weight loss. Because of the prominent role the larynx plays
in speech, swallowing, and airway, treatment decisions about
cancer of the larynx involve significant quality-of-life issues.
In general, stage I and II disease can be managed with radia-
tion therapy or conservation surgery. Stage III and IV disease
often requires laryngectomy with or without neck dissection
plus postoperative radiation therapy or induction chemother-
apy plus radiation therapy.

Nasopharynx

NPC accounts for 2% of all HNSCCs in the United States.
One-third of patients initially present with a neck mass, and
70% to 75% have enlarged neck nodes at time of presentation.
Presenting symptoms may also include epistaxis, nasal ob-
struction, headache, or unilateral hearing loss. Unilateral serous
otitis media is an indication for evaluation of the nasopharynx.
A CT and/or MRI are critical for evaluation of base of skull in-
volvement and/or presence of occult lymph nodes. The staging
of nasopharyngeal carcinoma is shown in Table 56.6.

The treatment of Stage I/II nasopharyngeal cancer is de-
finitive radiotherapy to the nasopharynx. Surgical resection
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TABLE 56.5. Primary Tumor Staging of Hypopharynx Cancer.

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor limited to one subsite of hypopharynx and 2 cm or

less in greatest dimension
T2 Tumor invades more than one subsite of hypopharynx or

adjacent site, or measures more than 2 cm but not more
than 4 cm in greatest diameter

T3 Tumor more than 4 cm or with fixation of hemilarynx
T4a Tumor invades thyroid/cricoid cartilage, hyoid bone, thy-

roid gland, esophagus, or central compartment soft tissue*
T4b Tumor invades prevertebral fascia, encases carotid artery,

or involves mediastinal structures

*Note: Central compartment soft tissue includes prelaryngeal strap muscles and
subcutaneous fat.

Source: Used with permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC Can-
cer Staging Manual, Sixth Ed. (2002) published by Springer-Verlag New York,
www.springer-ny.com.



even of early-stage disease is difficult because of proximity 
to the base of skull. Stage III/IV NPC (M0) is treated with
concomitant chemotherapy plus radiation. Patients with
metastatic disease can be treated with platinum-based com-
bination chemotherapy regimens. If a complete response oc-
curs, definitive radiation therapy may be added.

Paranasal Sinus and Nasal Cavity

Cancers arising in the paranasal sinuses and nasal cavity are
relatively rare, accounting for only 0.2% of all human can-
cers. Approximately two-thirds arise in the maxillary sinus,
and one-third arise in the ethmoid sinus. Malignant tumors
arising in the frontal or sphenoid sinuses are exceedingly rare.
Sinus cancers are associated with woodworking, nickel re-
fining, and inhalation of noxious fumes (nitrosamines, diox-
anes), as well as tobacco exposure. Eighty percent are squa-
mous cell carcinomas but other cell types exist: these include
adenocarcinoma, esthesioneuroblastoma, sinonasal undiffer-
entiated carcinoma (SNUC), malignant melanoma, lym-
phoma, and inverting papilloma.

Malignant tumors of the paranasal sinuses often present
at a late stage. Most have bony involvement at the time of
presentation. Symptoms are often vague and mimic more be-
nign conditions such as sinusitis. Cross-sectional imaging
with MRI or CT is mandatory for accurate pretreatment stag-
ing of malignant tumors of the sinuses.

Surgical therapy with curative intent is considered in pa-
tients without evidence of distant disease who have no med-
ical contraindications, if consistent with a reasonable func-
tional outcome.13 A recent series suggested that survival rates
are better in patients treated with surgery plus postoperative
radiation therapy.28 For patients in whom adequate surgical
resection is not consistent with a reasonable functional out-
come (i.e., bilateral orbital involvement, extensive intracra-
nial extension), definitive radiation therapy may be employed.
In patients with advanced squamous cell carcinoma, esthe-
sioneuroblastoma, and SNUC, an appropriate chemotherapy
regimen may be utilized in combination with radiation ther-
apy, surgery, or both.

Salivary Gland Malignancies

Tumors can arise in major or minor salivary glands. The ma-
jor salivary glands include the parotid gland, submandibular
and sublingual glands. Minor salivary glands are distributed
throughout the hard palate, base of tongue, and buccal mu-
cosa. Staging of primary salivary gland tumors is based upon
size and extraparenchymal extension.

Surgery is the mainstay of treatment in patients with re-
sectable salivary gland cancer. All malignant tumors of the
parotid gland warrant total parotidectomy. The facial nerve
should be sacrificed only for direct tumor invasion. Patients
with high-grade tumors should also undergo selective neck
dissection (N0) or modified or radical neck dissection (N�).
Postoperative radiotherapy is indicated for all high-grade tu-
mors (any histology except low-grade mucoepidermoid and
acinic cell less than 3 cm), close surgical margins, recurrent
disease, skin, bone, nerve, or extraparotid involvement, pos-
itive nodes, and for gross residual or unresectable disease.35

Fast-neutron radiation therapy has a role in patients with
large, inoperable salivary gland cancers.29
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TABLE 56.6. Primary Tumor Staging of Nasopharyngeal Cancer.
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Tis Carcinoma in situ
T1 Tumor confined to the nasopharynx
T2 Tumor extends to soft tissues
T2a Tumor extends to the oropharynx and/or nasal cavity

without parapharyngeal space extension
T2b Any tumor with parapharyngeal space extension*
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T4 Tumor with intracranial extension and/or involvement

of cranial nerves, infratemporal fossa, hypopharynx, or-
bit, or masticator space

Source: Used with permission of the American Joint Committee on Cancer
(AJCC), Chicago, Illinois. The original source for this material is the AJCC Can-
cer Staging Manual, Sixth Ed. (2002) published by Springer-Verlag New York,
www.springer-ny.com.
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Pediatric Surgery
Craig T. Albanese

Preoperative and Postoperative Management

The neonate, infant, child, and adolescent differ significantly
from each other and from the adult. The most distinctive and
rapidly changing physiological characteristics occur during the
neonatal period as the result of the newborn infant’s adapta-
tion to the extrauterine environment, differences in the phys-
iological maturity of individual newborn infants, the small size
of these patients, and the demands of growth and development.1

Classification

Newborn infants can be classified according to their level of
maturation (gestational age) and development (weight).

1. Term infant: The normal full-term infant has a gestational
age of 38 weeks or more and a body weight greater than
2500 g.

2. Low birth weight infant (LBW)
a. Preterm infant: The premature infant has a gestational

age less than 38 weeks with a birth weight appropriate
for that age.

b. Small-for-gestational-age infant (SGA): The SGA infant
is more than 38 weeks’ gestation with a body weight
less than 2500 g.

3. Very low birth weight (VLBW) or extremely premature in-
fants: These infants are generally less than 32 weeks ges-
tation with a body weight less than 1500 g. They are also
termed the “micropremie.”

4. Large-for-gestational age (LGA): Their birth weight is
greater than 4000 g if term, or greater than the 90th per-
centile for gestational age.

5. Postterm infants: These infants have a gestational age of
42 weeks or greater.

PREMATURE INFANT

Premature infants are those born before 38 weeks’ gestation
with a body weight appropriate for that age. The principal
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features of prematurity are a head circumference below the
50th percentile, a thin, semitransparent skin, absence of
plantar creases, soft malleable ears (little cartilage), absence
of breast tissue, undescended testes (testicular descent be-
gins around the 32nd week of gestation) with a flat scrotum;
and, in females, relatively enlarged labia minora with small
labia majora.

Several physiological abnormalities exist in preterm in-
fants. Apneic and bradycardic episodes are common and may
occur spontaneously or as nonspecific signs of problems such
as sepsis or hypothermia. Prolonged apnea with significant
hypoxemia leads to bradycardia and ultimately to cardiac ar-
rest. All premature infants should therefore have electrocar-
diographic pulse monitoring with the alarm set at a mini-
mum pulse rate of 90 beats per minute as well as apnea
monitoring. The lungs and retinae of preterm infants are very
susceptible to high oxygen levels, and even relatively brief
exposures may result in various degrees of lung disease [hya-
line membrane disease (HMD)] and retinopathy of prematu-
rity (ROP). Thus, infants receiving oxygen therapy require
continuous pulse oximetry monitoring, with the alarm lim-
its set between 85% and 92%.

Shunting across a patent ductus arteriosus (PDA) or fora-
men ovale is not uncommon. The direction of the shunt is
determined by body weight as well as the underlying physi-
ological or organic disorder. Generally, most shunts are left
to right with resultant cardiac failure. Right-to-left shunts re-
sult in hypoxemia and are present in newborns with con-
genital diaphragmatic hernia, meconium aspiration, and sep-
sis. Right-to-left shunting is not present in infants less than
1200 g because they lack the vascular musculature necessary
to produce pulmonary hypertension.

The premature infant may be unable to tolerate oral feed-
ing because of a weak suck reflex, and intragastric tube feeds
or total parenteral nutrition (TPN) may be required. Bilirubin
metabolism may be impaired. Compared to term infants,
preterm infants have increased requirements for glucose, cal-
cium, and sodium as well as a propensity for hypothermia,



intraventricular hemorrhage (IVH), and metabolic acidosis (re-
nal tubular).

VERY LOW BIRTH WEIGHT (VLBW) INFANT

Physiologically, these neonates are similar to the “ordinary”
premature infant. However, most (if not all) of the afore-
mentioned problems are either accentuated (electrolyte ab-
normalities, hypothermia, hyperbilirubinemia) or are found
with greater frequency (ROP, IVH, PDA, oxygen requirement
with resultant HMD) in this group of extremely fragile in-
fants. Most require several weeks of TPN because of the ex-
treme prematurity of the gastrointestinal (GI) tract as well as
its tendency for NEC.

SMALL FOR GESTATIONAL AGE (SGA) INFANT

Although body weight is low, the body length and head cir-
cumference of the SGA infant are age appropriate. A SGA in-
fant is the product of a pregnancy complicated by any one of
several placental, maternal, or fetal abnormalities that result
in intrauterine growth retardation. Compared with a prema-
ture infant of equivalent weight, the SGA infant is older and
developmentally more mature, and faces different physiolog-
ical problems. Because of the longer gestational period and re-
sultant well-developed organ systems, the metabolic rate of
the SGA infant is much higher in proportion to their body
weight. Thus, fluid and caloric requirements are increased.
Intrauterine malnutrition results in a relative lack of body fat
and decreased glycogen stores and, coupled with their rela-
tively large surface area and high metabolic rate, greatly pre-
dispose these newborns to hypothermia and hypoglycemia.
Close monitoring of the blood sugar is therefore essential.
Polycythemia is common and the hematocrit should be mon-
itored. SGA infants also have an increased risk of meconium
aspiration syndrome. Because of the adequate length of ges-
tation, ROP, IVH, and HMD are relatively uncommon.

Metabolic Considerations in the Care 
of the Newborn Infant

Thermoregulation

Newborn infants are susceptible to heat loss because of their
large surface area, low body fat relative to body weight, small
mass to act as a heat sink, and high thermoneutral tempera-
ture zone. When an infant is exposed to a cold environment,
metabolic work increases above basal levels and calories are
consumed to maintain body temperature. If prolonged, this
leads to depletion of the limited energy reserves and predis-
poses to hypothermia and increased mortality.

The optimal thermal environment (thermoneutrality) is
defined as the range of ambient temperatures in which a baby,
at a minimal metabolic cost, can maintain a constant and
normal body temperature by vasomotor control. Ther-
moneutrality is determined by weight, and postnatal age and
standard nomograms are used.2 The neonate’s environmental
temperature is best controlled by placing the infant in an in-
cubator. In a cold environment such as in the operating room
or radiology department, heat loss may be reduced by wrap-
ping the head, extremities, and as much of the trunk as pos-
sible in wadding, plastic sheets, or aluminum foil.

Glucose Homeostasis

The fetus receives glucose from the mother by facilitated
transplacental diffusion, with very little derived from fetal glu-
coneogenesis. Following delivery, the limited liver glycogen
stores are rapidly depleted (within 2–3 h), and the blood glu-
cose level then depends on the infant’s capacity for gluco-
neogenesis, the adequacy of substrate stores, and energy re-
quirements. Infants at high risk of developing hypoglycemia
include LBW (especially SGA) infants, infants of toxemic or
diabetic mothers, and infants requiring surgery who are un-
able to take oral nutrition and who have the additional meta-
bolic stresses of their disease and the surgical procedure. All
pediatric surgical patients, particularly neonates, are therefore
monitored for hypoglycemia. Intravenous fluids should con-
tain a minimum of 10% dextrose, and if non-dextrose-con-
taining solutions such as blood or plasma are being adminis-
tered, close monitoring of the blood glucose level is essential.

In contrast, hyperglycemia is commonly a problem of the
VLBW infant on TPN due to a diminished insulin response
to glucose. Hyperglycemia may lead to IVH, and to renal, wa-
ter and, electrolyte loss from glycosuria. Prevention is by
small and gradual incremental changes in the glucose con-
centration and infusion rate.

Calcium and Magnesium Homeostasis

Hypocalcemia, defined as serum ionized calcium less than 
1.0 mg%, is most likely to occur 24 to 48 h after delivery. LBW
infants are at greatest risk (particularly if they are premature),
as well as those infants of a complicated pregnancy or deliv-
ery (e.g., diabetic mother), or those receiving bicarbonate infu-
sions. Exchange transfusions or the rapid administration of cit-
rated blood may also lead to hypocalcemia. The same infants
at risk for hypocalcemia are also at risk for hypomagnesemia.

Blood Volume and Transfusion

Total blood, plasma, and red cell volumes are higher during
the first few postnatal hours than at any other time in an in-
dividual’s life (Table 57.1). Several hours after birth, plasma
shifts out of the circulation, and total blood and plasma vol-
ume decrease. The high red blood cell volume persists, de-
creasing slowly to reach adult levels by the seventh postna-
tal week. Given an infant with a normal blood volume, mild
blood loss, defined as less than 10% of blood volume, does not
require transfusion. A transfusion of packed red blood cells at
a volume of 10 ml/kg usually raises the hematocrit 3% to 4%.

Jaundice

In the fetus, the lipid-soluble, unconjugated (indirect) biliru-
bin is cleared across the placenta. In the newborn, the ca-
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TABLE 57.1. Age-Based Estimation of Blood Volume.

Premature infants 85–100 ml/kg
Term newborns 85 ml/kg
Age �1 month 75 ml/kg
Age 3 months to adult 70 ml/kg

Source: Adapted from Rowe PC, (ed). In: The Harriet Lane Handbook, 11th
Ed. Chicago: Year Book Medical, 1987:25.



pacity for conjugating bilirubin is not fully developed and may
be exceeded by the bilirubin load. This excess results in tran-
sient physiological jaundice, which reaches a maximum at
the age of 4 days but returns to normal levels by the sixth
day. Usually the maximum bilirubin level does not exceed
10.0 mg/dl.

High serum levels of unconjugated bilirubin may cross
the immature blood–brain barrier in the newborn and can act
as a neural poison, leading to a condition termed kernicterus.
This condition, in its severest form, is characterized by
athetoid cerebral palsy and sensorineural hearing loss.

Phototherapy is widely used prophylactically in high-risk
infants to decrease the serum bilirubin by photodegradation
of bilirubin in the skin to water-soluble products. It is con-
tinued until the total serum bilirubin is less than 10.0 mg/dl
and falling. Exchange transfusion is indicated when the indi-
rect bilirubin level exceeds 20.0 mg/dl.

Vitamin K

The routine administration of vitamin K to all newborn in-
fants to prevent hypoprothrombinemia and hemorrhagic dis-
ease of the newborn is established practice.

Caloric Requirements

The newborn requires a relatively large caloric intake because
of the high basal metabolic rate, caloric requirements for growth
and development, energy needs to maintain body heat, and the
limited energy reserve. Caloric requirements are increased 10%
to 25% by surgery, more than 50% by infection, and 150% 
by burns. The caloric needs of an infant are calculated ac-
cording to the requirements for basal metabolism plus growth
(Table 57.2).

ENTERAL ALIMENTATION

The best means of providing calories is via the GI tract ei-
ther by mouth, or nasogastric or nasojejunal feeding tube, or
through a surgically placed gastrostomy or jejunostomy tube.
Gastric feeding is preferable because it allows for normal di-
gestive processes and hormonal responses, a greater tolerance
for larger osmotic loads, and a lower incidence of dumping.
Breast- or bottlefeeding is preferable for infants, usually more
than 32 to 34 weeks gestation, who have a coordinated suck-
and-swallow mechanism. Gavage feeding is indicated for in-
fants with an impaired coordinated suck-and-swallow mech-
anism, or for supplementation for those infants with a high
metabolic rate who cannot gain weight with oral feeding
alone.

PARENTERAL NUTRITION

The indications for parenteral feeding include the following:
extremely low birth weight infant, surgical GI abnormalities
with prolonged postoperative ileus (gastroschisis, necrotizing
enterocolitis), short gut syndrome following extensive bowel
resection, chronic diarrhea (malabsorption syndrome), in-
flammatory bowel disease, severe acute alimentary disorders
(pancreatitis, necrotizing enterocolitis), chylothorax, intesti-
nal fistulae, and persistent vomiting associated with cancer
chemotherapy.3 The requirements for TPN are detailed in
Table 57.3.

FLUID AND ELECTROLYTE MANAGEMENT

Effective fluid and electrolyte management involves (1) cal-
culating the fluid and electrolyte requirements for maintain-
ing metabolic functions, (2) replacing losses (evaporative,
third space, external), and (3) considering preexisting fluid
deficits or excess (see Table 57.4). Taking these factors into
consideration, a tentative program is devised for fluid and
electrolyte administration. The patient’s response is moni-
tored and the program is adjusted accordingly.1,4

General Perioperative Considerations

Gastrointestinal Decompression

The importance of gastric decompression in the surgical new-
born cannot be overemphasized. The distended stomach car-
ries the risk of aspiration and pneumonia, and may also im-
pair diaphragmatic excursion, resulting in respiratory distress.
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TABLE 57.2. Caloric Requirements of Various Age Groups per 24 h.

Age Kilocalories per kilogram

Newborn term (0–4 days) 110–120
Low birth weight infant 120–130
3–4 months 100–106
5–12 months 100
1–7 years 90–75
7–12 years 75–60
12–18 years 60–30

TABLE 57.3. Total Parenteral Nutrition Requirements.

Six months to More than
Component Neonate 10 years 10 years

Calories (kcal/kg/d) 90–120 60–105 40–75
Fluid (ml/kg/d) 120–180 120–150 50–75
Dextrose (mg/kg/min) 4–6 7–8 7–8
Protein (g/kg/d) 2–3 1.5–2.5 0.8–2.0
Fat (g/kg/d) 0.5–3.0 1.0–4.0 1.0–4.0
Sodium (mEq/kg/d) 3–4 3–4 3–4
Potassium (mEq/kg/d) 2–3 2–3 1–2
Calcium (mg/kg/d) 80–120 40–80 40–60
Phosphate (mg/kg/d) 25–40 25–40 25–40
Magnesium (mEq/kg/d) 0.25–1.0 0.5 0.5
Zinc (mcg/kg/d) 300 100 3 mg/day
Copper (mcg/kg/d) 20 20 1.2 mg/day
Chromium (mcg/kg/d) 0.2 0.2 12 mg/day
Manganese (mcg/kg/d) 6 6 0.3 mg/day
Selenium (mcg/kg/d) 2 2 10–20/day

TABLE 57.4. Calculation of Maintenance Fluid Requirements.

Body weight (kg) Fluid volume/24 h

1–10 100 ml/kg
11–20 1000 ml � 50 ml/each kg over 10 kg
�20 1500 ml � 20 ml/each kg over 20 kg



A double-lumen sump tube, such as the Replogle tube, is pre-
ferred, utilizing low continuous suction. If a single-lumen
tube is used, intermittent aspiration by syringe or machine
is required.

Antimicrobial Therapy

Deficiencies in the immune system of the newborn infant
render it vulnerable to major bacterial insults. Prophylactic
antimicrobial therapy is advised for infants undergoing 
major surgery, particularly of the gastrointestinal tract or 
genitourinary system. Adequate coverage is provided by com-
bining a penicillin (e.g., ampicillin) or first-generation cepha-
losporin (e.g., cefazolin) with an aminoglycoside (e.g., gen-
tamicin). Clindamicin or metronidazole is added when
anaerobic coverage is deemed necessary. Alternatively, sin-
gle-drug therapy using a broad-spectrum cephalosporin (e.g.,
cefoxitin) may be appropriate. Antibiotics are commenced be-
fore operation and may be discontinued postoperatively at the
surgeon’s discretion.

Preoperative Blood Sampling

Blood analyses should be restricted to those studies essential
for diagnosis and management. The volume of blood drawn
for laboratory tests should be documented as these small vol-
umes cumulatively represent significant blood loss in a small
infant. Generally, the only “routine” preoperative blood
analyses for a neonate consist of a complete blood count with
a differential and platelet counts, and a blood specimen for
type and crossmatch (in the case of major newborn surgery).
Electrolytes in the first 12 h of life simply reflect the mother’s
electrolytes. Coagulation studies (e.g., PT/PTT) are virtually
never indicated.

Preoperative NPO Guidelines

PATIENTS YOUNGER THAN 6 MONTHS

No food or formula 4 h before the procedure. Children may
continue to have breast milk and clear liquids (water, pe-
dialyte, glucose water, or apple juice) until 2 h before the 
procedure.

PATIENTS FROM 6 MONTHS TO 18 YEARS

Nothing to eat or drink after midnight except clear liquids
(water, apple juice, pedialyte, plain jello, popsicles, white
grape juice), which can be continued until 2 h before the
procedure.

PATIENTS OLDER THAN 18 YEARS

Nothing to eat or drink after midnight except clear liquids
(water, apple juice, plain jello, popsicles) until 4 h before the
procedure.

Bowel Preparation Instructions

The bowel is mechanically cleansed for elective bowel resec-
tion. There is varied opinion as to whether a bowel preparation
is needed for certain procedures, as well as what to use to ac-
complish it, and whether to do it at home or in the hospital.

Lateral Neck Masses

The differential diagnosis of a laterally presenting neck mass is
extensive and includes branchial cleft remnants, lymphangioma,
dermoid cyst, epidermoid cyst, hemangioma, lymphadenitis,
leukemia, torticollis, neurofibroma, lipoma, metastatic tumor
to the cervical lymph nodes, parotid tumor, and tumors of
dentigerous origin. Of these, branchial cleft remnants, lym-
phangioma (cystic hygroma), and torticollis are discussed.

Branchial Cleft Cysts, Sinuses, and Remnants

The branchial arches develop and partially regress all during
the first 6 weeks of life.5 They are composed of endodermal
pouches on the pharyngeal wall and are noted externally by
the presence of ectodermal clefts. Cysts developing from
branchial structures usually appear later in childhood as op-
posed to sinuses, fistulae, and cartilagenous remnants. In-
complete sinus tracts are mere dimples in the skin. Approx-
imately 15% are bilateral, and one frequently observes similar
lesions in siblings.

Anomalies of the first branchial cleft are rare and often
present in adulthood as a small cyst lying close to the parotid
gland. During infancy, this anomaly is usually noted as a
draining sinus located anterior to the ear. Anomalies of the
second branchial cleft are the most common lesions, arising
in the mid- or lower neck, along the anterior border of the
sternocleidomastoid muscle. A cyst, sinus, or fistula may be
present. Anomalies of the third branchial cleft are extremely
rare and, like the second branchial cleft remnant, are located
along the anterior border of the sternocleidomastoid muscle.

TREATMENT

Rarely are branchial cleft anomalies cosmetically unappeal-
ing. Rather, they should be excised early in life, shortly after
diagnosis, because repeated infection is quite common, mak-
ing resection more difficult. When infection occurs, antibi-
otic therapy and often incision and drainage are indicated.
The definitive excision is staged, approximately 6 weeks later,
giving the inflammation adequate time to resolve, thus as-
suring a complete resection. Every effort should be made to
excise the entire cyst wall or fistula tract (including the skin
punctum, if present) because recurrence and infection are
common with incomplete removal.

Lymphangioma (Cystic Hygroma)

These growths are benign, multilobular, multinodular cystic
masses lined by endothelial cells. They result from malde-
velopment of the lymphaticovenous sacs.6 Eventually, se-
questrations of lymphatic tissue that do not communicate
with the normal lymphatic system develop; 50% to 65% ap-
pear at birth, and 90% by the second year of life. They are lo-
cated most commonly in the posterior triangle of the neck
(75%); axilla (20%); mediastinum, retroperitoneum, pelvis,
and groin (5%). The majority are asymptomatic.

There are two modes of treatment that are chosen on the
basis of imaging (CT, MRI) studies: sclerotherapy and exci-
sion. Intralesional injection of a sclerosing agent is most ef-
fective for unilocular cysts. Examples of agents that have been
used are OK-432 (a lyophilized mixture of Streptococcus pyo-
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genes and penicillin G potassium), and bleomycin.7,8 surgical
resection is an alternative option. The recurrence rate is low
(10%) if all microscopic disease is resected. When gross dis-
ease is left, recurrence appears in up to 100%.

Cervical Lymphadenitis

Cervical adenitis is an inflammatory enlargement of one or
more lymph nodes of the head and neck.9 There is tender-
ness, erythema, fever, and leukocytosis. Treatment is with
antibiotics, warm compresses, and surgical drainage when the
lymph node(s) become fluctuant.

Torticollis

Torticollis occurs in newborns and results from fibrosis and
shortening of the sternocleidomastoid muscle, producing a
“tumor” in the muscle that causes the face to turn toward
the contralateral side and the head to tilt toward the ipsilat-
eral shoulder.10 Increasing facial and cranial asymmetry re-
sults from this abnormal positioning. Passive range-of-motion
exercises, coupled with a change in the infant’s feeding posi-
tion, will cure most. The only indication for operation (divi-
sion of the muscle) is facial hemihypoplasia.

Midline Neck Masses

Midline neck masses usually present in children more than
6 months old and are often thyroglossal duct cysts/sinuses,
dermoid/epidermoid inclusion cysts, or goiter. Less common
differential diagnoses are: ectopic midline thyroid, pyramidal
lobe of the thyroid, thyroid adenoma of the isthmus, carci-
noma of the thyroid with a pretracheal nodal metastasis,
lipoma, and submental lymphadenitis. In contrast, cervical
teratoma and lymphangioma are the most common midline
neck masses in the newborn. They are often quite large and
may threaten the airway.

Congenital Anomalies of the Lung

Congenital Cystic Adenomatoid Malformation

Congenital cystic adenomatoid malformation (CCAM) are
cystic, solid, or mixed intrapulmonary hamartomas that com-
municate with the normal tracheobronchial tree and do not
have an anomalous blood supply.11 The majority of these le-
sions are lobar and can be identified prenatally by ultrasound.

The prenatal natural history can be quite variable.12 Some
may grow so large and produce such severe mediastinal shift
that heart failure and hydrops results. Others may remain the
same size, or regress considerably. Asymptomatic children
may be observed but resection (pulmonary lobectomy) is rec-
ommended since these lesions often become infected and
there are case reports of malignant transformation occurring
in untreated, long-standing cysts.13

Pulmonary Sequestration

This is a relatively normal segment of lung parenchyma, most
commonly in the lower left hemithorax, that has an aberrant
arterial supply, usually from the infradiaphragmatic aorta, and
venous drainage that is either pulmonary or systemic.14 There

is an extralobar variant that has its own investing pleura but
no communication with the tracheobronchial tree. Unlike
prenatally diagnosed CCAMs, sequestrations rarely grow
large enough to produce hydrops and in utero demise. Chil-
dren with extralobar sequestrations are usually asymptomatic
at birth and have been diagnosed either prenatally or by chest
radiograph demonstrating a radiopaque mass in the lower
hemithorax. Treatment is by excision of the sequestration,
which may or may not require lower lobectomy, depending
on the degree of inflammation.

Congenital Lobar Emphysema

Congenital lobar emphysema (CLE) consists of hyperinflation
of a single lobe, usually the upper or middle lobes.15 There
are a variety of causes such as bronchial obstruction (deficient
bronchial cartilage support, redundant mucosa, bronchial
stenosis, bronchial compression by anomalous vessels or me-
diastinal mass, mucus plug), a polyalveolar lobe (large num-
ber of abnormal alveoli that are prone to expansion), or hy-
poplastic emphysema (reduced number of bronchi and alveoli
with increased air space size).

Infants with CLE usually do not present with respiratory
distress for several days or weeks. Many infants, however,
present with mild tachypnea at birth. In only 5% of cases do
symptoms develop after 6 months of life. Most of these ba-
bies require excision of the affected lobe due to progressive
hyperinflation.

Mediastinal Masses

Mediastinal masses are relatively common in infants and chil-
dren and can be classified according to the compartment of
the mediastinum from which they arise.16 The most common
mediastinal mass is a posterior mediastinal neurogenic tumor.

ANTERIOR MEDIASTINAL MASSES

1. Thymic cysts and thymomas are rare and account for 5%
of cases.

2. Lymphoma accounts for approximately 10% and is either
a Hodgkin’s or non-Hodgkin’s variety. About 40% to 60%
of children with Hodgkin’s disease present with an ante-
rior mediastinal mass.

3. In teratoma (15%), the masses may be cystic, solid, and
may also be found within the pericardium, and approxi-
mately 20% are malignant.

4. Lymphangioma (cystic hygroma) occur in 7% and most
commonly extend caudally from the neck into the medi-
astinum. Rarely, they arise primarily in the mediastinum.

MIDDLE MEDIASTINAL MASSES

1. Bronchogenic cysts (15%): extrapulmonary cysts are lo-
cated in either the paratracheal or juxtahilar regions.
These cysts are three times more common on the right
side than on the left.

2. Pericardial cysts are rare, are almost always asymptomatic,
and are usually an incidental chest radiograph finding.

POSTERIOR MEDIASTINAL MASSES

1. Neurogenic tumors (see “Childhood Tumors”) account for
33%: they include neuroblastoma, ganglioneuroblastoma,
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ganglioneuroma, neurofibroma, and neurofibrosarcoma.
Common symptoms include respiratory distress (via tra-
cheal or lung compression), Horner’s syndrome, and pain.

2. Enterogenous cysts (28%) are esophageal duplications that
often contain ectopic gastric tissue.

Congenital Diaphragmatic Hernia

Congenital diaphragmatic hernia (CDH) is a highly lethal and
morbid disease that affects 1 in 2000 live births.17 Anatomi-
cally, CDH results from an embryological fusion defect, al-
lowing herniation of intraabdominal contents into the chest.
Failure of posterolateral fusion of the various components
comprising the diaphragm leads to a persistent pleuroperi-
toneal canal, the foramen of Bochdalek. The hernia is most
common on the left side (90%) with a rate of associated anom-
alies of 20% (chromosomal abnormalities, neural tube de-
fects, and congenital heart disease). Pulmonary hypoplasia is
believed to occur when the developing fetal lungs are com-
pressed by the herniated abdominal viscera, limiting the num-
ber of bronchopulmonary generations.18 Herniation of gut
through the diaphragmatic defect prevents normal intestinal
rotation and fixation, accounting for the almost universal
presence of intestinal rotational anomalies in infants with
CDH. The size of the defect ranges from a small slit to com-
plete diaphragmatic agenesis. 

The development of symptoms in CDH correlates with
the degree of pulmonary hypoplasia and pulmonary hyper-
tension. The abdomen is classically scaphoid. Breath sounds
may be absent on the ipsilateral side, and cardiac sounds may
be distant. They are usually symptomatic in the delivery
room with tachypnea, grunting respirations, retractions, and
cyanosis, and may require urgent intubation. The radio-
graphic findings include air-filled loops of bowel in the
hemithorax, a paucity of gas within the abdomen, radiopaque
hemithorax if the bowel does not contain a significant
amount of gas or if the liver occupies the majority of the
hemithorax, contralateral mediastinal shift with compression
of the contralateral lung, loss of normal ipsilateral diaphrag-
matic contour, and the nasogastric tube may coil in the
hemithorax.

Prenatal diagnosis is occurring more and more frequently
and allows the mother and fetus to be referred to an institu-
tion where sophisticated perinatal and pediatric surgical units
are available. For those fetuses with a severe CDH by ultra-
sound criteria, intervention before birth is an option and has
proven very promising.19 Treatment includes prompt orotra-
cheal intubation after sedation and paralysis. Avoid bag-mask
ventilation, administer 100% oxygen, insert a sump gastric
tube (Replogle) and place it on low continuous suction. Mon-
itor pre- and postductal oxygen saturations and treat right-to-
left shunting (pulmonary hypertension) as per Table 57.5. 
Persistent pulmonary hypertension may respond only to ex-
tracorporeal membrane oxygenation (ECMO) support.

Repair of the diaphragmatic defect is not a surgical emer-
gency and should be performed once the infant has stabilized
and has demonstrated minimal to no pulmonary hyperten-
sion (usually �48 h postnatally). Primary diaphragmatic clo-
sure using interrupted nonabsorbable sutures can be per-
formed if the defect is small. If the defect is too large for a

primary closure, then a prosthetic patch (e.g., Gore-Tex)
should be inserted and sutured around the ribs of the pos-
terolateral body wall. The majority of children with CDH who
survive the neonatal period and are successfully extubated en-
joy relatively normal lives. Recurrent diaphragmatic hernia
occurs in 10% to 20% of infants and should be considered in
any child with a history of CDH who presents with new GI
or pulmonary symptoms.

Foramen of Morgagni Hernia

The foramen of Morgagni (or space of Larrey) represents the
junction of the septum transversum, the lateral portion of the
diaphragm, and the anterior thoracic wall and allows the pas-
sage of the superior epigastric vessels. This anterior di-
aphragmatic defect accounts for only 2% of diaphragmatic
hernias. Typically, children are asymptomatic and the defect
is discovered later in life on a chest radiograph taken for rea-
sons unrelated to the hernia. Repair is indicated in the asymp-
tomatic patient because of the risk of bowel incarceration or
strangulation.

Eventration of the Diaphragm

Diaphragmatic eventration is an abnormally elevated portion
of the diaphragm or, most commonly, hemidiaphragm. It may
be congenital (usually idiopathic, but can be associated with
congenital myopathies or intrauterine infections) or acquired
(as a result of phrenic nerve injury during forceps delivery or
thoracotomy).20 There is a variable absence of diaphragmatic
muscle, at which point its distinction from a CDH with a
persistant hernia sac is obscure. The elevated diaphragm pro-
duces abnormalities of chest wall mechanics with impaired
pulmonary function. Respiratory distress and pneumonia are
frequent presenting symptoms, although GI symptoms such
as vomiting or gastric volvulus may occur.

The diagnosis is made by chest radiograph and confirmed
by fluoroscopy or ultrasound, which demonstrates paradoxi-
cal movement of the diaphragm during spontaneous respira-
tion. Incidentally discovered small localized eventrations do
not need to be repaired. Eventrations that are large or that are
associated with respiratory symptoms should be repaired.
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TABLE 57.5. Treatment of Pulmonary Hypertension.

Oxygenate Mechanical ventilation, FiO2 1.0
Correct acidosis Hyperventilate

Sodium bicarbonate (or THAM if 
retaining CO2)

Correct malperfusion Adequate volume replacement as 
needed

Inotropic agents: dopamine, dobut-
amine

Sedation/paralysis Fentanyl infusion, neuromuscular 
blockade (vecuronium)

Pulmonary vasodilation Nitric oxide
Correct hypocalcemia Intravenous calcium supplements 

(CaCl2, Ca gluconate)

THAM, Tromethamine.



Congenital Chest Wall Deformities

Sternal Defects

SIMPLE CLEFT STERNUM

This defect results from a failure of the embryonic sternal
bars to unite and fuse, typically involving the manubrium and
varying lengths of the body. Patients are usually asympto-
matic. Operative correction is performed in the neonatal pe-
riod, as the chest wall is so pliable, and consists of simple su-
ture approximation of the sternal halves.

CLEFT STERNUM WITH TRUE ECTOPIA CORDIS

Varying degrees of upper sternal cleft are associated with ec-
topia cordis or a “bare” heart (no investing pericardium) that
is located outside the chest wall, via the cleft. This condition
is generally incompatible with life due to the severe congen-
ital heart lesion(s).

CLEFT STERNUM WITH THORACOABDOMINAL ECTOPIA

CORDIS (PENTALOGY OF CANTRELL)

There are five components to this disorder: minimal distal
sternal cleft, ventral diaphragmatic defect (central tendon de-
fect), epigastric abdominal wall defect (omphalocele), CHD,
and apical pericardial defect. As the heart is not completely
outside the mediastinum and retains most of its investing
pericardium, this is not considered true ectopia cordis. The
CHD is typically not severe (usually a septal defect). Mortal-
ity is appreciable and is related to the huge upper abdominal
wall defect and the cardiorespiratory compromise that results
from attempted closure.

Pectus Excavatum

This depression deformity is the most common congenital
chest wall abnormality, occurring in 1 in 300 live births, with
a 3:1 male predominance. It is associated with other muscu-
loskeletal disorders (Marfan’s syndrome, Poland’s anomaly,
scoliosis, clubfoot, syndactylism), and 2% have CHD. There
is a familial form. It results from unbalanced posterior growth
of costal cartilages that are often fused, bizarrely deformed,
or rotated.21 The body of the sternum secondarily exhibits a
prominent posterior curvature, usually involving its lower
half (Fig. 57.1). It is identified during infancy in 90%. In gen-
eral, there is no cardiopulmonary benefit after chest wall re-
pair except in rare instances in which the deformity is ex-
tensive. Otherwise, the repair is performed solely to improve
appearance.

Pectus Carinatum

This defect is a protrusion deformity, also referred to as pi-
geon or chicken breast.22 Approximately 10 times less fre-
quent than depression deformities, it results from overgrowth
of costal cartilages, with forward buckling and secondary de-
formation of the sternum. Atypical and asymmetrical forms
with rotation are common. There is a familial form. It is as-
sociated with Marfan’s disease, neurofibromatosis, Poland’s
disease, and Morquio’s disease. The defect does not affect car-

diopulmonary function. Unlike pectus excavatum, the defor-
mity is typically mild or nearly imperceptible in early child-
hood and becomes increasingly prominent during the rapid
growth in early puberty. There is no cardiorespiratory com-
promise with this deformity, and repair is performed solely
for an improved cosmetic appearance.

Congenital Anomalies of the Esophagus

Anomalies of the esophagus, namely esophageal atresia, tra-
cheoesophageal fistula, and their variants, are potentially life
threatening in the newborn period.23 Shortly after birth, the
infant with esophageal atresia is noted to have excessive sali-
vation and repeated episodes of coughing, choking, and cya-
nosis, and attempts at feeding are unsuccessful. Those with
an associated tracheoesophageal fistula are prone to gastric re-
flux into the tracheobronchial tree with resulting chemical
tracheobronchitis and pneumonia, especially if they are on me-
chanical ventilatory support. The diagnosis is confirmed by
demonstrating that a small feeding tube coils in the upper
esophageal pouch on a plain radiograph. A contrast study is
almost never indicated. Bronchoscopy is the most sensitive
means of identifying a tracheoesophageal fistula. There is a
50% to 70% incidence of associated anomalies, namely car-
diac (PDA, septal defects), gastrointestinal (imperforate anus,
duodenal atresia), genitourinary, and skeletal. The VACTERL
association (vertebral, anorectal, cardiac, tracheo-esophageal,
renal, and limb anomalies) is present in 25% of cases.

These anomalies are classified based on the presence or
absence of an esophageal atresia (Fig. 57.2). Esophageal atre-
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FIGURE 57.1.  Adolescent with a pectus excavatum deformity. Note
that the most pronounced posterior sternal curvature is in the lower
one-half. (Reproduced with permission from R. Shamberger, Con-
genital chest wall deformities. In: Pediatric Surgery, Fifth Edition, JA
O’Neill, MI Rowe, JL Grosfeld, Editors. © 1998 CV Mosby, Co.)



sia with distal tracheoesophageal fistula (type C) is the most
common type (85% of cases).

Treatment begins with stabilization of the child and as-
sessment for associated anomalies. A Replogle sump suction
catheter should be placed in the upper esophageal pouch and
the head of the bed elevated. An echocardiogram is required
to determine the position of the aortic arch as a right-sided
arch makes the standard right thoracotomy repair difficult.
The goal of operative therapy is to divide and ligate the fis-
tula and repair the atresia in one stage. Staged operations are
reserved for extremely premature babies and those with se-
vere anomalies or long gaps between the esophageal pouches.

Gastrointestinal Tract Abnormalities

Gastroesophageal Reflux

Gastroesophageal reflux (GER) is physiological at birth be-
cause the lower esophageal sphincter does not mature for ap-
proximately 2 months; this accounts for the commonly noted
regurgitation (chalazia) during and after feeds in a normal
newborn. The symptoms of GER in infants and children are
protean.24 The most common is vomiting, which can cause
failure to thrive, aspiration pneumonia, apnea, bronchospasm
that is confused with asthma, and laryngospasm which may
lead to sudden infant death. The gold standard diagnostic test
is lower esophageal 24-h pH monitoring.

Nonoperative treatment is successful in most cases. For
infants, thickening the feeds with rice cereal and upright po-
sitioning during and shortly after feeding is effective. Persis-
tent symptoms mandate drug therapy with an antacid (e.g.,
H2 blocker or proton pump inhibitor). The indications for op-
eration are failure of medical therapy (e.g., recurrent pneu-
monia), severe esophagitis, Barrett’s esophagitis, esophageal
stricture, or significant bleeding. The gold standard antireflux
surgical procedure is the Nissen complete fundoplication.25

This can be done laparoscopically.

Pyloric Stenosis

Pyloric stenosis is the most common surgical disorder pro-
ducing emesis in infancy. The symptoms are of gastric out-
let obstruction and are caused by concentric hypertrophy of
the pyloric muscle with progressive narrowing of the pyloric
canal. The disease evolves postnatally, as it is rare in preterm
infants, and symptoms are usually absent in the first week of
life. It is usually diagnosed in the first 3 to 6 weeks after birth.

Clinically there is progressive, forceful, nonbilious eme-
sis. The vomiting occurs immediately or within 30 to 45

min of the last feeding and consists of undigested formula
with thick curds. Brownish or coffee-ground material may
be pres-ent and suggests gastritis. Affected infants are vo-
raciously hungry after vomiting and will eagerly take to the
bottle or nurse. The differential diagnosis is overfeeding
(most common), formula intolerance, GER, pyloric dupli-
cation, antral web, CNS lesion with increased intracranial
pressure, and salt-wasting adrenogenital syndrome. Infants
are often dehydrated with sunken fontanelles, dry mucous
membranes, and poor skin turgor. Jaundice (elevated indi-
rect bilirubin) may be present due to decreased glucuronyl
transferase activity. A firm, mobile hypertrophic pylorus,
or “olive,” is palpated by an experienced examiner in 90%
of cases, provided the child is relaxed and the stomach is
decompressed. Diagnostic imaging is required only if the
olive cannot be palpated. Ultrasonography is the most sen-
sitive test although a negative study is nondiagnostic for
other entities. An upper GI contrast study can provide
anatomical and functional details. Plain abdominal radi-
ographs are never indicated.

Prolonged vomiting of gastric fluid can result in a
hypochloremic, hypokalemic, metabolic alkalosis. Fluid and
electrolyte abnormalities are corrected using D5 0.45% nor-
mal saline at 150 to 175 ml/kg/d. Potassium (20 mEq/l) is
added after the child voids. The volume of resuscitation fluid
is adjusted based on the child’s urine output, urine specific
gravity, and vital signs.

The timing of operation is dictated solely by the fluid and
electrolyte status. Surgery may be undertaken when an ade-
quate amount (1–2 ml/kg/h) of nonconcentrated (specific grav-
ity � 1.012) urine is established and the serum chloride and
potassium are corrected. The surgical repair consists of an ex-
tramucosal myotomy beginning 1 to 2 mm proximal to the
pyloroduodenal junction and extending onto the antrum. Re-
cent series show equally effective results with the laparo-
scopic approach to pyloric stenosis. Pyloric stenosis never re-
curs, and there is a uniformly excellent outcome.

Intestinal Obstruction in the Newborn

Because fetuses continually swallow amniotic fluid into
their GI tracts and excrete it via the urine, intestinal ob-
struction may be noted on prenatal ultrasound by the pres-
ence of polyhydramnios (increased amniotic fluid level). Af-
ter birth, vomiting is the principal symptom, and the
vomitus is bile stained if the obstruction is distal to the
ampulla of Vater. It is important to note that newborn bil-
ious vomiting is pathological until proven otherwise. On
physical examination, the presence and degree of abdomi-
nal distension depends on the level of the obstruction and
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FIGURE 57.2.  A. Pure (long gap) esophageal atre-
sia. B. Esophageal atresia with proximal tracheo-
esophageal fistula. C. Esophageal atresia with 
distal tracheoesophageal fistula. D. Esophageal
atresia with proximal and distal fistulae. E. Tra-
cheoesophageal fistula without esophageal atresia.
(Reproduced with permission from JL Grosfeld,
Pediatric surgery. In: Textbook of Surgery. DC
Sabiston, Editor. © 1991 WB Saunders Co.)



should be noted. For example, there is no significant dis-
tension with duodenal obstruction versus massive disten-
sion with colonic obstruction (e.g., Hirschsprung’s disease).
A careful perineal examination should be performed to as-
sess if an anus is present, patent, and in the normal loca-
tion. Meconium, the first newborn stool, is passed in the
first 24 h of life in 94% of normal full-term infants and by
48 h in 98%. Failure to pass meconium may be indicative
of lower GI tract obstruction.

Depending on the plain abdominal radiograph, an upper GI
series may or may not be needed before operative intervention.
As the plain abdominal radiograph in a newborn cannot dif-
ferentiate small bowel from large bowel in an infant with mul-
tiple distended bowel loops, the most common test in the
workup of bilious emesis is the contrast enema. It can be both
diagnostic and therapeutic (e.g., wash out a meconium plug).

Duodenal Obstruction

Duodenal obstruction26 can be complete (e.g., atresia) or par-
tial (e.g., stenosis). The various causes are idiopathic atresia
(failure of canalization), annular pancreas, preduodenal por-
tal vein, or peritoneal bands (Ladd’s bands) from malrota-
tion. There may also be a mucosal web or diaphragm that
can partially (perforated web) or completely obstruct the
duodenum. Approximately one-third of babies with duode-
nal atresia or stenosis have trisomy 21 (Down syndrome).
Patients present with bilious emesis and the presence of a
“double bubble” on plain abdominal radiographs (Fig. 57.3).
Rarely are contrast studies needed preoperatively. Treat-
ment is by duodenoduodenostomy. In contrast, an ob-
structing duodenal web is excised. Obstruction from Ladd’s
bands requires simple division of the bands and correction
of the malrotation.

Disorders of Intestinal Rotation

Disorders of intestinal rotation are classified in four ways: in-
complete rotation (the most common), nonrotation, reversed
rotation (the least common), and anomalous mesenteric fix-
ation.27,28

Incomplete rotation may affect the duodenojejunal por-
tion, the cecocolic portion, or both. As only partial rotation
occurs, the bowel is fixed posteriorly by a relatively narrow
mesenteric base that is prone to twisting (volvulus). The par-
tial rotation of the cecum may result in duodenal obstruction
by Ladd’s bands. These are peritoneal folds that serve to fix
the cecum to the posterior body wall; if rotation halts in the
right upper quadrant, these bands will stretch out over the
duodenum. Incomplete intestinal rotation is managed by di-
vision of Ladd’s bands, division of any intermesenteric adhe-
sions, straightening the duodenum as much as possible, and
placing the cecum on the left side of the abdomen. In essence,
one is creating nonrotated intestinal anatomy, much like
early fetal life. Appendectomy is advocated based on the ab-
normal final position of the appendix.

With nonrotation of the intestine, the midgut is “sus-
pended” from the superior mesenteric vessels; the majority
of the small intestine lies on the right side of the abdomen,
the large bowel on the left. It is often noted in patients with
CDH, gastroschisis, and omphalocele. This anatomy is less
prone to volvulus compared to the incomplete rotation vari-
ant. In reversed rotation, the duodenojejunal bowel rotates
varying degrees in a clockwise direction about the SMA.
The cecocolic portion may rotate clockwise or counter-
clockwise, anterior or posterior to the SMA. Anomalous
mesenteric fixation accounts for internal mesenteric and
paraduodenal hernias. The bowel may rotate normally but
fixes to the abdominal wall abnormally. Excessive cepha-
lad rotation of the duodenojejunal portion results in ob-
struction of the third portion of the duodenum in thin pa-
tients (SMA syndrome).

Atresia of the Jejunum, Ileum, and Colon

Unlike duodenal atresia, more distal intestinal atresias are
caused not by a failure of canalization but by a mesenteric
vascular accident with resultant aseptic resorption of the
bowel, usually later in gestation. The spectrum of anomalies
ranges from a stenosis or mucosal web (type I), a fibrous cord
between two bowel ends (type II), to blind-ending proximal
and distal bowel loops with a V-shaped mesenteric defect
(type IIIa), and multiple atresias of any kind (type IV).29 The
most common site of atresia is the ileum, followed by the je-
junum and the colon. Bilious emesis is uniform. Plain radi-
ographs demonstrating only a few dilated bowel loops are in-
dicative of a proximal obstruction, and a contrast study is not
required.

At operation, the distal portion of the proximal blind-end-
ing bowel segment is disproportionally dilated and should be
resected because it is functionally abnormal and atonic. There
is always a discrepancy in bowel diameter between the prox-
imal and distal ends, so an end-to-side or end-to-oblique anas-
tomosis is necessary.

Duplications of the Gastrointestinal Tract

Duplications are rare congenital cystic abnormalities of the
GI tract that have been reported to occur anywhere from the
mouth to the anus. They originate on the mesenteric side of
the associated alimentary tract and share a common blood
supply with the native bowel.30 Heterotopic gastric mucosa
is seen in up to one-third of these lesions and may result in
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FIGURE 57.3.  Plain abdominal radiographs demonstrate a gas-filled
stomach and proximal duodenum (“double bubble”), indicative of
proximal duodenal obstruction. The radiograph on the left was taken
with the baby supine, the one on the right with the child upright.



severe ulceration, bleeding, and eventual perforation. Com-
munication with the lumen of the gut is more common with
tubular duplications. 85% of duplications are diagnosed be-
fore age 2 and 60% by 6 months of age. Vertebral anomalies
are seen in 21% of patients, while other congenital anomalies
are encountered in 48% of patients with alimentary tract 
duplications.

The signs and symptoms of alimentary tract duplications
are not unique and therefore may be confused with other GI
tract pathology. Although many duplications remain ‘silent’
and are incidentally discovered during an operative procedure,
others present with severe GI distress. Abdominal pain and
melena are the most common symptoms, and a mobile ab-
dominal mass may be palpated in approximately half of pa-
tients. Accumulation of secretion within the duplication can
cause intense pain and potential obstruction due to compres-
sion of the adjacent bowel lumen. The treatment for the ma-
jority of intraabdominal duplications is excision.

Meckel’s Diverticulum

A Meckel’s diverticulum is present in 1% to 3% of the popu-
lation and is the most common remnant of the omphalome-
senteric duct.31 It is located 10 to 90 cm from the ileocecal
valve and may contain ectopic gastric (most common) or ec-
topic pancreatic tissue. The lifelong risk of complications is
4%, and 40% of these cases occur in children under 10 years
of age. Complications include bleeding (40%), intussusception
(20%), diverticulitis or peptic perforation (15%), umbilical fis-
tula (15%), intestinal obstruction (7%), and abscess (3%).
Bleeding is the most serious complication and most often oc-
curs in children younger than 5 years. It is often massive, sel-
dom occult. Contrast studies rarely outline the diverticulum.
The diagnosis is often made by a technetium-99m pertech-
netate scan, which will demonstrate uptake of the tracer by 
ectopic gastric parietal cells. The sensitivity of the scan is 
increased with pretreatment by either cimetidine or penta-
gastrin. Resection can be accomplished by laparotomy or lap-
aroscopically.

Anorectal Anomalies: Imperforate Anus

Anomalies of the rectum develop as a result of the faulty di-
vision of the cloaca into the urogenital sinus. The sphincters
and levator muscle complex as well as the sacral nerves are
affected to varying degrees. Therefore, a “perfect” surgical re-
pair may not result in perfect continence.32 There is a wide
range of anomalies, many of which can be simply classified
as either “low” or “high” on the basis of physical examina-
tion and imaging studies. Low defects are defined by an ori-
fice that is visible at the perineum but is not in the normal
location or is partially covered in the normal location. In
males, the orifice is anywhere on the perineum, including the
median raphe of the scrotum, or it may simply be a covered
anus in which there is an incomplete epithelial membrane
over the anus. In females, the orifice is either at the perineal
body, fourchette, vestibule, or distal vagina. High defects
most often have a fistulous connection to the urethra or blad-
der neck (males) or the upper vagina (females). The rectum
may end blindly in 10% of cases. The most severe of the high
deformities is the cloacal anomaly, also termed a persistent
urogenital sinus. There is only one visible orifice on the per-

ineum; within it there is a common channel between the
vagina and urethra, with the rectum opening into the vagina.

All infants with imperforate anus should be prophylacti-
cally treated against a urinary tract infection until a voiding
cystourethrogram is obtained that rules out vesicoureteral re-
flux. Low deformities are treated by perineal anoplasty. Tra-
ditionally, a high deformity was treated by a three-staged 
repair consisting of a divided loop colostomy, a posterior sagit-
tal anorectoplasty 4 to 6 weeks later, and closure of the
colostomy several months later.33 Fistulae to the bladder neck
usually require division via laparotomy. Recently, the staged
approach has been challenged and a one-staged repair has been
performed.34 In all cases, the neoanus must be dilated for sev-
eral months to prevent circumferential cicatrix formation.

Meconium Plug and Meconium Ileus

Meconium plug syndrome, or neonatal small left colon syn-
drome, is believed to result from transient colonic immatu-
rity-related dysmotility. More than 50% of babies are born to
diabetic mothers. Infants present with abdominal distention,
bilious emesis, and failure to pass meconium. The obstruct-
ing plug of meconium is most often located in and around
the splenic flexure. The contrast enema, using a water-solu-
ble agent, is both diagnostic and therapeutic. It demonstrates
a small left colon and dilated bowel proximal to the meco-
nium filling defects. Persistent symptoms after evacuation of
the meconium mandates a suction rectal biopsy to rule out
Hirschsprung’s disease.

It is important to differentiate meconium plug syndrome
from meconium ileus. Meconium ileus results from obstruc-
tion of the terminal ileum by abnormal meconium. Of the
patients with meconium ileus, 10% to 33% have a family
history of cystic fibrosis.35 The presentation is no different
from that of meconium plug syndrome, Hirschsprung’s dis-
ease, or distal intestinal atresia. Characteristically, the prox-
imal ileum is greatly dilated and contains thick, viscous
meconium, while the terminal ileum is collapsed and ob-
structed by thickly packed round mucous plugs that resem-
ble rabbit stool pellets. Initial treatment is with a hypertonic
contrast enema mixed with a mucolytic agent (N-acetylcys-
teine). This treatment draws hypotonic fluid into the in-
testinal lumen, so the infant must be kept well hydrated. If
this fails to relieve the obstruction, laparotomy is indicated.
All patients should be evaluated for cystic fibrosis.

Hirschsprung’s Disease

Congenital intestinal aganglionosis (Hirschsprung’s disease) re-
sults from a failure of craniocaudal migration of neuroblasts
that are destined to become the parasympathetic ganglion cells
of the intestine. The absence of ganglion cells always begins
just proximal to the dentate line, never skips intestinal seg-
ments, and extends proximally for varying lengths. In approx-
imately 75%, the disease is limited to the rectosigmoid colon;
5% of cases involve the entire colon (total colonic agan-
glionosis), and 5% can involve varying lengths of small intes-
tine. The absence of ganglion cells results in a functional ob-
struction because the affected area fails to relax due to
unopposed sympathetic tone. The disease may run in families
and is associated with trisomy 21 and congenital heart disease.

The typical neonate with Hirschsprung’s disease has bil-
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ious emesis, abdominal distension, and passes little or no
meconium. Rectal examination of the infant may produce an
expulsion of stool and air. Short segments of disease may al-
low a baby to escape diagnosis for weeks, months, or even
years. The older patients present with chronic constipation,
alternating with diarrhea, and failure to thrive. Untreated
Hirschsprung’s disease may lead to enterocolitis, character-
ized by fever, abdominal distension, and foul-smelling watery
stools. Enterocolitis is the principal cause of neonatal mor-
tality associated with Hirschsprung’s disease.

Plain abdominal radiographs demonstrate dilated loops of
bowel. A contrast enema is the imaging test of choice. Typ-
ically, it demonstrates a transition zone in which there is
proximal colonic dilation and distal narrowing, most evident
in the lateral projection (Fig. 57.4). The definitive diagnosis
is made by rectal biopsy, where serial sections demonstrate
an absence of ganglion cells, hypertrophied nerve trunks, and
increased acetylcholinesterase staining.

Traditionally, the surgical treatment was staged and con-
sisted of a leveling colostomy followed several months later by
resection of the aganglionic bowel and a pull-through proce-
dure.36 Recently, there has been a trend toward performing a
single-stage procedure (no colostomy) in the newborn period.37

Necrotizing Enterocolitis

Necrotizing enterocolitis (NEC) is the most serious and fre-
quent GI disorder of predominantly premature infants, with a
median onset at 10 days after birth. The incidence is increas-
ing given the recent therapeutic advancements in neonatal in-
tensive care, which have allowed smaller and smaller babies
to survive. Strong evidence exists that infection in a vulnera-
ble host plays the key role in the pathogenesis of NEC.38 The
most common site of involvement is the terminal ileum, fol-
lowed by the colon.

Clinical findings include abdominal distention; feeding
intolerance; palpable abdominal mass; and abdominal wall
edema, erythema, and crepitus. Rectal bleeding is frequent
but seldom massive.39 There are a variety of nonspecific clin-
ical findings that suggest physiological instability, such as ap-

nea, bradycardia, hypoglycemia, temperature instability, and
lethargy. Plain abdominal radiographs (supine and either left
lateral decubitus or cross-table lateral views) may demon-
strate pneumatosis, portal vein air, or pneumoperitoneum.
There is virtually no role for contrast studies to evaluate the
acute disease.

Initial treatment consists of cessation of feeds, broad-spec-
trum antibiotics, gastric suction, and correction of hypo-
volemia, acidosis, and electrolyte abnormalities. The only ab-
solute indication for operation is pneumoperitoneum. How-
ever, another strategy that is gaining acceptance for those
with documented intestinal perforation is bedside peritoneal
drainage using a Penrose drain inserted under general anes-
thesia.40 In approximately one-third of cases, no further op-
eration will be necessary.

Intussusception

Intussusception (Fig. 57.5) is the most common cause of in-
testinal obstruction in children under 2 years of age. The peak
incidence is at 6 to 12 months, and there is a 3:1 male pre-
dominance. It is defined by the telescoping of a segment of
proximal bowel (intussusceptum) into the adjacent distal
bowel (intussuscipiens). It is typically idiopathic and involves
the terminal ileum and right colon (ileocolic intussusception).
In most cases, hypertrophied Peyer’s patches are noted to be
a leading point.

The characteristic clinical presentation is one of crying
and drawing the legs upward, alternating with periods of ap-
parent well-being or even lethargy. Reflex vomiting may oc-
cur, but vomiting from bowel obstruction is a late finding.
Blood and mucus in the stool are noted in one-third of patients
and have a characteristic “currant jelly” appearance. A mass
may be palpable where the intussusceptum ends. Contrast en-
ema is both diagnostic and therapeutic in more than 90% of
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FIGURE 57.4.  Lateral view of a contrast enema from a baby with
Hirschsprung’s disease shows distal rectosigmoid narrowing with
proximal dilation of the colon.

FIGURE 57.5.  Ileocolic intussusception. (Reproduced with permis-
sion from AA de Lorimier, Pediatric surgery. In: Current Surgical Di-
agnosis and Treatment, LW Way, Editor. © 1994 Appleton & Lange.)



cases. A successful study reduces the intussusceptum and
demonstrates reflux of barium or air into the terminal ileum.
The indications for operation are peritonitis, bowel perfora-
tion, and inability to completely reduce the intussusceptum
using contrast.

Biliary Tract Anomalies

Neonatal Jaundice

Neonatal jaundice is common and physiological for the first
7 to 10 days of life. It is principally due to immaturity of the
hepatic enzyme glucuronyl transferase and results in a pre-
dominantly indirect hyperbilirubinemia. Jaundice persisting
after 2 weeks following birth is pathological, often associated
with a rise in the direct bilirubin fraction, and mandates
prompt evaluation. The most frequent causes of prolonged
jaundice in infancy are biliary atresia, a variety of hepatitides,
and choledochal cyst. The differential diagnosis of neonatal
jaundice is summarized in Table 57.6.

Biliary Atresia

Biliary atresia is the absence of patent bile ducts draining the
liver.41 The disease is progressive postnatally because infants
are rarely born with remarkable jaundice. The extent of duc-
tal involvement may vary greatly. Liver biopsy demonstrates
proliferation of the bile canaliculi containing inspissated bile.
Over time, the failure to excrete bile out of the liver causes
progressive periportal fibrosis and obstruction of the intra-
hepatic portal veins, resulting in biliary cirrhosis.

Neonates with biliary atresia are usually healthy appear-
ing and active, unlike those with neonatal hepatitis. The
urine is dark from bilirubin and the stools are light (acholic).
Firm hepatomegaly appears by 4 weeks. Ascites and portal
hypertension do not become manifest for several months. Ul-
trasonography may demonstrate absence or inability to visu-

alize a contracted gallbladder. There is no intrahepatic biliary
dilation with biliary atresia. A technetium-99m-labeled imi-
nodiacetate compound (HIDA, DISIDA) scintiscan will
demonstrate uptake but no intestinal excretion. Percutaneous
liver biopsy may be necessary to distinguish biliary atresia
from neonatal hepatitis, although there is considerable his-
tological overlap in advanced cases. Unless the workup has
conclusively diagnosed another entity, all children suspected
of having biliary atresia should undergo operative cholan-
giography with the intention of proceeding to exploration of
the porta hepatis. Confirmed biliary atresia requires hepatic
portoenterostomy (Kasai procedure).42

Choledochal Cyst

Choledochal cysts are dilations or diverticuli of all or a por-
tion of the common bile duct. The incidence is estimated from
1 in 13,000 to 1 in 2,000,000.43 There is a female predomi-
nance (3:1), and the cysts are more common in Asians, with
a large majority of the reported cases originating from Japan.

Choledochal cysts are classified into one of five sub-
types.44 Type I is a fusiform dilation of the extrahepatic bile
duct. Type II is a saccular outpouching of the common bile
duct. Type III, referred to as a choledochocels, is a wide-mouth
dilation of the common duct at its confluence with the duo-
denum. Type IV is a cystic dilation of both the intra- and ex-
trahepatic bile ducts. Type V consists of lakes of multiple in-
trahepatic cysts with no extrahepatic component, and when
Type V is associated with hepatic fibrosis, it is termed 
Caroli’s disease. Type I and Type IV are the most common.
If left, untreated choledochal cysts may cause cholangitis and
cholangiocarcinoma in the long term.

The classic presentation of a choledochal cyst is the triad
of abdominal pain, jaundice, and an abdominal mass. How-
ever, the complete triad proves to be the exception rather than
the rule. Ultrasonography is increasingly responsible for de-
tecting choledochal cysts in the fetus. Neonates more com-
monly present with asymptomatic jaundice (predominantly
direct hyperbilirubinemia) or an abdominal mass. As children
grow older the cyst may become painful or infected. In adults,
an abdominal mass is rarely appreciated, and patients present
more commonly with symptoms of cholangitis or pancreati-
tis. An ultrasound usually confirms the diagnosis, although
radionuclide scanning, MRI, and ERCP (endoscopic retrograde
cholangiopancreatography) have also been used.

Historically, choledochal cysts were treated with internal
drainage by anastomosis of the cyst wall to the stomach, duo-
denum, or small bowel. However, internal drainage proce-
dures have an unacceptably high morbidity and the unre-
sected cyst is capable of malignant degeneration. The current
gold standard operation consists of complete cyst excision
with Roux-en-Y hepaticojejunostomy.

Abdominal Wall Defects

Omphalocele

Omphalocele is a midline abdominal wall defect noted in 1
in 5000 live births. The abdominal viscera (commonly liver
and bowel) are contained within a sac composed of peri-
toneum and amnion, from which the umbilical cord arises at
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TABLE 57.6. Differential Diagnosis of Neonatal Jaundice.

ABO, Rh, and rare blood group incompatibilities
Breastfeeding
Sepsis 
Metabolic disorders

Alpha-1-antitrypsin deficiency
Gaucher’s disease
Galactosemia
Tyrosinemia
Hypothyroidism
Cystic fibrosis

Criglar–Najjar syndrome
Gilbert’s disease
Hepatitis
Biliary atresia
Choledochal cyst
Inspissated bile syndrome
Parenteral alimentation cholestasis
Alagille’s syndrome
Byler’s disease
Pyloric stenosis



the apex and center45 (Fig. 57.6). When the defect is less than
4 cm, it is termed a hernia of the umbilical cord and when
greater than 10 cm it is termed a giant omphalocele. Associ-
ated abnormalities occur in 30% to 70% and include, in 
descending order of frequency, chromosomal abnormalities
(trisomy -13, -18, -21), congenital heart disease, Beckwith–
Wiedemann syndrome (hyperinsulinism, gigantism, macro-
glossia, cloacal exstrophy (hypogastric omphalocele, open
hemibladders separated by a vesicointestinal fissure, am-
biguous genitalia), pentalogy of Cantrell, and prune belly syn-
drome (absent abdominal wall muscles, genitourinary abnor-
malities, cryptorchidism).

After delivery, the omphalocele is covered by placing the
baby’s lower extremities and torso within a sterile bag (bowel
bag) or placing saran wrap around the defect to minimize heat
and water loss. Intravenous fluids are administered and na-
sogastric suction commenced. Emergency operation is not
necessary, so a thorough physical examination and workup
for associated anomalies is performed. The primary goal of
surgery is to return the viscera to the abdominal cavity and
close the defect. The success of primary closure is predicated
on the size of the defect and the size of the abdominal and
thoracic cavities. It is wise to leave the sac in situ because
primary closure may not be possible and thus one has main-
tained the best biological dressing for the viscera. In rare cases,
nonoperative treatment is indicated by the presence of a giant
omphalocele or severe associated anomalies (e.g., pentalogy of
Cantrell). The aim is to allow the sac to dry and form an es-
char, allowing epithelialization to occur during the ensuing
16 to 20 weeks. A ventral hernia results, which is repaired
electively when the patient is stable.

Gastroschisis

Compared to an omphalocele, a gastroschisis is a much
smaller, right paramedian defect without an investing sac45

(Fig. 57.7). It is twice as common as omphalocele, and the her-
nia contains gut and pelvic organs but not the liver. Forty per-
cent are in infants who are born prematurely or are small-
for-gestational age. The bowel may be edematous, matted,
foreshortened, and have extensive fibrin coating or “peel” due
to amniotic peritonitis. In both omphalocele and gastroschi-

sis, nonrotation of the gut is common. Unlike omphalocele,
associated anomalies are rare. The most common is intesti-
nal atresia (10%–15%).

At delivery, the bowel should be assessed for ischemia
from obstructed mesenteric vessels herniating out a small de-
fect or for a volvulus. The infant should be placed on his or
her side to prevent “kinking” of the mesentery as it drapes
over the abdominal wall. The bowel is covered with a sterile
bag and the GI tract decompressed with a gastric tube. Un-
like omphalocele, urgent repair is necessary. Unlike infants
with omphalocele, those with repaired gastroschisis have a
predictably prolonged ileus (2–6 weeks) and require central
parenteral nutrition.

Umbilical Hernia

An umbilical fascial defect is very common in newborns. The
highest incidence is in preterm infants and those of African-
American descent. In most children (95%), a defect less than
1.5 cm will progressively diminish in size and eventually
close.46 This may take months or years. Unlike inguinal her-
nias, complications (incarceration, strangulation) from um-
bilical hernias are extremely rare. Repair of the defect is in-
dicated when the defect is larger than 1.5 cm or the child is
4 years or older because defects in these children are not likely
to close spontaneously.

Inguinal and Scrotal Disorders

Inguinal Hernia and Hydrocele

Inguinal hernia is a common condition in infancy and child-
hood.47 Unlike hernias in adulthood, these hernias result
nearly exclusively from a patent processus vaginalis (indirect
hernia) and not a weakness in the floor of the inguinal canal
(direct hernia). The processus vaginalis follows the descent of
the testis into the inguinal canal. Failure of obliteration of
the processus may lead to a variety of anomalies including
scrotal hernia, inguinal hernia, communicating hydrocele,
noncommunicating hydrocele, hydrocele of the spermatic
cord, and hydrocele of the tunica vaginalis (Fig. 57.8).
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FIGURE 57.6.  Neonate with an omphalocele. The liver and bowel
herniated through a midline abdominal wall defect and are sur-
rounded by a sac of amnion and chorion from which the umbilical
cord emanates.

FIGURE 57.7.  Neonate with a gastroschisis. The defect is to the right
of the umbilical cord and the bowel has no investing sac. Note the
edema of the bowel wall and the dilated stomach adjacent to the um-
bilical cord.



The incidence of a clinically detectable inguinal hernia
varies with gestational age; 9% to 11% in preterm infants and
3% to 5% for full-term infants. These hernias occur on the
right side in 60% (due to later descent of the right testis), on
the left in 30%, and bilaterally in 10% and are more common
in males. Conditions associated with an increased risk of in-
guinal hernia include prematurity, family history, abdominal
wall defects, cryptorchidism, intersex anomalies, connective
tissue disorders, and ascites from any cause (e.g., ventricu-
loperitoneal shunt, peritoneal dialysis, liver disease). The
usual presentation is a nontender mass in the inguinal region.
The hernia is often appreciated only when the child strains or
cries. One must always locate the position of the testis dur-
ing an examination for a hernia because an inguinal bulge due
to an undescended or retractile testis may be mistaken for a
hernia. Commonly, testicular hydroceles are mistaken for her-
nias. The hallmark of the hydrocele is that one can palpate
the normal spermatic cord above the level of the hydrocele.
Transillumination is not reliable in the newborn because in-
testine and fluid transilluminate equally well. It may be dif-
ficult to distinguish between a large inguinoscrotal hydrocele
and an incarcerated hernia. In general, hydroceles that do not
communicate with the peritoneal cavity are physiological and
the vast majority resolve within 1 year. Those that persist af-
ter 1 year or those which demonstrate changes in size (com-
municating hydrocele) should be repaired.

All inguinal hernias in children should be repaired shortly
after diagnosis to prevent incarceration (nonreducible viscera
in the hernia sac), strangulation (vascular compromise to the
incarcerated bowel), or injury to the ipsilateral testis from
compression of the spermatic cord by the incarcerated bowel.
An incarcerated hernia can usually be reduced before surgery.
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FIGURE 57.8.  Spectrum of inguinoscrotal disorders. A. Normal
anatomy. The processus vaginalis is obliterated and there is a small
remnant, the tunica vaginalis, adjacent to the posterior surface of the
testis. B. Scrotal hydrocele. C. Communicating hydrocele. Note the
proximal patency of the processus vaginalis. D. Hydrocele of the sper-
matic cord. E. Inguinal hernia. F. Inguinoscrotal hernia. (Reproduced
with permission from MI Rowe, Inguinal and scerotal disorders. In:
Essentials of Pediatric Surgery. © 1995 CV Mosby Co.)

FIGURE 57.9.  Three anatomical variants of testicular torsion. A. In-
travaginal. B. Extravaginal. C. Torsion around a long epididymal
mesentery.

Historically, it was recommended that all boys under 
2 years of age and all girls under 5 years undergo operative
exploration of the contralateral inguinal canal in search of a
clinically silent patent processus vaginalis.48 This approach
has been replaced, in large part, by laparoscopic explo-
ration.49,50 The incidence of complications from inguinal her-
nia repair (recurrence, wound infection, and damage to the
spermatic cord) should be 2% or less.

Disorders of the Testes

Cryptorchidism

By the eighth month of gestation, testicular descent should
be complete. The incidence of undescended or partially de-
scended testis is 1% to 2% in full-term infants and up to 30%
in premature babies. The cryptorchid testis may be located
in the inguinal canal, in the peritoneal cavity, or anywhere
on the lower abdomen, thigh, and perineum (ectopic testis).
The cryptorchid testis may continue to descend into the scro-
tum for as long as 1 year after birth. Operation is indicated
after 1 year because degenerative changes begin to take place
in these testes that may impair spermatogenesis and lead to
malignant transformation. Additionally, crytorchid testes are
more prone to trauma and torsion, often have an associated
inguinal hernia, and may cause adverse psychosocial effects.
The incidence of testicular cancer in a cryptorchid testis (30
times higher than the normal population) is not lessened by
repair, but a scrotal testicle can be more reliably examined
for a testicular mass later in life.

Testicular Torsion

Testicular torsion is most frequent in late childhood and early
adolescence, although the range is from fetus to adulthood.51

Anatomically, there are two forms of testicular torsion: in-
travaginal torsion (bell-clapper deformity) the most common
form, and extravaginal torsion, which occurs principally in
neonates and in children with an undescended testis (Fig. 57.9).
Rarely the testis may twist on a long epididymal mesentery.
In children, testicular torsion is either idiopathic or occurs af-
ter activity or trauma. There is acute scrotal or testicular pain
that may radiate to the lower abdomen. Progressive swelling,
edema, and erythema of the hemiscrotum occur. The testicle
is exquisitely tender on palpation.



Torsion of the testicular appendices52 (vestigial Müllerian
duct structures) and epididymitis may mimic testicular tor-
sion. With epididymitis, there is often pyuria, voiding symp-
toms, and fever. Torsion of the testicular appendices often
has a gradual onset, and careful palpation may reveal point
rather than diffuse tenderness. There may be a visible necrotic
lesion on scrotal transillumination (blue dot sign).

The diagnosis of testicular torsion is made principally on
clinical grounds. Although one may utilize Doppler ultra-
sonography and radionuclide scanning to aid in the diagno-
sis, these tests are time consuming and, in the case of ultra-
sound, not very specific. If the diagnosis is strongly suspected,
the best “test” is operative scrotal exploration. The testicu-
lar salvage rate if detorsion is performed within 6 h of symp-
toms is up to 97% versus less than 10% if greater than 24 h.
At operation, the testicle is detorsed and, if viable, it is fixed
to the hemiscrotum in three places. The contralateral testi-
cle is at risk for torsion because the testicular anatomy tends
to mirror itself, so a contralateral orchiopexy should be per-
formed in all cases. Torsion of the testicular appendices tends
to be self-limiting because necrosis and autoamputation usu-
ally occur. Treatment is with warm baths, limited activity,
and an antiinflammatory agent. If significant pain persists af-
ter 2 to 3 days, the appendix has not autoamputated and ex-
cision is indicated.

Cutaneous Vascular Anomalies

Hemangiomas

Hemangiomas demonstrate endothelial hyperplasia and are
seen in children and adults, but behave differently at differ-
ent ages. Hemangiomas are much more common than vas-
cular malformations. In the neonatal period, hemangiomas
can be subclassified according to their growth phase. A rapid
proliferating phase is usually seen during the first few years
of life, followed by the involuting phase, which may last sev-
eral years. Their clinical appearance depends on depth of the
lesion.

Fifty percent will involute without treatment by age 5
years, and 70% by 7 years. The remainder will slowly resolve
by age 10 to 12 years. Steroid therapy hastens the rate of pro-
liferation of hemangiomas by 30% to 90% and is indicated
for complicated lesions (i.e., those causing severe physiolog-
ical or anatomical abnormalities).

Cutaneous Vascular Malformations

Vascular malformations have normal endothelial cell turn-
over and tend to grow with the child. These lesions are struc-
tural anomalies that are considered errors in vascular mor-
phogenesis. They are usually visible at birth but may take
years or even decades to manifest. They are separated into
low and high flow variants, and further classified according
to the type of vascular channel abnormality: capillary, ve-
nous, arterial, and mixed malformations.

Capillary malformations consist of port wine stain (nae-
vus flammeus), naevus flammeus neonatorum (angel’s kiss),
naevus flammeus nuchae (stork bite, salmon patch), angio-
keratomas, and telangiectasias [spider, hereditary hemor-
rhagic telangiectasia (Rendu-Osler-Weber syndrome)]. They

are prone to infection and are treated aggressively with in-
travenous antibiotics. A compression garment should be used
if anatomically feasible. Some lesions can be excised or in-
jected with a sclerosing solution.

Venous malformations have a wide spectrum of appear-
ances ranging from simple varicosities to complex deep le-
sions that may be located in deeper tissues (e.g., bone, mus-
cle, salivary gland). Pain is often related to thrombosis within
the lesion. Radiographic imaging delineates the nature and
extent of the lesion (angiogram, CT, MRI). Photocoagulation
or YAG laser may be effective for superficial lesions. Resec-
tion is the definitive treatment as it can reduce bulk, improve
contour and function, and control pain. It is limited by
anatomical boundaries, and multiple staged procedures may
be required.

Arterial and arteriovenous malformations have multiple
small fistulae surrounded by abnormal tissues and can cause
high-output cardiac failure; they are most common in the
head and neck region (especially intracerebral). There is pain
and overlying cutaneous necrosis. Adjacent osseous struc-
tures are often destroyed. Selective embolization is used ei-
ther as palliation or presurgically to limit hemorrhage. Exci-
sion, when possible, is the procedure of choice.

Combined vascular malformations and hypertrophy syn-
dromes consist of Klippel–Trenaunay–Weber syndrome (com-
bined capillary–lymphatic venous malformation associated
with lower limb hypertrophy), Parkes–Weber syndrome (up-
per limb arteriovenous shunting), Marffucci’s syndrome (low-
flow vascular malformations and multiple extremity en-
chondromas with hypoplastic long bones), and Sturge–Weber
syndrome (upper facial port wine stain and vascular anom-
alies of the choroid plexus and leptomeninges).

Childhood Tumors

Neuroblastoma

Neuroblastoma is the most common tumor in infants less
than 1 year of age and the second most common solid tumor
of childhood53 (brain tumors are the most common solid tu-
mor). Approximately 60% of all cases occur in children less
than 2 years of age and 97% before age 10 years. The most
common site for primary disease is in the abdomen (adrenal),
followed by the thorax, pelvis, and occasionally the head and
neck.

Symptoms are site specific. The most common is pain
(from the primary or metastatic disease). Other symptoms 
include failure to thrive, malaise, fever, weight loss, and
anorexia. Children frequently appear “ill” at the time of 
diagnosis.

Imaging includes a chest radiograph, skeletal survey, and
bone scan. Neuroblastoma is the most common abdominal
tumor to demonstrate calcifications (50%) before chemother-
apy. The CT scan is instrumental in making the diagnosis
and in determining resectability. CT myelography is useful
in assessing tumor within the spinal canal and spinal cord
compression. MRI is as sensitive as CT scanning in terms of
assessing tumor size and resectability, but has the added ad-
vantage of being superior to CT in assessing vessel encase-
ment, vessel patency, and spinal cord compression. MRI can
also demonstrate bone marrow involvement in selected cases.
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I131-meta-iodobenzylguanidine nuclear scanning is very sen-
sitive in detecting tumors that concentrate catecholamines
and has been useful in the diagnosis of primary, residual, and
metastatic disease in patients with neuroblastoma. The stag-
ing systems are surgically and anatomically based, and all
have prognostic value. The most recent is the International
Neuroblastoma Staging System (Table 57.7). The diagnosis
rests upon the demonstration of immature neuroblastic tis-
sue obtained by tissue or bone marrow aspirate and biopsy.

Primary excision is attempted whenever possible. Gross
total excision is attempted, but negative microscopic tumor
margins are not necessary. Tumors that are not safely re-
sectable at diagnosis should be biopsied, along with any 
visible lymph nodes. Cyclic chemotherapy with or without
radiation therapy frequently results in shrinkage and matu-
ration of the tumor, allowing for later attempts at more ag-
gressive resection.

Bone marrow transplantation is used for patients with
stage 3 and 4 disease who are high risk by virtue of their age,
stage, or biological characteristics of their tumor.54 Patients
receive sublethal doses of chemotherapeutic agents and total
body irradiation, then are “rescued” with either allogeneic
bone marrow or, more commonly, with purged autologous
bone marrow.

Wilms Tumor

Wilms tumor is the most common childhood intraabdominal
tumor.55 Seventy-five percent of children are less than 5 years
old; the peak incidence is 2 to 3 years of age. It is associated
with aniridia, hemihypertrophy, and the Beckwith–Wiede-
mann syndrome. The constellation of Wilms tumor, aniridia,
genitourinary anomalies, and mental retardation (WAGR syn-
drome) and the Denys–Drash syndrome (mental retardation,
pseudohermaphroditism, renal disease, and Wilms tumor) are
associated with a deletion of 11p13.56

Children are healthy appearing and present with an
asymptomatic abdominal mass. It is not uncommonly de-

tected during the workup of seemingly trivial trauma-induced
hematuria. The physical findings are generally limited to a
large, nontender mass. Ascites may be present in advanced
cases.

There are no specific tumor markers. Imaging is required
to determine the extent of the mass, to assess for bilateral
disease, venous invasion, and metastases, and to confirm con-
tralateral renal function; this is accomplished with an ab-
dominal ultrasound and a CT scan of the chest and abdomen.
The most important determinants of outcome for children
are histopathology and tumor stage. Histopathologically,
there are two prognostic groups: favorable and unfavorable.
Unfavorable types display varying degrees of anaplasia. Stag-
ing is based on surgical and pathological aspects of the tumor
(Table 57.8).

Surgical excision can often be accomplished without any
preoperative treatment. The aim of surgery is to completely
remove the tumor (nephrectomy) without spill and determine
the stage by virtue of its size, extent, and lymph node in-
volvement. Tumor rupture with gross spillage portends a six-
fold increase in risk of local recurrence and requires the use
of postoperative external beam radiation. If the tumor is too
large for safe resection it is biopsied, along with regional
lymph nodes. Chemotherapy with or without radiation ther-
apy usually results in a significant reduction in tumor size
and allows subsequent resection. The overall survival is 85%,
and most patients will be cured. Survival correlates with
stage. The 4-year survival rate with respect to age and his-
tology is presented in Table 57.9.

Rhabdomyosarcoma

Rhabdomyosarcoma is a childhood malignancy that arises
from embryonic mesenchyme with the potential to differen-
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TABLE 57.7. International Neuroblastoma Staging System and Esti-
mated Survival Rates.

Stage 1. Localized tumor confined to the area of origin; complete
gross excision, with or without microscopic residual disease; iden-
tifiable ipsilateral and contralateral lymph nodes negative micro-
scopically. Survival 100%.
Stage 2A. Unilateral tumor with incomplete gross excision; identi-
fiable ipsilateral nonadherent lymph nodes negative microscopi-
cally. Survival 80%.
Stage 2B. Unilateral tumor with complete or incomplete gross ex-
cision; with positive ipsilateral nonadherent lymph nodes; identifi-
able contralateral lymph nodes negative microscopically. Survival
70%.
Stage 3. Tumor infiltrating across the midline (vertebral column)
with or without regional lymph node involvement; or unilateral
tumor with contralateral regional lymph node involvement; or
midline tumor with bilateral regional lymph node involvement or
extension by infiltration. Survival 40%.
Stage 4. Dissemination of tumor to distant lymph nodes, bone,
bone marrow, liver, or other organs (except as defined in stage 4S).
Survival 15%.
Stage 4S. Localized primary tumor as defined for stage 1 or 2 with
dissemination limited to liver, skin, and/or bone marrow (�10%
tumor) in infants younger than 1 year. Survival 85%.

TABLE 57.8. Wilms Tumor Staging System.

Stage I. Tumor limited to kidney and completely excised. The sur-
face of the renal capsule is intact and the tumor was not ruptured
before removal. There is no residual tumor.
Stage II. Tumor extends through the perirenal capsule but is com-
pletely excised. There may be local spillage of tumor confined to
the flank or the tumor may have been biopsied. Extrarenal vessels
may contain tumor thrombus or be infiltrated by tumor.
Stage III. Residual nonhematogenous tumor confined to the ab-
domen: lymph node involvement, diffuse peritoneal spillage, peri-
toneal implants, tumor beyond surgical margin either grossly or
microscopically, or tumor not completely removed.
Stage IV. Hematogenous metastases to lung, liver, bone, brain, etc.
Stage V. Bilateral renal involvement at diagnosis; each kidney
should be staged separately.

TABLE 57.9. Four-year Survival for Wilms Tumor.

Stage I/FH: 98%
Stage I–III/UH: 68%
Stage II/FH: 90%–95%
Stage III/FH: 85%–90%
Stage IV/FH: 78%–86%
Stage IV/UH: 52%–58%

FH, favorable histology; UH, unfavorable histology.



tiate into skeletal muscle.57 It is the most common pediatric
soft tissue sarcoma and is the third most common solid ma-
lignancy. It accounts for 4% to 8% of all malignancies and
5% to 15% of all solid malignancies of childhood. The age
distribution is bimodal; the first peak is between 2 to 5 years
and the secondary peak between 15 and 19 years.

The clinical presentation varies with the site of origin of
the primary tumor, age, and the presence or absence of
metastatic disease. The majority of symptoms are secondary
to the effects of tumor compression or the presence of a mass.
The most common site is the head and neck region (35%).

Staging as determined by the histological variant, the pri-
mary site, and the extent of disease is mandatory as each has
an important influence on the choice of treatment and on prog-
nosis. CT or MRI scanning are essential to evaluate the pri-
mary tumor and its relationship to surrounding structures. A
clinical grouping system was designed by the Intergroup Rhab-
domyosarcoma Study Group (IRS) to stratify different extents
of disease to compare treatment and outcome results (Table
57.10). It is based upon pretreatment and operative outcome
and does not account for the biological differences or the nat-
ural history of tumors arising from different primary sites.

The surgical management is site specific and includes
complete wide excision of the primary tumor and surround-
ing uninvolved tissue while preserving cosmesis and func-
tion. Incomplete excision (beyond biopsy) or tumor debulk-
ing is not beneficial, and severely mutilating or debilitating
procedures should not be performed. Tumors not amenable
to primary excision should be amply biopsied and then treated
with neoadjuvant therapies; secondary excision is then per-
formed and is associated with a better outcome than partial
or incomplete excisions.

Liver Neoplasms

Tumors of the liver are uncommon in childhood (2% of all
pediatric malignancies). More than 70% of pediatric liver
masses are malignant. The majority of hepatic malignancies
are of epithelial origin whereas most benign lesions are vas-
cular in nature.58

HEPATOBLASTOMA

Hepatoblastomas account for almost 50% of all liver masses
in children and approximately two-thirds of malignant tumors.

The most common finding is an asymptomatic abdominal
mass or diffuse abdominal swelling in a healthy-appearing
child. There may be obstructive GI symptoms secondary to
compression of the stomach or duodenum, or acute pain sec-
ondary to hemorrhage into the tumor. Physical examination
reveals a nontender, firm mass in the right upper quadrant or
midline that moves with respiration. Advanced tumors present
with weight loss, ascites, and failure to thrive. Alpha-fetopro-
tein (AFP) is significantly elevated in 90% to 95%.

Abdominal ultrasound demonstrates a solid, usually
unilobar (right lobe most common) lesion of the liver but
lacks sufficient detail to determine resectability. An abdom-
inal CT scan using intravenous contrast is currently the imag-
ing procedure of choice, both for diagnosis and planning ther-
apy. The definitive diagnosis requires a tissue biopsy.

Complete surgical resection is the major objective of ther-
apy and is the only chance for cure.59 Approximately 60% of
patients have primarily resectable lesions. Hepatic trans-
plantation is used for unresectable disease where chemother-
apy has failed to allow complete resection but no demon-
strable metastases exist.60 Long-term follow-up is required
before this becomes an accepted alternative treatment. The
overall survival for all children with hepatoblastoma is ap-
proximately 50%.

HEPATOCELLULAR CARCINOMA

Hepatocellular carcinoma is less common than hepatoblas-
toma and typically presents in older children and adolescents
(median age, 10 years). It is associated with preexisting
chronic hepatitis, cirrhosis due to hepatitis B virus, and other
causes of childhood cirrhosis. Signs and symptoms consist of
an abdominal mass or diffuse swelling, abdominal pain,
weight loss, anorexia, and jaundice. The serum AFP level is
elevated in 50%, although the absolute levels are lower than
in patients with hepatoblastoma. The diagnostic studies, stag-
ing, and treatment are similar to hepatoblastoma.59 Only 15%
to 20% of hepatocellular carcinomas are resectable. The over-
all long-term survival is poor (15%), even for resectable dis-
ease. The role of liver transplantation remains unclear.

HEMANGIOMA

This is the most common benign pediatric hepatic lesion.61

These lesions are solitary (cavernous hemangioma) or multi-
ple (infantile hemangioendothelioma), involving the bulk of
the liver. Patients with a solitary hemangioma frequently
have no symptoms or present with a mass. Infrequently, in-
tratumor hemorrhage or rupture result in abdominal pain.

The diagnosis is made by red blood cell-labeled radionu-
clide or dynamic abdominal CT scanning. The CT scan
demonstrates increased filling and rapid venous phase from
arteriovenous shunting. Angiography is unnecessary, and per-
cutaneous biopsy is contraindicated.

Treatment is not necessary for an asymptomatic child. Pa-
tients with congestive heart failure and/or thrombocytopenia
are treated with corticosteroids, digoxin, and diuretics. Re-
fractory patients benefit from hepatic artery embolization. 
External-beam radiation reduces hepatic size and controls
symptoms. Their large size and diffuse involvement may pre-
clude resection. Disease limited to one lobe can be surgically
removed. Hemangioendotheliomas may undergo malignant
degeneration into angiosarcoma.
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TABLE 57.10. Intergroup Rhabdomyosarcoma Study Clinical Group
Staging System.

Group I. Localized disease, completely removed
a. Confined to muscle or organ of origin
b. Infiltration outside organ or muscle of origin; regional nodes

not involved
Group II. Total gross resection with evidence of regional spread

a. Grossly resected tumor with microscopic residual
b. Regional disease with involved nodes, completely resected

with no microscopic residual
c. Regional disease with involved nodes, grossly resected, but

with evidence of microscopic residual and/or histological in-
volvement of the most distal regional node in the dissection

Group III. Incomplete resection, or biopsy with presence of gross
disease
Group IV. Distant metastases



HEPATIC ADENOMA

This is a benign lesion that accounts for less than 5% of all
pediatric liver tumors.62 It presents as an asymptomatic mass;
occasionally, acute abdominal pain results from tumor rupture
and bleeding. Abdominal CT scan demonstrates a well-cir-
cumscribed mass, usually confined to the right lobe. AFP lev-
els and liver function tests are normal. The major management
problem is the inability to differentiate adenomas from hepa-
tocellular carcinoma. Thus, excision is recommended.

FOCAL NODULAR HYPERPLASIA

This is a well-circumscribed, nonencapsulated nodular liver
mass. It presents as an asymptomatic hepatic mass or ab-
dominal pain (from rupture or bleeding). Ultrasonography and
CT scan demonstrate a solid mass, but one cannot differen-
tiate it from an adenoma or malignancy without a biopsy. If
the diagnosis can be made by biopsy (percutaneous or open),
no further treatment is needed.

MESENCHYMAL HAMARTOMA

This is an uncommon benign lesion presenting in the first
year of life as an asymptomatic large solitary mass usually
confined to the right lobe of the liver.63 The CT scan demon-
strates a well-defined tumor margin and minimal to no con-
trast enhancement. The treatment is surgical wedge resec-
tion; lobectomy is rarely required.

Teratomas

Teratomas are embryonal neoplasms derived from totipoten-
tial cells containing tissue from at least two of three germ
layers (ectoderm, endoderm, mesoderm). Approximately 80%
are found in females. They are typically midline or paraaxial
tumors64 and are distributed in the following regions: sacro-
coccygeal (57%), gonadal (29%), mediastinal (7%), cervical
(3%), retroperitoneal (4%), and intracranial (3%). Other sites
are rare. Nongonadal teratomas present in infancy whereas
gonadal are seen in adolescence; 21% are malignant.

The serum AFP level is elevated in tumors containing ma-
lignant endodermal sinus (yolk sac) elements. Serial AFP lev-
els are a marker for recurrence. �-hCG is produced from those
tumors containing malignant choriocarcinoma tissue. Rarely,
enough �-hCG is produced to cause precocious puberty. Ele-
vated AFP and �-hCG levels in histologically benign tumors
indicate an increased risk of recurrence and malignant trans-
formation, particularly with “immature” benign teratomas.
Treatment of these tumors is by complete excision.
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721

A
ABC evaluation, 89, 519
Abdomen, innervation of, 147–148
Abdominal aorta, diseases of, 449–457
Abdominal aortic aneurysm (AAA)

acute abdomen in, 152
association with femoral artery

aneurysm, 465
endovascular repair of, 498–501

Abdominal compartment syndrome
planned reoperation in, 154
renal injury in, 110
following resuscitation in shock or

visceral ischemia, 102
Abdominal pain

in gallbladder disorders, 221
in hepatic adenoma, 236
localization of, 152

Abdominal trauma, 355–365
blunt, diagnosis of, 91
vascular injuries in, 487

Abdominal wall defects, 350–353,
712–713

Abdominoperineal resection, for rectal
cancer, 302–303

Ablative therapies, nonresectional, in
colorectal carcinoma, 244–245

ABO compatibility
in blood transfusion, 51
in transplantation, renal, 610

Abscess
in acute diverticulitis, 292
anorectal, 308–309
breast, therapy for, 661
cryptoglandular, in Crohn’s disease,

287
hepatic, 74–75
intraabdominal, preventing with an-

tibiotic therapy, 148–149
pancreatic, 204

pleural effusion in, 534
postoperative development of, in ul-

cer surgery, 190
from sequestration of microbes, 64
well-circumscribed, in acute appen-

dicitis, 275

Absolute risk reduction (ARR), 10
Accessory molecules, in binding be-

tween TCR and MHC mole-
cules, 591

Accessory spleens, 331
Acetylcholinesterase inhibitors, for

myasthenia gravis, 553
Achalasia, 172–173
Acid-base balance, abnormalities in,

35–37
Acid perfusion test, for evaluating

esophageal symptoms, 171
Acid secretion, in the stomach, 186
Acinar cells

anatomical relationship with the
islets of Langerhans, 200–201

carcinomas involving, and prognosis
in pancreatic cancer, 213

Acral-lentiginous melanoma, 664
Activated clotting time (ACT), for

monitoring heparin administra-
tion, 42

Activated protein C resistance (APC
resistance), 40

Acute abdomen, 147–155, 569
Acute acalculous cholecystitis, as a

surgical complication, 142
Acute lung injury (ALI), 107
Acute normovolemic hemodilution

(ANH), 55
Acute rejection

clinical, caused by T cells, 597–598
of a liver allograft, 629
in lung transplantation, 641
in renal transplantation, 612

Acute respiratory distress syndrome
(ARDS), 107

Acyclovir, for treating herpes simplex
virus infection, 294

Addison’s disease, 396–397
Adenocarcinoma

ductal, 212–213
esophageal, 179
of the gallbladder, 229–230
of the lung, 507
of the pancreatic body and tail, 211

primary, in the appendix, 277
risk of

in Barrett’s esophagus, 177
in celiac disease, 262
in Crohn’s disease, 262

of the small intestine, 262
Adenoma

breast, 662
defined, 300
follicular, toxic nodule identified in

thyroid scan, 381
hepatic, 236

pediatric, 718
parathyroid, 370

benign, 375
surgery for, 374

pituitary, Cushing’s disease caused
by, 394

villous colonic, 300
Adenomatous polyposis coli (APC)

gene, mutation of, 307–308
Adenosquamous carcinoma, pancre-

atic, 214
Adherens junction (zonula adherens),

of the intestinal epithelium, 252
Adhesion

adhesioloysis during laparotomy, 
256

platelet, in primary hemostasis, 39
Adhesion molecules, role in the im-

mune system, 595
Adjuvant therapy

for colon cancer, 305
for polyposis coli syndromes, 307
for rectal cancer, 305–307
study of SMAC Group, 684–685
vaccines for melanoma, 676

Adrenal cortex, physiology of, 389
Adrenalectomy

bilateral, in Cushing’s disease, 394
laparoscopic, 164, 393–394, 396
total, 418

Adrenal gland, 389–400
Adrenal insufficiency, 396–397

fever accompanying, 140
Adrenal medulla, physiology of, 389



�-Adrenergic blockade
benefits from, in noncardiac surgery,

129
risks of discontinuing prior to

surgery, 128–129
Adrenocorticotropic hormone (ACTH),

389
Advanced Trauma Life Support (ATLS)

course, 89
on evaluation of burn patients, 119

Adventitial cystic disease, of the
popliteal artery, 466

Adynamic ileus, computed tomogra-
phy (CT) to differentiate from
small bowel obstruction, 258

Affinity maturation of antibodies, 592
African-Americans, nonmelanoma skin

cancers in, 678
Afterload change

in pneumoperitoneum, 158
reduction

in cardiogenic shock, 99
in congestive heart failure,

579–580
Age

and carcinoma of the large intestine,
296–297

as a criterion
for donor selection for heart trans-

plantation, 645
for donor selection for lung trans-

plantation, 638
for heart transplantation, 646

and Crohn’s disease, 284
and diverticular disease, 290–291
the elderly

acute abdomen in, 154
appendicitis in, 276
obturator hernias in women, 352
trauma in, 91–92

management of splenic injuries
in adults, 329
in children, 329

and prevalence of intermittent clau-
dication, 459

and primary mediastinal lesion
prevalence, 551

and prognosis of well-differentiated
thyroid cancer, 384

and risk, of venous thromboem-
bolism related to, 469

and success of simultaneous pan-
creas and kidney transplanta-
tion, 620

and symptoms of duodenal ulcer in,
187

at thyroidectomy, in multiple en-
docrine neoplasia type 2, 418

AIDS
differential diagnosis of acute ab-

dominal pain in, 277
pericardial effusion in, 545

See also Human immunodeficiency
virus (HIV) infection

Air plethysmography (APG), for assess-
ing calf muscle pump function,
475

Alabama Breast Cancer Project, clini-
cal trial of radical mastectomy,
665–666

Albumin, distribution of, 29
Alcohol, exposure to, and head and

neck cancer incidence, 691
Alcohol-related disease

hepatocellular carcinoma, 241
pancreatitis, chronic, 206

Aldosterone-producing adrenocortical
adenoma (APA), differentiating
from idiopathic hyperaldostero-
nism, 393

Aldosterone-to-renin ratio, plasma, 393
Aldosteronomas, primary aldostero-

nism associated with, 393
Algorithms

for blood conservation with a multi-
modality approach, 575

for diagnosis
of extremity vascular injury, 483
in thoracic aortic injury, 486

for evaluation
of abdominal trauma, blunt, 359
of adrenal incidentalomas, 392
of cardiac risk before noncardiac

surgery, 128–130
of minimal trauma, penetrating,

360
of thyroid nodule, 382

for managing a dominant palpable
breast mass, 660

for parathyroid localization, 373
for staging of a primary extremity

soft tissue mass, 683
for treatment

of colonic hemorrhage, 291
of gastroesophageal reflux, 176

for workup
of fecal incontinence, 312
in stable ischemia or acute my-

ocardial infarction, 572
Alkaline phosphatase, level of

in bile duct cancer, 231
in bile duct obstruction, 221

Alkaline reflux gastritis, after ulcer
surgery, 191

Alkalosis, metabolic, 36–37
Allergic reactions

to antibiotics, 68
to hydatid cysts, 240

Allograft
defined, 589
rejection of

liver, 628–629
mechanisms, 596–597

Alloreactivity, defined, 589

Alpha-adrenergic receptor blockade, in
preoperative treatment of
pheochromocytoma, 395

Alpha-fetoprotein (AFP)
in hepatocellular carcinoma, 241
tumor marker, for hepatoblastoma,

717
Altemeier classification, of wound sta-

tus in surgery, 134
Altemeier procedure, for rectal pro-

lapse, 313
Alveolar ridge, treatment of cancer of,

695
Amaurosis fugax, as a symptom of

cerebrovascular disease, 424
Ambulatory venous pressure, for assess-

ing venous hypertension, 475
Amebiasis, acute abdomen in, 155
Amelanotic melanoma, 673
American Academy of Neurosurgery

(AAN), classification system for
concussion, 91

American Association of Anesthesiolo-
gists (ASA), classification of
medical condition of the patient
prior to surgery, 134

American Board of Surgery, on critical
care, 127

American College of Cardiology/Amer-
ican Heart Association Task
Force, on cardiac risk systems,
128, 130

American College of Rheumatology,
diagnostic criteria for temporal
arteritis, 442

American College of Surgeons
Advanced Trauma Life Support

course, 119, 519
review of gastric cancer patients, 193

American Society of Hospital Pharma-
cists (ASHP), on conditions
needing stress ulcer prophylaxis,
192

American Society of Transplant Physi-
cians

standard for selecting lung trans-
plant recipients, 637

American Thoracic Society, standard
for selecting lung transplant re-
cipients, 632

Amine precursor uptake and decar-
boxylation (APUD) cells, 401

Amino acids, branched-chain, as an
energy source for muscle pro-
tein, 15–16

�-Amino caproic acid, to reduce blood
loss in surgery, 56

Aminoglycosides, bactericidal actions
of, 66–67

Aminosalicylates
for treating Crohn’s disease, 285
for treating ulcerative colitis, 289
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Amputations, in ischemia of the lower
extremities, 463–464

Amrinone, for management of shock,
101

Amylase, serum levels of, in acute
pancreatitis, 202, 271–272

Anaerobes
gastrointestinal, 64
role in acute appendicitis, 270

Anal cancer
human papilloma virus associated

with, 313
melanoma, 676

Analgesia, for thoracic trauma, clinical
trials, 521

Anal margin, tumors of, 315
Anal neoplasms, 314–315
Anaphylactic reactions

to hetastarch, 97
in surgery for hydatid cysts, 240–241

Anaphylatoxins, complement protein
fragments as, 65, 77

Anaplastic thyroid cancer (ATC), 386
Anastomosis, complications of

in lung transplantation, 640
postoperative leaks in ulcer surgery,

190
Anatomy

of the abdominal wall, inguinal
canal and femoral canal,
335–337

of the adrenal glands, 389–390
anorectal, 282
of the appendix, 269
of the biliary system, 219–220
of the brain arteries, 423
of cardiac valves, 576–577
coronary, 569–570
of the esophagus, 167–169
of the gastrointestinal tract, 401–403
of the head and neck, 691–692
of the liver, 235–236
of the mediastinum, 547
of the pancreas, 199–201, 401–403,

617
of the parathyroid glands, 369–370
of the pelvic floor, 283
of the pericardium, 539
of the peritoneal cavity, 147–149
of the pleura, 527–528
of the portal vein, 245
of the small intestine, 251–255
of the spleen, 325
of the stomach and duodenum,

185–186
of the thyroid, 379
venous collateral, 549

Anemia
from chronic bleeding of internal he-

morrhoids, 310
idiopathic autoimmune hemolytic,

330

perioperative, strategies for manag-
ing, 111

physiological response to, 52
sickle cell, 330
surgical, treating, 53

Anesthesia, selecting
for carotid endarterectomy, 426
for pheochromocytoma surgery, 395

Aneurysms/aneurysmal disease,
435–440

aortic, 449–450
celiac artery, 451
lower-extremity, 465
mycotic, in vascular infection, 71–72
visceral artery, 450–452

Angina pectoris, 571
in aortic stenosis, 578

Angioaccess, for hemodialysis, 608
Angiogenesis

role of fibroblast growth factors in,
82

stimulating, as an alternative to by-
pass grafting, 576

Angiography
of the adrenal glands, 391
for assessment

of aortoiliac occlusive disease, 452
of arterial disease of the lower ex-

tremity, 460
of cervical vascular trauma, 485
of renal artery occlusive disease,

454
coronary, before pancreas transplan-

tation, 618
interventional, in selected vascular

injuries, 482
for localization

of gastrointestinal hemorrhage, 290
of parathyroid glands, 372

Angiokeratomas, 715
Angioplasty

for aortoiliac occlusive disease, pre-
dicting success of, 453

carotid, 431
for chronic mesenteric ischemia, 454
intimal hyperplasia as an indication

for, 429
patch, in carotid endarterectomy,

426–427
percutaneous transluminal renal an-

gioplasty, 495
renal artery, for control of hyperten-

sion, 454–455
Angiotensin-converting enzyme in-

hibitors
for hypertension treatment, 454
withholding prior to surgery, effect

on congestive heart failure, 128
Anion gap (AG), in acidosis, 36
Ankle brachial indices (ABIs)

for defining asymptomatic arterial
insufficiency, 459

measuring to evaluate aortoiliac oc-
clusive disease, 452

measuring to evaluate patients for
lumbar sympathectomy, 463

significance of drops in, 460
for vascular trauma assessment, 483

Annular pancreas, 199
Annuloplasty

mitral, 581
tricuspid valve, 580

Anorectal anomalies, 710–712
abscess and fistula, 308–309

Anterior approach, to inguinal hernias,
339

Anterior mediastinal masses, 705
Antibiotic-associated colitis (AAC),

142
Antibiotics, resistance to, 68
Antibiotic therapy

for Clostridium difficile infection,
293

for Crohn’s disease, 285
duration of, 142–143
empiric, in fever, 142
ointments for burn wound care, 86
in peritonitis, 149–150
preoperative, 301
prophylactic

in hernia repair, prospective study,
343

in necrotizing pancreatitis, clinical
trials, 204–205

before surgery, 134–135
in trauma management, 90

for soft tissue infections, 72–73
Antibodies, 589

antithyroid, in Hashimoto’s thyroidi-
tis, 381

structure of, 64
heavy and light chain components

of, 592
See also Monoclonal antibodies

Antibody-mediated rejection, 596–597
Anticoagulant drugs, 41–42

association with blood loss in
surgery, 56

managing patients taking, 133–134
perioperative bleeding complications

from preoperative use of, 45–46
Anticoagulation

for mechanical valve implant pa-
tients, 581–582

natural mechanisms, 40
for preventing recurrent emboliza-

tion, 464
for venous thoracic outlet syndrome

therapy, 445
Antidiuretic hormone (ADH), regula-

tion by, of serum osmolarity, 31
Antidonor antibody, testing for, before

renal transplantation, 610
Antifibrinolytic agents, 43
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Antifungal agents, 67
Antigenic stimulation, effects of, 65
Antigen-presenting cells (APCs)

CD40 binding by, 595
hematopoietic, 591
T-cell binding to, 596

Antigen receptors, genetics and struc-
ture of, 590–591

Antigens
binding of, 590
defined, 589
transplant, 595

Antihypertensive therapy
drugs for renal transplantation recip-

ients, 614
preoperative continuation of, 128

Antiimpulse therapy, for thoracic aor-
tic aneurysms, 439

Antilymphocyte globulin (ALG), 599
Antilymphocyte preparations, 599–600
Antimicrobial agents, 66–68

for the newborn infant, 704
topical, for burns, 122–123
See also Antibiotic entries

Antiplatelet therapy
agents for, 41
before percutaneous transluminal

angioplasty, 497–498
Antiproliferative agents, for preventing

graft rejection, 598
Antireflux mechanism, 175
Antireflux procedure, during my-

otomy, 173
Antithrombin III, 40
Antithymocyte globulin (ATG), 599
Antiviral agents, 67. See also Antibi-

otic entries
Antrectomy, and vagotomy, for treat-

ing peptic ulcer, 189–190
Antrum, role in gastric emptying, 187
Anuria, defined, 110
Anus, 281–323

benign diseases and neoplasms,
308–315

imperforate, 710
Aorta

abdominal, diseases of, 449–457
ascending, surgical treatment of

aneurysms of, 439
thoracic

diseases of, 435–448
rupture from trauma, 521–522

Aortic aneurysms, abdominal, 449–450
Aortic arch

aneurysms of, 439
occlusive disease of branches of,

441–443
Aortic dissection, thoracic, 435–437
Aortic insufficiency, 578
Aortic reconstruction, in aortoiliac oc-

clusive disease, 452
Aortic stenosis (AS)

age as a factor in, 578
congenital, 564
timing of surgery for, 580

Aortic valve
anatomy of, 577
replacement of, 581–582
survival and morbidity data, 583

Aortobifemoral bypass, for aortoiliac
disease, 452–453

Aortography
in chronic distal dissection and de-

generative thoracoabdominal
aneurysm, 440

for diagnosing aortic dissection, 436
in mesenteric ischemia evaluation,

453
in thoracic aortic injury, 486

Aortoiliac occlusive disease, 452–453,
461

Aortopulmonary window, surgical
management of, 562

Apoptosis, enterocyte, 252
Appendectomy

clinical studies of, 164
incidental, 277
laparoscopic, 275–276

Appendices, testicular, torsion of, 715
Appendicitis

acute, 269–277
chronic, 277
diagnosing, 151–152

Appendix, 269–279
carcinoid tumors in, 263, 411

Aprotinin
antifibrinolytic activity of, 43
to prevent excessive bleeding in car-

diac surgery, 46, 56
Arachidonic acid, eiconsanoids derived

from, in hemostasis, 39
Arc of Riolan (meandering mesenteric),

281
Area variation, defined, 7
Arginine, for enteral feeding, 15–16
Arrhythmias

cardiac, in hypokalemia, 33
in myocardial contusion, 523

Arterial disease, of the lower extrem-
ity, 459–468

Arterial insufficiency, asymptomatic,
defined, 459

Arterial obstruction, acute, 464–465
Arterial pressure index (API), for vas-

cular trauma assessment, 483
Arterial switch operation, in transposi-

tion of the great arteries,
563–564

Arteriography
contrast, carotid, 425
in endovascular procedures, 489
to evaluate vascular trauma, 482–483

Arteriopathies, affecting the carotid
vessels, 430–431

Arteriovenous fistulas, for dialysis,
608–609

Arteritides, large vessel, 442–443
Asacol, for treating ulcerative colitis,

289
Asbestos, exposure to, and formation

of pleural plaques, 535–536
Ascariasis, acute abdomen in, 155
Ascending colon, cancer of, right

hemicolectomy for, 301
Ascites, in portal hypertension, manag-

ing, 247
Aspergillus infections, treating, 74
Aspiration

percutaneous, in hydatid cyst treat-
ment, 240

for pneumothorax treatment, 529
Aspirin

effects on perioperative bleeding, 45,
56

platelet inhibition by, 41
for treating venous ulcers, 476
See also Nonsteroidal antiinflamma-

tory drugs (NSGCT)
Asthma, association with carcinoid

disease, 411
Asymptomatic Carotid Atherosclerosis

Study (ACAS), 424–425
Atherosclerosis

of the aortic arch and its branches,
441–442

in aortoiliac occlusive disease, 452
as a cause of coronary artery disease,

570
in cerebrovascular insufficiency, 423
occlusive disease, and outcome of

percutaneous transluminal renal
angioplasty, 496

vascular disease of the lower ex-
tremities due to, 459

Atresia
biliary, in the newborn infant, 712
of the jejunum, ileum and colon,

709
Atrial fibrillation, from left atrial di-

latation in mitral stenosis, 578
Atrial septal defect, surgical manage-

ment of, 561
Atrioventricular canal defect, 561
Atrophy, gastric, progression to carci-

noma, 193
Atypical ductal hyperplasia (ADH), 659
Auerbach’s myenteric plexus, 251
Auscultation, for identifying valvular

dysfunction, 579
Autoantibodies, to coagulation factors,

treating, 45
Autochthonous microbes, of the gas-

trointestinal system, 64
Autograft/autotransplantation

for closure of an excised burn
wound, 122–123
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parathyroid, 418
splenic, 328

Autoimmune diseases/syndromes
adrenal atrophy, 396–397
Graves’ disease, 380–381
islet destruction, recurrence after

pancreas transplantation, 620
primary biliary cirrhosis, 623

Autologous predonation (PAD) of
blood, 55

Autologous transfusion/autotransfu-
sion, 137

in emergency treatment, 484
to reduce allogenic transfusion in

emergency treatment, 54
to reduce allogenic transfusion in

surgery, 55
with shed blood, 97

Automated Breast Biopsy Instrumenta-
tion (ABBI), 659

Axilla, surgical management of,
666–667

Axillo-axillary artery bypass, 441–442
Axillopopliteal bypass, 462
Azathioprine (AZA)

development of, as a lymphocyte in-
hibitor, 598

for treating Crohn’s disease, 285
for treating immunosuppression, in

heart transplantation, 649
for treating ulcerative colitis, 289

Aztreonam, 66

B
Bacteremia, associated with wound

manipulation in burn patients,
125

Bacteria, identifying, 61
Bacterial infections

colitides, 292
endocarditis, in burn patients, 125
after liver transplantation, 630
after lung transplantation, 641
pericarditis in, 543

Bacterial overgrowth, in the small in-
testine, 265

obstructed, 255
Bactericides, streptogramins, 66. See

also Antibiotic entries
Bacteriology, of peritonitis, 148–149
Bacteroides, levels of, in acute appen-

dicitis, 270
Balloon distension test, for evaluating

esophageal symptoms, 171
Balloon-expandable stents, 494
Banding, pulmonary artery, in truncus

arteriosus, 560–561
Barium enema, for screening for can-

cer, 298
Barotrauma, in ventilator support, 108
Barrett, Norman, 177
Barrett’s esophagus, 177–178

Barrier function, of the small intestine,
252

Basal acid output (BAO), for diagnosing
Zollinger-Ellison syndrome, 405

Basal cell carcinoma
of the anal margin, 315
injection of interferon-� in, 678–679

Basiliximab, monoclonal antibody for
immunosuppression, in liver
transplantation, 628

Basolateral membrane, colonic, Na�-
K�-ATPase pump of, 283

Bassini repair, of inguinal hernias, 339
B cells

activation of, 593
antibodies of, 589, 591
of the islets of Langerhans, 200–201
lymphoma of, mediastinal, 555

“Beating heart” procedure, 574–575
Beck’s triad, in cardiogenic shock, 99

association with thoracic trauma,
521

Benign diseases/lesions
anal, 308–314
of the breast, 659–660
exudate pleural effusion, 534
fibrous tumor of the pleura, 536
of the liver, 235–236
of the spleen, 326

Benzimidazolecarbamates, parasitoci-
dal effects of, 240

Beta blockers
for coronary artery disease manage-

ment, 572
in portal hypertension, 246
in renal hypertension, 454

Bias, defined, 9–10
Bicarbonate secretion, across the gas-

tric epithelial layer, 186
Bicarbonate therapy, for treating dia-

betic ketoacidosis, 139
Bilateral internal mammary artery

(BIMA), use of, as a risk factor
for postoperative mediastinitis,
548

Bile
cholesterol-supersaturated, 223
gallbladder, 220
hepatic, 220, 235

Bile acid malabsorption, 265
Biliary system, 219–234

anomalies of, 712
complications in, after liver trans-

plantation, 628
preoperative drainage of, in pancre-

atic cancer, 209–210
relief of obstruction of, in pancreatic

cancer, 212
Bilirubin

conjugation of, in the newborn in-
fant, 703

elimination of, 235

Binding site, epitope serving as, 589
Biochemical studies, for diagnosis

of insulinoma, 403–404
of pheochromocytoma, 395

Biofeedback, for treating nonrelaxing
puborectalis syndrome, 312–313

Biology
of transplant antigens, 595–596
of wounds, 77–82

Biomaterial, pericardium as, 545
Bioprosthetic valves, thromboem-

bolism in, 582
Biopsy

for confirmation
of fibrosing mediastinitis, 549
of hepatocellular carcinoma,

241–242
of soft tissue sarcoma, 682
of temporal arteritis, 442

for evaluation
of lung cancer, 511
of mediastinal lesions, 552

of scalene lymph nodes, 512
of skin lesions, 673–674

Bismuth-Corlette classification of
cholangiocarcinomas, 231

Bladder, perforation of, in laparoscopy,
159

Blalock-Taussig shunt, modified, 560
Blebs, pleural, 531
Bleeding

in colorectal cancer, 298
control of, in vascular trauma,

483–484
estimated blood loss, based on phys-

ical examination, 91
evaluation of risk for, 131–134
identifying patients at risk for, 45
pancreatitis complicated by, manag-

ing, 204–205
perioperative, drug administration to

reduce, 56
postoperative, managing, 47
in the surgery patient, 53–54
transfusion criteria in blood loss, 90
after valvular replacement, 582
variceal

management of, 246
variceal recurrent, in portal hyper-

tension, 246–247
See also Hemorrhage

Blinding, in randomized controlled tri-
als of surgical procedures, 5–6

Blood flow
coronary, 570
hepatic, 235

Blood gas management, in cardiopul-
monary bypass, 567–568

Blood glucose, regulation of, by the
pancreas, 201

Blood pressure, in cardiopulmonary by-
pass, 567
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Blood sampling, in the newborn infant,
restrictions on, 704

Bloodstream, infections of, nosoco-
mial, 70–71

Blood substitutes, 56
Blood supply

arterial
to the adrenal glands, 389
to the anorectum, 282–283
to the appendix, 269
to the colon, 281
to the esophagus, 168–169
to the pancreas, 199–200
to the thyroid, 379

of the inguinal region, 337
of the small intestine, 251
of the stomach and duodenum, 185
of the visceral pleura, 527

Blood volume, in the newborn infant,
702

Blue toe syndrome, 438, 464
Blumer’s shelf, 193, 209
B lymphocytes, antibody production

by, 64–65. See also B cells
Bochdalek’s hernias, 352–353
Body mass index (BMI)

as a predictor of mortality in lung
transplantation, 638

recommendations for obesity surgery
in terms of, 196

Bombesin, in the stomach, 186
Bone

disease of, parathyroidectomy for
managing, 373

regulation of mineral metabolism in,
369

Bone marrow transplant (BMT), in
neuroblastoma, 716

Bone scanning, technetium-99m for, in
carcinoid localization, 412

Botulinum toxin (BoTox)
for treating achalasia, 172
for treating anal fissures, 310

Bowel
injury to, in splenectomy, 331
layers of the wall of, 251
obstruction of, in hernia repair, 343
preparation of

for colorectal surgery, 301
in the newborn infant, preopera-

tively, 704
See also Small bowel

Bowel habits, change in, in colorectal
cancer, 298

Bowen’s disease, of the anal margin,
315

Brachytherapy
in recurrent colorectal cancer, 305
for soft tissue sarcoma, 684–685

Bradycardia, in neurogenic shock, 100
Brain

scanning, in lung cancer, 511

supportive treatment of dysfunction
in, 105–106

Brain death
criteria for, 610
injuries triggered by, 603

Branchial cleft cysts, 704
Breast, diseases of, 655–670
Breast cancer/carcinoma, 662–669

noninvasive, 662
Breast conservation treatment (BCT),

comparison with mastectomy,
radomized trials, 665

Brequinar sodium (BQR), immunosup-
pression by, 600

Brescia-Cimino fistula, 608–609
Breslow’s thickness, for staging

melanomas, 674
British Doctors Study, of respiratory

system cancers, 508
Broncholiths, identifying, in fibrosing

mediastinitis, 549
Bronchiolitis obliterans (BO), in

chronic rejection of lung allo-
grafts, 641

Bronchoscopy
to evaluate lung cancer, 511
to evaluate lung transplantation pa-

tients, 640
Buccal mucosa, treatment of cancer of,

695
Budd-Chiari syndrome

as an indication for liver transplan-
tation, 623

portal decompression in, 247
Buerger’s disease (thromboangiitis

obliterans), 466
Bullae, pleural, 531–532
Burn centers, transfer to, 121
Burn patients, intragastric feeding of,

effect on gastroparesis, 19
Burns, 119–126
Bypass, venovenous in liver transplan-

tation, 626
Bypass grafting

for innominate artery occlusion, 441
for renal artery occlusive disease, 455

C
Cachexia, type 2, accompanying

glucagonoma, 407
Cadaver donor selection

for liver transplantation, 627
for pancreas transplantation, 618

Calcification, in chronic pancreatitis,
206

Calcineurin, inhibitors of, as antipro-
liferative agents, 598–599

Calcitonin
as a marker for medullary thyroid

carcinoma, 386, 418
regulation of serum calcium levels

by, 369

Calcium
abnormal levels of, 34
in gallstones, 224
physiology of, 369
See also Homeostasis; Hypercal-

cemia; Hypocalcemia
Calcium channel blockers, for coro-

nary artery disease management,
572

Calcium channels, antagonists, contin-
uation in the perioperative pe-
riod, 129

Calcium gluconate, for treating hydro-
fluoric acid burns, 122

Calculous disease, of the biliary sys-
tem, 222–229

Calf, compartment syndrome of,
488–489

Caloric requirements, of the newborn
infant, 703. See also Nutri-
tion/Nutritional support

Calot’s triangle, 219
Campylobacter jejuni

acute appendicitis caused by, 277
diagnosis and treatment of, 293

Canadian National Breast Screening
Study (NBSS2), on the relative
values of physical examination
and mammography, 657

Cancers
of the colon, 301–302
pancreatic, 208–213
after pneumoperitoneum, 160
thyroid, types of, 383–386
See also Carcinoma; Tumors

Candida albicans infection, treating, 74
Cannulae, for cardiopulmonary bypass,

568
Carbapenems, microbes effective

against, 66
Carbon dioxide, for insufflation of the

peritoneal cavity, 157
Carcinoembryonic antigen (CEA), lev-

els of, in medullary thyroid can-
cer, 386

Carcinogens, associated with lung can-
cer, 508

Carcinoid disease/syndrome, 410–412
tumors metastatic to the liver, 263
tumors of the appendix, 269, 278
tumors of the small intestine, 263
tumors of the thymus, 554

Carcinoma
adrenocortical, 396
gastric, 193–195
gastric outlet obstruction associated

with, 192
incidence of, in Crohn’s disease, 285
parathyroid, 370, 375
risk of

in Crohn’s disease, 259
in ulcerative colitis, 288
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thyroid, 381
See also Adenocarcinoma; Cancers;

Hepatocellular carcinoma (HCC);
Squamous cell carcinoma; 
Tumors

Cardiac allograft vasculopathy, after
heart transplantation, 650

Cardiac arrest, prehospital, in trauma, 93
Cardiac catheterization

in cardiac tamponade, 541
in valvular heart disease, 579

Cardiac disease, risk of venous throm-
boembolism related to, 470

Cardiac index, in septic shock, 99
Cardiac output

in cardiogenic shock, 98
monitoring, 113–114

Cardiac Risk Index System (CRIS), 128
Cardiac surgery

comparison of procedures, 544
managing blood loss in, 46–47

Cardiac tamponade
in pericardial effusion, 541
in thoracic trauma, 521

Cardiac trauma, pericardial tamponade
in, 545

Cardiogenic shock, 97–99
differentiating from hypovolemic

shock, 96
Cardiography, impedance, for measur-

ing aortic blood flow, 116
Cardiomyopathy, restrictive, differenti-

ating from constrictive peri-
carditis, 542

Cardioplegia
in open-heart surgery, 568–569
in procurement for heart transplan-

tation, 647–648
Cardiopulmonary bypass, 567–569
Cardiovascular assessment

effects of pneumoperitoneum, 158
preoperative, 127–129

Cardiovascular disease/dysfunction,
105–107

in dialysis and renal transplantation
patients, 607, 613

Carotid artery
asymptomatic disease of, random

trial of carotid endarterectomy
in, 424–425

coils and kinks in, 430
dissection of, 430
extracranial, angioplasty and stent-

ing, 497–498
injuries to, from penetrating trauma,

485
occlusion of, managing, 429
stenosis of, angioplasty with stent-

ing to manage, 431
symptomatic disease of, random trial

evaluation of carotid endarterec-
tomy in, 424

Carotid Artery Stent versus En-
darterectomy Trial (CASET), 498

Carotid body tumors, 430
Carotid endarterectomy (CEA),

424–429
in cerebrovascular disease, 423
prospective trials of, 498

Carotid percutaneous transluminal an-
gioplasty, 498

Carotid Revascularization Endarterec-
tomy versus Stent Trial
(CREST), 431, 498

Carotid siphon lesions, and cerebrovas-
cular atherosclerosis, 425

Carotid-subclavian artery bypass, 441
Case-controlled studies, 4

of laparoscopic adrenalectomy,
396–397

Case series, evidence from reports
based on, 4

Castleman’s disease, 555–556
Catabolism, in patients with acute re-

nal failure, 24
Catecholamines

biosynthetic pathway for, 391
hypersecretion of, identifying

pheochromocytomas from, 392
Catheters, central venous

infection of, 142
risk of venous thromboembolism re-

lated to, 470
Catheters, indwelling, for cardiovascu-

lar dysfunction diagnosis infor-
mation, 106

Caustic ingestion, injury to the esoph-
agus from, 181

C-cells, calcitonin-secreting, medullary
thyroid cancer derived from, 385

CD 40 molecule, binding of, in the T-
cell cytotoxic response, 595

Cecal volvulus, 295
Cecum

cancer of, right hemicolectomy for,
301

carcinoma of, differentiating from
acute appendicitis, 274

Celiac artery aneurysms, 451
Cells, A, of the islets of Langerhans,

201
Cellular hypoxia, in septic shock, 99
Cellulitis

in burn injury, 124
severe, 72

Central nervous system, metastasis of
melanomas to, 677

Cephalosporins, 66
in acute appendicitis, preoperative

administration, 275
for prophylaxis, in selected opera-

tions, 136
Cerebral protection, during carotid en-

darterectomy, 426

Cerebrovascular disease, 423–433
Cervical vascular injury, 485
Charcot’s triad, in gallbladder infec-

tion, 221
Chemical burns, 120
Chemoprevention

of breast cancer, 656
of colorectal cancer, 297

Chemoradiotherapy
preoperative treatment in soft tissue

sarcoma, 685
for rectal cancer, outcomes, 306–307

Chemotherapy
effect of

on metastatic islet cell tumors,
409

on wound healing, 84
for esophageal cancer, 181
for gastric cancer, 195
for hairy cell leukemia, 328
for head and neck cancers, 694
for Hodgkin’s disease, 327
for lung cancer, clinical trials evalu-

ating, 515
for lymph node-negative breast carci-

noma, 667
for lymph node-positive breast carci-

noma, 667
for malignant carcinoid tumors, 412
for melanoma treatment, 677
palliative, in recurrent colorectal

cancer, 305
for pancreatic cancer, 211–212
postoperative, in soft tissue sarcoma,

684
preoperative, in soft tissue sarcoma,

684–685
for pulmonary soft tissue sarcoma

metastases, 686
Chest wall

congenital deformities of, 707
stabilization of, in flail chest,

520–521
Child-Turcotte-Pugh (CTP) score, in

scoring for access to live trans-
plant, 624

Chlamydia trachomatis, 313
Chloride secretion, active, model for,

254
Cholangiocarcinoma, 230–231

evaluation of, in evaluation for liver
transplantation, 624

Cholangiography
defined, 222
for evaluating bile duct masses, 231
for infants with biliary atresia, 712

Cholangitis
acute, 221
hemodynamic instability in, 152
recurrent pyogenic, 227

Cholecystectomy
for acute acalculous cholecystitis, 142
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Cholecystectomy (continued)
laparoscopic, 228–229

for gallstone pancreatitis, 203
as the gold standard for, 163
results of, 229

open, 228
prophylactic, in patients with short

bowel syndrome, 264
Cholecystitis

acalculous, 227
acute, 224–225

pain of, 221
differentiating from acute appendici-

tis, 273
early versus delayed surgery for,

clinical trials, 224–225
emphysematous, 225
laparoscopic surgery for, 225

Cholecystography, oral, 222
Cholecystokinin (CCK)

regulation of gallbladder function by,
220–221

release by enteroendocrine cells,
254–255

Choledochal cysts, 232, 712
Choledochalduodenal sphincter of

Oddi, 220
Choledocholithiasis, 225
Cholesterol-supersaturated bile, 223
Chondritis, suppurative, in burn pa-

tients, 125
Chromaffin cells, carcinoid tumors de-

rived from, 410
Chromosomes

02, light chain loci of, 592
03, calcium-sensing receptor gene

mutation on, and familial
hypocalciuric hypercalcemia,
371

06, encoding of antigens responsible
for allograft rejection on, 595

07, role in T-cell receptor formation,
591

10q, and changes associated with hy-
perparathyroidism, 370–371

11p13, deletion from, in Wilms tu-
mor-related syndromes, 716

11q, and changes associated with hy-
perparathyroidism, 370–371

13, breast cancer susceptibility gene
BRCA2 in, 664–665

14
heavy chain loci of, 592
role in T-cell receptor formation,

591
15, �2-microglobulin gene on, 595
17, BRCA1 gene for breast cancer

susceptibility on, 664
abnormalities of, in lung cancer, 509

Chronic dissection, managing, 437
Chronic lymphocytic leukemia (CLL),

splenectomy in managing, 328

Chronic mesenteric ischemia, 453–454
Chronic myelogenous leukemia

(CML), splenectomy in, 328
Chronic obstructive pulmonary disease

(COPD), secondary pneumotho-
rax in, 530

Chronic rejection (CR)
of allografts, 598
of liver allografts, 629
in lung transplantation, 641
in renal transplantation, 613

Chronic venous insufficiency/venous
ulceration, 474–477

Chvostek sign, after surgery for hyper-
parathyroidism, 376

Chylopericardium, 545
Chylothorax, 535
Cigarette smoking

and cardiac mortality, 128
cessation prior to surgery, positive

physiological effects of, 131
and lung cancer, early work, 507
and pancreatic cancer, 208

Ciprofloxacin, for treating Crohn’s dis-
ease, 285

Circle of Willis, 423
Circuit, in cardiopulmonary bypass, 568
Circulation

brain, anterior and posterior, 423
effects on, of pneumoperitoneum, 158

Circumferential burn injury, 123
Cirrhosis

and decisions about surgery for he-
patocellular carcinoma, 243

portal hypertension in, 245
Clark’s levels, for melanoma classifica-

tion, 674
Classification

of aortic dissection, 436
of burn wound infection, 124
for diagnosing Takayasu’s arteritis,

443
of esophageal atresias, 707
of hemorrhagic shock, 96
of newborn infants, 701
of non-Hodgkin’s lymphoma, 555
of scan interpretations, in pul-

monary embolism, 472
See also Grading; Staging

Claudication
defined, 459
natural history of, 463–464
in popliteal entrapment syndrome,

466
Cleft sternum, surgery for, 707
Clinical breast examination (CBE),

656–657
Clinical evaluation, of the breast pa-

tient, 655
Clinical factors

in pancreatic cancer prognosis, 212
in wound repair, 83–84

Clinical management
of coagulation abnormalities and

bleeding, 44–48
in high risk of breast cancer, 655
of wounds, 84–86

Clinical presentation
of acute appendicitis, 271–272
of acute diverticulitis, 291
of acute pancreatitis, 201–202
of acute pericarditis, 539–540
of adrenocortical carcinoma, 396
of aldosteronism, primary, 393
of aortic dissection, 436
of aortoiliac occlusive disease, 452
of atherosclerosis in the aortic arch

and its branches, 441
of biliary system disorders, 224–226
of cardiac tamponade, 541
of cerebrovascular disease, 423–424
of Clostridium difficile infection, 293
of coarctation of the aorta, 565
of congenital heart disease, 559
of constrictive pericarditis, 542
of coronary artery disease, 571–572
of Crohn’s disease, 284
of degenerative aneurysms, 438
of fibrosing mediastinitis, 549
of gastrinomas, 405
of hepatic adenomas, 236
of hepatic artery aneurysms, 451
of hepatic cysts, 238
of hydatid cysts of the liver, 239–240
of hyperparathyroidism, primary,

370–371
of insulinomas, 403
of lung cancer, 509–510
of malignant neoplasms of the small

intestine, 261–262
of mediastinal lesions, 551
of multiple endocrine neoplasia type

1, 417
of pancreatic cancer, 208–209
of pancreatic pseudocysts, 208
of pancreatitis, chronic, 206
of pericardial effusion, 540
of pheochromocytoma, 395
of pneumothorax, 528
of popliteal entrapment syndrome,

466
of retroperitoneal soft tissue sar-

coma, 686
of sigmoid volvulus, 294
of small intestine neoplasms,

260–261
of small intestine obstruction,

255–256
of soft tissue sarcoma, 682
of superior vena cava syndrome, 549
of Takayasu’s arteritis, 442–443
of thoracic aortic aneurysms, 439
of ulcerative colitis, 288
See also Symptoms
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Clinical trials
comparison of early versus delayed

surgery for acute cholecystitis,
226

comparisons of laparoscopic repair
types, 348–349

of lymph node dissection, in
melanoma management, 675

of mastectomy versus modified radi-
cal mastectomy, 665–666

See also Randomized controlled tri-
als (RCT)

Closed intensive care model, 127
Closed loop, in small intestine ob-

struction, 256
Closed wounds, topical treatment of,

85–86
Clostridium difficile

colonization by, in hospitalized pa-
tients, 74

toxins from, resulting in colitis, 293
Cluster of differentiation (CD) number,

589
Coagulation, 39–49
Coagulation cascade

in sepsis, and septic shock, 99
in wound repair, 77

Coagulation disorders
immune, 45
preoperative management of,

133–134
Coagulation effects, in pneumoperi-

toneum, 158
Coagulopathy, 111

association with hypothermia and
shock, 101

dilutional, in surgery, 54
from hetastarch administration, 97
medication to minimize, after by-

pass surgery, 575
Coarctation of the aorta, 440, 565
Cochrane Database of Systematic re-

views, 8–9
Cohort studies, 4

outcomes studies as, 6
Colectomy, total

abdominal, 302
blind, in gastrointestinal hemor-

rhage, 291
with ileorectal anastomosis, in fa-

milial adenomatous polyposis,
307

Colic, biliary, pain of, 221
Colitis

antibiotic-associated, 142
bacterial, 293

Collagen
degeneration in, in aortic dissection,

435
vascular disorders involving, 535
in wound repair, 78

Collagenases, for treating wounds, 86

Collateral circulation, protection from
cerebral ischemia by, 423

Collins solution, for organ preserva-
tion, 604

Collis gastroplasty, for shortened
esophagus, in scleroderma, 182

Colloid, fluid resuscitation using, 97
Colon, 281–323

injuries to, penetrating, 362–363
Colonic inertia, 295–296
Colonoscopy

in assessing diverticular disease, 290
for screening for colorectal cancer,

298
Colorectal cancer

incidence of, 296
metastatic

to the liver, 243–245
therapy for, 304–305

perforated, 304
Colorectal dysplasia, risk of, in ulcera-

tive colitis, 288
Comorbidities, in aged trauma pa-

tients, 91–92
Compartments

of the intestinal epithelium, 252
mediastinal, 550–551

Compartment syndrome
intraabdominal, in abdominal

trauma, 364
in vascular trauma, 488–489
See also Abdominal compartment

syndrome
Compensated shock, avoiding progres-

sion to class IV shock, 95
Compensatory mechanisms/responses

in aortic insufficiency, 578
in hypovolemic shock, 95
maladaptive, leading to cardiogenic

shock, 98
Complement, role in the immune re-

sponse, 65
Complement cascade

classical, 590
in wound repair, 77

Compliance, assessing, in selecting pa-
tients for renal transplantation,
610

Complications
of acute appendicitis, 270–271
of angioplasty, iliac, 495
of cardiopulmonary bypass, 569
of cholecystectomy, open, 228
of colonic diverticula, and surgical

intervention, 290
of coronary artery disease, surgical

treatment of, 576
of Crohn’s disease, 259

perianal, 287
surgery to manage, 287

of endovascular procedures, 494
of heart transplantation, 650–651

of hemorrhoids, 310
of heparin administration, 473
hepatobiliary, in ulcerative colitis,

289
of hydatid cysts of the liver, 240–241
of hyponatremia correction, central

pontine myelinosis, 32
infectious, of lung transplantation,

641–642
of laparoscopy, 161
of liver transplantation, from living-

related donors, 628
of Meckel’s diverticulum, 264
metabolic, aggravation with enteral

nutrition, 20–21
of nutrition

intravenous and enteral, 13, 138
parenteral, 24–25
parenteral, central (table), 24

of pancreas transplantation, 619–620
of pancreatic pseudocysts, 208
perioperative, in carotid endarterec-

tomy, 428
postoperative

in carotid endarterectomy, 429
in lung transplantation, 640–642
and postinjury, in abdominal

trauma, 364
in splenectomy, 332

of renal angioplasty, 497
of renal transplantation

medical, 613
postoperative, 612

of resection for chronic pancreatitis,
207

of shock and resuscitation, 101–102
of splenectomy, 331–332
of surgery

for groin hernias, 342–343
for ulcerative colitis, 290
for ulcers, 189–191

of tube feeding, 20–21
valve-implant related, 581–583
vascular, of liver transplantation, 628

Compression therapy, for chronic ve-
nous insufficiency, 475–476

Compressive cardiogenic shock, 99
Computed tomography (CT)

in abdominal trauma, 356
in acute abdomen evaluation, 151–152
in acute pancreatitis assessment, 203
in adrenal gland assessment, 390
in aortic dissection evaluation,

436–437
in biliary system dysfunction, 222
contrast enhanced, for severe acute

pancreatitis, 204
in descending necrotizing medias-

tinitis, 548
in differentiating small-bowel ob-

struction from paralytic ileus,
258
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Computed tomography (CT) (continued)
in diverticular disease, 290
for diverticulitis evaluation, 291–292
in fibrosing mediastinitis, 549
helical and spiral, for vascular

trauma evaluation, 483
in hepatic cyst evaluation, 238
in hepatocellular carcinoma diagno-

sis, 241
in lung cancer diagnosis, 510
in mediastinal lesions, 551
in neurological dysfunction, 105
in painless jaundice, 209
in pancreatic calcification diagnosis,

206
in parathyroid abnormality identifi-

cation, 372
in retroperitoneal sarcoma, 686
in small intestine obstruction,

255–256
in superior vena cava syndrome, 549
in thoracic aortic aneurysm evalua-

tion, 438
in thoracic aortic injury, 486
use for trauma patients

to investigate abdominal trauma,
91

to investigate thoracic trauma, 521
Concordant xenografts, 600
Condylomata acuminata, 313–314
Condylomata lata, associated with

secondary syphilis, 314
Confidence intervals, for evaluating

treatments, 10–11
Congenital anomalies

of the abdominal wall, 352
arterial, 440
of coagulation, 44
diaphragmatic hernias, 352–353, 706
giant nevi, 672
heart disease related to, 559
in hepatic fibrosis, portal hyperten-

sion accompanying, 245
in hereditary nonpolyposis coli syn-

drome, 307–308
of the lung, 705–706
pericardial, 545
pulmonic stenosis, 564–565
in sickle cell anemia, 330
of the small intestine, causing her-

nias, 257
in thalassemia, 330

Congenital cystic adenomatoid malfor-
mation (CCAM), 705

Congenital cysts
liver, 236–237
mediastinal, 555
pancreatic, 213

Congenital lobar emphysema (CLE),
705

Congestive heart failure (CHF)
in left-to-right shunt, congenital, 559

perioperative management in, 128
from valvular dysfunction, 578–580

Conjoined tendon, 337
Connective tissue, abnormalities asso-

ciated with hernias, 337
Consensus Development Conference on

the Treatment of Early Breast
Cancer, recommendation on
lumpectomy plus radiation for
stage I or stage II tumors, 665–666

Constipation, evaluating, 296
Constrictive pericarditis, 541–542

radiation-induced, 545
Contact dissolution, for dissolving

gallstones, 228
Continuous venovenous hemodialysis

(CVVHD), 110
Contraction

colonic, types of, 283–284
of open wounds, 79

Contraindications
to cadaveric kidney donation, 610
to direct enteral feeding, 18–19
to ileal pouch-anal anastomosis

surgery, 290
to liver transplantation, 623
to lung resection, in non-small cell

lung carcinoma, 513–514
to sentinel lymph node dissection,

666–667
to systemic lytic therapy, 473
to thrombolytic therapy, 572

Contrast venography, for diagnosing
deep venous thromboembolism,
471

Cooper’s ligament (pectineal ligament)
anatomy of, 337
use of, in hernia repair, 339–340

Coronary artery bypass grafting
(CABG), carotid disease in pa-
tients scheduled for, 425

Coronary artery disease, 569–576
assessing before lung transplanta-

tion, 638
Coronary Artery Surgery Study (CASS),

572–573
Corticosteroids

adrenal insufficiency from high-
dosage administration of, 100

for Crohn’s disease treatment, 285
impairment of wound healing by,

83–84
for preventing allograft rejection,

598, 650
side effects of, 289
ulcerations induced by, 265
See also Steroids

Corticotropin, levels of, in hypoadrenal
shock, 100

Cortisol
as a glucocorticoid, 389
levels of, in hypoadrenal shock, 100

Cost
of computed tomography versus in-

appropriate treatment for acute
appendicitis, 272–273

of endovascular aneurysm repair,
499–500

of perioperative care, 127
Costimulation molecules

in allograft rejection, 596
B-7, 591
blockade of, in immunosuppression,

600
upregulation of, mediation of T cell

activation by, 591, 595
Costimulation receptors

of lymphocytes, 589
in T-cell receptor binding, 591

Cosyntropin, testing for adrenal insuf-
ficiency with, 135

Coumarin/coumarin derivatives
anticoagulation effects of, 41

managing perioperatively, 45–46
for anticoagulation therapy after

valvular replacement, 582
restoration of normal coagulation af-

ter therapy using, 41
Criteria, for cardiovascular dysfunction

diagnosis, 105–106
Critical care

developments in, 89–90, 127
monitoring techniques and compli-

cations in, 113–117
systematic approach to, 105–111

Crohn’s disease (inflammatory bowel
disease), 256, 258–260, 284–288

comparison with ulcerative colitis,
286

differentiating from acute appendici-
tis, 273

risk of adenocarcinoma in, 262
risk of colorectal cancer in, 297

Crohn’s stricture, obstruction related
to food particles at, 256

Cross-linking, of antibodies, 593
Crush injuries, to the extremities,

management of, 488
Cryoprecipitate, plasma fraction, pro-

hemostatic agents in, 42–43
Cryopreservation, of parathyroid tis-

sue, 375
Cryotherapy

for colorectal liver cancer metasta-
sis, 244–245

for hepatocellular carcinoma, 243
Crypt compartment, of the small in-

testine, 252
Cryptococcus neoformans, treating, 74
Cryptorchidism, 714
Cryptosporidium parvum, diagnosis of,

293
Crypts of Lieberkuhn, abscesses in, in

ulcerative colitis, 289
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Crystalloid, replacing blood loss with,
29, 96–97

Culture
blood, to identify the source of bac-

teremia, 71
for identifying bacteria and fungi, 61
in managing intraabdominal infec-

tion, 73–74
Curling ulcers, 192
Cushing, Harvey, 394
Cushing’s syndrome, 392, 394
Cushing’s syndrome, associated with

lung cancer, 510
Cutaneous hypersensitivity, delayed,

as a marker of malnutrition,
13–14

Cutaneous malignant melanoma, adju-
vant therapy for, 676

Cutaneous vascular anomalies, 715
Cyanosis

in congenital cardiac lesions, 559
in congenital heart lesions, complex,

563–564
in pulmonary atresia with ventricu-

lar septal defect, 563
Cyclooxygenase

of the gastric epithelium, 188
inhibition of

to reduce fever, 140
by aspirin, 41

Cyclosporine
comparison with tacrolimus, effect

on heart transplantation, 649
effect on heart transplantation, 649
effect on ulcerative colitis, 289
as a maintenance agent in allograft

rejection, 598–599
sensitivity to, in renal transplanta-

tion, 612
Cystadenocarcinoma, mucinous

liver, 238–239
prognosis in, 213

Cystadenomas, liver, 238–239
Cystic artery, of the gallbladder, 219
Cystic cavity, management of, after

surgery, 240
Cystic duct, between the gallbladder

and the common hepatic duct,
219

Cystic fibrosis
family history of, association with

meconium ileus, 710
lung transplantation for treating, se-

lection criteria, 637
pancreatic cysts in, 199, 214

Cystic papillary neoplasms
pancreatic, 214

Cystic tumors, pancreatic, 213–214
Cysts

breast, evaluating, 660
esophageal, 179
hepatic, traumatic, 238

liver, 236–241
mediastinal congenital, 555
nonparasitic, in the spleen, 326
parasitic, of the spleen, 326
pericardial, 545

Cytokine release syndrome, from
OKT3, 599

Cytokines
human, properties of, 594
immune response by, 65, 593
responses of, in burn injury, 124
role of

in allograft rejection, 596
in febrile reactions to blood trans-

fusion, 51
in septic shock, 99

See also Interleukin entries
Cytolytic pathways, activation by the

innate immune system, 590
Cytolytic therapy, for acute rejection

in heart transplantation, 650
Cytomegalovirus (CMV)

colitis associated with infection by,
293–294

infection by
in liver transplantation, 630
in lung transplant patients, 641
in organ transplant patients, 74

transfusion-transmitted, 51
Cytotoxicity

antibody-mediated, 593
T-cell mediated, 592, 596

D
Daclizumab, monoclonal antibody for

immunosuppression, in liver
transplantation, 628

Damage control, in abdominal trauma,
358–359

Databases, for meta-analysis
EMBASE as a source of, 8
MEDLINE as a source of, 8

D cells, of the islets of Langerhans,
201

D-dimers, serological marker
for pulmonary embolism, 473
for venous thromboembolism, 471

Deep femoral artery, for salvage of is-
chemic limbs, 462

Deep venous thrombosis (DVT)
chronic disability from, 469
risk of, 489
valvular incompetence secondary to,

475
Delayed gastric emptying, after gastric

surgery, 190
Delayed graft function (DGF), 603
Delorme procedure, transanal, 313
Demographics, of melanoma, 671
Deoxyspergualin, immunosuppression

by, 600

Descending necrotizing mediastinitis
(DNM), 547–548

Desmopressin (deamino-D-arginine va-
sopressin)

for counteracting the antihemostatic
effect of aspirin, 45

effect on von Willebrand factor in
plasma, 43

enhancement of von Willebrand fac-
tor levels by, 44

for reducing blood loss in coronary
artery bypass surgery, 46–47

for reducing blood loss in surgery,
randomized trials, 56

Desmosomes, intestinal, 252
Devascularization, to eliminate bleed-

ing from varices, 247
Dexamethasone suppression test, for

diagnosing Cushing’s syndrome,
394

Diabetes insipidus, hypernatremia
caused by, 32

Diabetes mellitus, 617
association with pancreatic cancer,

208
end-stage renal disease in, 607
heart transplantation for patients

with, 645
management of, in surgery, 139
parenteral nutrition for patients

with, 24
risk of arterial disease of the lower

extremity, 459
silent ischemia in, 571
type II, accompanying glucagonoma,

407
wound healing in patients with, 83

Diabetic ketoacidosis (DKA), 139
Diabetic neuropathy, after pancreas

transplantation, 620
Diagnosis

of abdominal compartment syn-
drome, 102

in abdominal trauma, initial, 355–358
of acute mesenteric ischemia, 453
of allograft rejection, 628–629
of aneurysms

splenic artery, 450
thoracic aortic, 438

of aortic dissection, 435–437
of aortoiliac occlusive disease, 452
of bile duct cancer, 231
of biliary system pathology, 221–222
of carcinoid disease, 411
of cardiac tamponade, 521
of cardiovascular dysfunction,

105–106
of Clostridium difficile infection,

293
comparisons of methods for evaluat-

ing abdominal trauma, blunt
and penetrating, 357
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Diagnosis (continued)
of deep venous thromboembolism,

471
of descending necrotizing medias-

tinitis, 547–548
of disordered pharyngoesophageal

swallowing, 172
of disseminated intravascular coagu-

lation, 48
of esophageal damage, in caustic in-

gestion, 182
of esophageal perforation, 181
of gallbladder cancer, 229
of gastrinoma, 417
of gastroesophageal reflux, 175
of head and neck cancer, 692–693
of hepatic adenomas, 236
of hepatocellular carcinoma,

241–242
of hernias, 338
of hiatal hernia, 178
of hydatid cysts of the liver, 240
in infectious colitides, 292
of inhalation burn injuries, 121
of insulinoma, 403
of liver allograft rejection, acute, 629
of lung abscess, 525
of lung cancer, 510–512
of malignant carcinoid syndrome, 263
of malignant esophageal tumors, 179
of Meckel’s diverticula, 264
of mediastinal cysts, 555
of mediastinitis

fibrosing, 549
postoperative, 548

of melanoma, 672–673
of nosocomial pneumonia, 523–524
of pancreatic cancer, 209
of pancreatitis

acute, 202–203
chronic, 206

of parasitic cysts of the spleen, 326
peritoneal lavage for, in evaluating

abdominal trauma, 91
of pheochromocytoma, 395
of pneumothorax, 528–529
prenatal, of congenital diaphragmatic

hernia, 706
of pulmonary insufficiency, 107
of renal artery occlusive disease, 454
of renal dysfunction, 110
of sigmoid volvulus, 295
of small bowel obstruction, 255
of small intestine neoplasms,

260–261
of soft tissue sarcoma, 682
of spastic esophageal disorders,

173–174
of Takayasu’s arteritis, 442–443
of temporal arteritis, 442–443
of thoracic aortic aneurysm, post-

traumatic, 439

of thoracic outlet disorders, 443
of transposition of the great arteries,

with echocardiography, 563
of valvular heart disease, 579
of Zollinger-Ellison syndrome, 417
See also Differential diagnosis

Diagnostic imaging. See Imaging
Dialysis

access to, 607–615
indications for, 110

Diaphragm
eventration of, 706
injury to

in abdominal trauma, 363
in splenectomy, 332

rupture of, in thoracic trauma, 522
Diaphragmatic hernia, 178–179
Diaphragmatic pump, 148
Diarrhea

during enteral feeding, 20, 138
postvagotomy, 191
secretory, in vasoactive intestinal

peptide tumor, 407
Diastasis recti, 350
Diet

and colorectal cancer, 297
and diverticular disease, 290
nutrient, types of, 15–16
protective role in epithelial neopla-

sia, 691
See also Nutrition/nutritional support

Dietary requirements, determining,
17–21

Differential diagnosis
of the acute abdomen, 152–154
of acute appendicitis, 273–274

in immunocompromised patients,
277

of constrictive pericarditis, 542
of diabetic ketoacidosis, 139
of groin masses, 338
of hepatic adenomas, 236
of hypercalcemia, 371
of hypergastrinemia, 405
of ischemic colitis, 294
of pleural effusion, 532
of renal transplant dysfunction, 613
of shock states, 100
of small intestine neoplasms, 260

Diffuse pleural thickening, 535–536
Digestion

in the colon, 284
in the small intestine, 252–253

Digestive enzymes, pancreatic produc-
tion of, 201

Digital subtraction angiography (DSA),
to evaluate vascular trauma, 482

Digital subtraction arteriography, for
evaluating parathyroid glands,
372

Dipyridamole, inhibition of phosphodi-
esterase by, 41

Directed blood donation, risks of,
54–55

Direct hernia, of the inguinal canal,
335–336

Discordant xenografts, 600
Disease, transfusion-transmitted,

51–52
Disseminated intravascular coagula-

tion (DIC)
association with transfusion, 54
in soft tissue infection, 47–48

Distal aortic implantation, evaluation
of, 498

Distal dissection, acute, surgical treat-
ment of, 439

Distal ileum, gallstone obstruction in,
258

Diverticular disease, 290–292
Diverticulitis

age at presentation, 291
differentiating from acute appendici-

tis, 273
Diverticulosis, treatment of, 290

in an outpatient setting, indications
and contraindications for, 292

Dobutamine
in management of shock, 101
for treating cardiogenic shock, 99

Donors
for intestinal transplantation, 631
for kidney transplantation, manage-

ment of, 610–611
for lung transplantation, operative

procedure, 639
selection of

issues in heart transplantation, 645
for liver transplantation, 624–625
for lung transplantation, 638–639
for pancreas transplantation, 618

See also Living donor; Living-related
donor (LRD)

Dopamine, in management of shock,
101

Double-contrast barium enema, for
screening for cancer, 298

Down syndrome (trisomy 21)
association with Hirschsprung’s dis-

ease, 710–711
atrioventricular canal defect in, 562
congenital heart disease in, 559

Doxorubicin (Adriamycin), for treating
soft tissue sarcoma, 686

Drainage
catheter, in treating Crohn’s perianal

abscess, 287
percutaneous, of pancreatic pseudo-

cysts, 208
Dressler’s syndrome, 543–545
Drop attacks, subclavian steal as a

cause of, 441
Drug abuse, femoral artery pseudoa-

neurysms as a result of, 465
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Drugs
association with blood loss and

transfusion, 56
fever from, 140–142
mucosal ulceration and strictures

from use of, 256
senescent gynecomastia attributed

to, 661
for treating hydatid cysts of the

liver, 240
See also Medications

Dual-agent antibiotic therapy, clinical
trials, 70

Dual listing of hearts for transplanta-
tion, 645–646

Ductal carcinoma in situ (DCIS), 662
Dumping syndrome, after vagotomy,

187, 191
Duodenal injuries, in abdominal

trauma, 362
Duodenal obstruction

in the newborn infant, 709
relief of, in pancreatic cancer, 212

Duodenal stump, disruption of, after
reconstruction of an antrectomy,
190–191

Duodenal ulcers, 187
Duodenotomy, for gastrinoma manage-

ment, 410
Duodenum, 185–197
Duplex ultrasound (DUS), for diagnos-

ing proximal vein deep venous
thromboembolism, 471

Dysplastic nevus syndrome, 672

E
Ebstein’s anomaly, surgical treatment

of, 565–566
E-cadherin, location in the intestinal

epithelium, 252
Echinococcus, hydatid disease caused

by, 239
Echocardiogram/echocardiography

in acute pericarditis, 540
in cardiogenic shock, 98
in constrictive pericarditis, 542
for diagnosis of valvular heart dis-

ease, 579
for ischemic heart disease diagnosis,

440
for myocardial contusion diagnosis,

523
for myocardial function determina-

tion, 106
in pericardial effusion, 540

Ectopia cordis, cleft sternum with, 
707

Edema
effect on cellular hypoxia, 99
pulmonary, in inhalation burn pa-

tients, 121

Edrophonium test (Tensilon test), for
evaluating esophageal symp-
toms, 171

Efficacy trial, defined, 5
Ehlers-Danlos syndrome

aortic dissection associated with,
435

hernias associated with, 337
Eicosanoids, mediation of primary he-

mostasis reactions by, 39
Eisenmenger syndrome, 559

in ventricular septal defect, un-
treated, 561

Ejection fraction, right ventricular, 116
Elastic band ligation, for treating hem-

orrhoids, 310
Elastin, degeneration in, in aortic dis-

section, 435
Electrical injuries, evaluating burns as-

sociated with, 120
Electrocardiogram/electrocardiography

(EKG)
for diagnosis

of acute pericarditis, 540
of cardiogenic shock, 98, 106

for evaluation
of myocardial contusion, 523
of myocardial ischemia, 571
of valvular heart disease, 579

Electrocardiographic pulse monitoring,
of premature infants, 701

Electrocautery, for cancer of the rec-
tum, 303

Electrolyte balance
management in the newborn infant,

703
in patients with acute renal failure, 24
perioperative, 29–37
role of the colon in maintaining, 283

Electrolytes
imbalances of, with enteral feeding,

20–21
requirements for, 29–31

Embolic occlusion, acute, 464
of a mesenteric artery, 453

Embolism
in percutaneous transluminal angio-

plasty, 497
pulmonary, pleural effusions accom-

panying, 534
Embolization

carbon dioxide, signs of, 163
cerebral ischemic event caused by,

423
hepatic artery, for treating intrahep-

atic aneurysms, 451
splenic artery, 450–451

Embryogenesis
of the adrenal gland, 390
of chromaffin cells, 410
of the colon, 281
of neuroendocrine tumors, 401

of the parathyroid glands, 369
of the pleural cavity, 527
of the spleen, 325
umbilical hernias from error in, 350

Embryology, of the pancreas, 199
and gastrointestinal tract, 401

Emergency care
acute bleeding in, 54
rapid response to injuries in trauma,

89
Emergency department thoracotomy

(EDT), 100–101
Emergency Medical Services (EMS)

community, opinions about the
trauma decision paradigm,
90–91

Emergency surgery, for closing abdom-
inal wall defects, 351

Empyema, management of, in benign
exudative pleural effusions, 534

Encephalopathy, protein intake restric-
tion in, 24

Endarterectomy, for atherosclerotic le-
sions of the proximal renal ar-
teries, 455

Endocarditis
bacterial, in burn patients, 125
prophylaxis in, 68

for nondental procedures, 135
in valvular replacement, 583

Endocavity radiotherapy, transanal, in
cancer of the rectum, 303

Endocrine disorders, abdominal pain
in, 153

Endocrine function, of the pancreas,
201

Endoleak, aneurysm dilatation in the
absence of, 501

Endolumninal techniques, for abdomi-
nal aortic artery aneurysm re-
pair, 450

Endometriosis, problems related to,
differentiating from acute appen-
dicitis, 274

Endomyocardial biopsy, after heart
transplantation, 649–650

Endoscopic laser therapy, for recurrent
unresectable colorectal cancer,
305

Endoscopic retrograde cholangiopan-
creatography (ERCP), in diagno-
sis

of acute pancreatitis, 203
of bile duct cancer, 231
of chronic pancreatitis, 206

Endoscopic retrograde cholangiopan-
creatography (ERCP), in diagno-
sis, of hydatid cysts of the liver,
240

Endoscopic retrograde cholangiopan-
creatography (ERCP), in diagno-
sis, of pancreatic cancer, 209
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Endoscopic sphincterotomy, in gall-
stone pancreatitis, clinical trial
outcomes, 203–204

Endoscopic ultrasound, for localization
of carcinoids, 411
of gastrinomas, 407

Endoscopy
for decompression in volvulus, 295
for diagnosing ulcerative colitis, 288
for dilatation in Crohn’s strictures,

259
for drainage for pancreatic pseudo-

cysts, 208
for evaluation, of abnormalities of

the esophagus, 170–171
for management

of benign adenomas, 301
of upper gastrointestinal hemor-

rhage, 191
for variceal bleeding evaluation, 246

Endotracheal intubation, in pulmonary
contusion, 522

Endovascular aneurysm repair
of the abdominal aortic artery, 450
distal attachment, 498
proximal attachment, 498–501

Endovascular repair
for aortoiliac occlusive disease, 453
innominate, subclavian and axillary

arteries, 442
for vascular trauma injuries, 485

End-stage renal disease (ESRD), rate of
increase in prevalence of, 607

End-to-end anastomosis, for arterial re-
construction in vascular trauma,
484

Energy. See Metabolism
Entamoeba histolytica, diagnosis and

treatment of infection by, 293
Enteral nutrition, 18–21

diet in, 15–16
for the newborn infant, 703
versus parenteral nutrition, random-

ized prospective studies, 14–15
randomized prospective trials evalu-

ating, 138
See also Nutrition/nutritional sup-

port; Parenteral nutrition
Enterocolitis, necrotizing, 711
Enterocytes, of the villus compart-

ment, small intestine, 252
Enteroendocrine cells, peptides re-

leased by, 254
Enteroglucagon, secretion by neuroen-

docrine cells in the small intes-
tine, 254

Enterotomy, with cholecystectomy,
mortality in, 258

Environmental smoke exposure, and
lung cancer, 508–509

Enzymes, of the pancreatic digestive
system, 201

Epidemiology
of bile duct cancer, 230
of carcinoid disease, 410
of colorectal cancer, 296
of descending necrotizing medias-

tinitis, 547
of fibrosing mediastinitis, 549
of gallbladder cancer, 229
of head and neck cancer, 691
of hepatocellular carcinoma, 241
of inguinal hernia, 338
of lower extremity ischemia,

459–460
of lung cancer, 508
of mediastinitis, 548
of melanoma, 671
of neuroendocrine tumors, 401
of soft tissue sarcoma, 681
of superior vena cava syndrome, 549
of venous thromboembolism, 469

Epidermal cells, synthesis of collagen
by, 78

Epidermal growth factor, role in
wound healing, 82

Epidermoid carcinoma, of the anal
canal, 315

Epigastric hernias, 350
Epinephrine, for management of shock,

101
Epiphrenic diverticula, diagnosis and

treatment, 175
Epithelialization, in wound healing,

79–80
Epithelium

of the colon, 281
intestinal, functions of, 252–254
of the rectum, 282

Epitope, defined, 589
Epstein-Barr virus (EBV), infection by

following liver transplantation, 630
following lung transplantation, 641
and nasopharyngeal carcinoma, 691
treating, 74

Equipment, for laparoscopic surgery,
157–158

Erdheim’s cystic medial necrosis, 435
Erysipelas, systemic toxicity in, 72
Erythema nodosum, association with

Crohn’s disease, 284
Erythrocyte sedimentation rate (ESR),

in temporal arteritis, 442
Erythromycin, as a motilin receptor

agonist, 255
Erythropoietin, recombinant human

(rhEPO), for stimulating red
blood cell production, 56

Escharotomy, for managing circumfer-
ential burns, 123

Escherichia coli, diagnosis and treat-
ment of infection by, 293

Esophageal body, motor disorders of,
172–174

Esophageal dilation, for treating acha-
lasia, 172–173

Esophageal diverticula, 174–175
Esophageal endoscopic ultrasound

(EUS), for mediastinal lesion
evaluation, 552

Esophageal function, assessing,
170–171

Esophageal malignancy, in achalasia
patients, 172

Esophageal manometry, for diagnosing
achalasia, 172

Esophageal perforation, benign exuda-
tive pleural effusions in, 535

Esophageal trauma, 522
Esophagectomy, comparison of tech-

niques, 180
Esophagitis, healing rates, proton

pump inhibitors versus H2 re-
ceptor antagonists, 176

Esophagogastric surgery, laparoscopic,
164

Esophagogram
barium, for diagnosing epiphrenic di-

verticulum, 175
contrast, 170
for trauma evaluation, 522

Esophagoscopy
flexible and rigid, 170–171
for trauma evaluation, 522

Esophagus, 167–184
congenital anomalies of, 707–708

Estrogens, conjugated, effects on pri-
mary hemostasis, 43

Etiology
of aortic dissection, 435
of atherosclerosis, 441
of brain dysfunction, 106
of cardiovascular dysfunction,

105–106
of chronic mesenteric ischemia, 454
of congenital heart disease, 559
of degenerative aneurysmal disease,

437–438
immunological, of inflammatory

bowel disease, 289
of inguinal hernias, 337–338
of intestinal fistulae, 260
of large vessel vasculitides, 442
of mesenteric ischemia, acute, 453
of pancreatitis, chronic, 206
of pneumonia, in surgical patients,

523
of portal hypertension, 245
of primary aldosteronism, 393
of pulmonary dysfunction, 107
of renal artery aneurysms, 451
of renal dysfunction, 110
of superior mesenteric artery

aneurysms, 451
of thoracic aortic aneurysm, 438
See also Pathogenesis
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European Respiratory Society, standard
for selecting lung transplant re-
cipients, 637

Evaluation
comparison of diagnostic methods in

blunt and penetrating abdominal
trauma, 357

in Crohn’s disease, ongoing, 284
of the living donor, liver transplanta-

tion, 627
of malabsorptive conditions, 265
of vascular trauma, 481
See also Diagnosis; Laboratory eval-

uation
Evidence

assessing, 8–9
for evaluating perioperative care, 127
levels of, 7–8
providing through studies and trials,

3–4
quality of, for evaluating surgical

practice, 7–8
Evidence-based approach

guidelines in, for red blood cell and
plasma transfusion, 137

for preventing venous thromboem-
bolic disease in surgical pa-
tients, 132

for red blood cell transfusion, 137
to surgery, 3–11

Evidence-based medicine, defined, 3
Excision margins, for nonmelanoma

skin cancer surgery, 678
Exercise oxygen consumption, as an

indicator of morbidity and mor-
tality in lung surgery, 513

Exercise testing, to evaluate claudica-
tion, 460

Exocrine function
of the pancreas, 201
pancreatic secretions, metal-stimu-

lated, 201
Exocrine leak, after pancreas transplan-

tation, 619
Exocrine secretions, bladder versus en-

teric drainage of secretions, in
pancreas transplantation,
618–619

Exploration, in hyperparathyroidism,
technique, 374

Exposure, for the stomach, in opera-
tions for peptic ulcer disease,
188

External beam radiotherapy (EBRT) for
soft tissue sarcoma manage-
ment, 683, 685

Extraanatomical procedures, bypass for
aortoiliac occlusive disease,
452–453

Extracellular matrix (ECM)
interaction with growth factors, 82
in wound repair, 78

Extracellular volume (ECV), 29
Extracorporeal shock wave lithotripsy

(ESWL), 228
Extracranial carotid artery, angioplasty

and stenting, 497–498
Extramucosal myotomy, 708
Extravascular fluid, sequestration of

in hypovolemic shock, 95
intraoperative, 30

Extremities, vascular trauma of,
487–488

Exudative effusions, 532–533

F
Factor VIIa, recombinant, for clinical

use as a prohemostatic agent, 43
Factor XIII, deficiency of, effect on he-

mostasis, 44
Familial adenomatous polyposis (FAP)

adjuvant therapy in, 307–308
association with thyroid cancer, 383

Familial disorders
breast cancer, 664
cancer syndrome, medullary thyroid

cancer associated with, 385
degenerative aneurysmal disease,

437–438
Mediterranean fever, abdominal pain

in, 153
pheochromocytoma, 395–396

Familial hypocalciuric hypercalcemia
(FHH), 371

Family history, and risk of colorectal
cancer, 297

Fas (CD 98) molecule, apoptosis fol-
lowing binding to, 591

Fasciotomy, in compartment syndrome
of the calf, 489

Fat, nutritional requirement for, calcu-
lating, 17–18

Fatty acids, omega-3, immunological
effects in the enteral diet, 15

Febrile reactions, risk of, in blood
transfusion, 51

Fecaliths, in acute appendicitis, 272
Fecal occult blood testing (FOBT), for

colorectal cancer screening, 297
Feedback, in the blood coagulation

system, 40
Felty’s syndrome, splenectomy for

treating, 330
Femoral artery aneurysm, 465
Femoral canal, anatomy of, 336
Femoral hernia

diagnosing, 338
repairing, 343

Femoral triangle, 336
Femoropopliteal reconstruction, for

claudication, 461
Fetal wounds, scarless repair of, 82
Fever

in biliary system disease, 221

noninfectious causes of, 140
in splenectomy, 332
in the surgical patient, 139–144

Fiber
for medical management of divertic-

ulosis, 290
in standard formulas for enteral

feeding, 20
Fibrin, deposition of, in disseminated

intravascular coagulation, 47
Fibrin-fibrinogen matrix, formation in

the proliferation phase of wound
repair, 77–78

Fibrin glue, for reducing bleeding peri-
operatively, 56

Fibrinogen uptake (FUT), iodine 125,
for diagnosing deep venous
thromboembolism, 471

Fibrinolytic system
agents for treating venous ulcera-

tion, 476
shutdown after major operations,

40–41
Fibroadenoma

of the breast, 661
juvenile, 661

Fibroblast growth factors, angiogenesis
stimulation by, 82

Fibroblasts, roles in wound repair,
77–78

Fibrocystic breast disease, 660
Fibromuscular dysplasia

of the extracranial carotid artery, 430
of the renal artery, percutaneous

transluminal angioplasty in,
493, 496

Fibroplasia, in the proliferation phase
of wound repair, 77–78

Fibrosing mediastinitis, 549
Fibrothorax, 535
Fick equation, 115
Filtration, in the spleen, 325
Fine-needle aspiration

to characterize mediastinal lesions,
552

to characterize thyroid masses, 382
to differentiate parathyroid and thy-

roid masses, 372
to evaluate a breast mass, 659–660

Fissures, anal, 309–310
Fistulas

in diverticulitis, 292
small intestine, treating, 260
treatment of, 309

Fistulizing disease, Crohn’s, conserva-
tive treatment of, in Crohn’s
disease, 285

Fistulotomy, in Crohn’s disease, 287
FK506 (tacrolimus). See Tacrolimus
Flail chest, 520–521
Flora, colonic, role in acute appendici-

tis, 270
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Flow rates, in cardiopulmonary bypass,
567

Fluid balance, peritoneal, 148
Fluid management

effect of replacement therapy on he-
mostasis, 47

in injured tissues, resuscitation of
burn patients, 121–122

after lung transplantation, 639
in the newborn infant, 703
perioperative, 29–37
postoperative resuscitation, 135
restriction in parenteral nutrition, 24

Fluid requirements, perioperative,
30–31

Fluids, body, maintenance of, 29–31
5-Fluorouracil (5-FU), for colon cancer,

305
Flush, associated with carcinoids, 411
Focal nodular hyperplasia (FNH), 718

in the liver, 236
Focused Abdominal Sonogram for

Trauma (FAST), 91
Follow-up

for patients with melanomas, 676
for patients with thyroid cancer, 385
in women with a history of breast

cancer, 655
Fontan operation, in tricuspid atresia,

563
Foramen of Morgagni hernia, 706
Foramen ovale, shunting across, in

premature infants, 701
Foreign-body ingestion, 266
Formulas

for central and peripheral venous so-
lutions, 21–22

enteral, 20
Frank-Starling curve, 578
Frozen section evaluation, of thyroid

nodules, 383
Functions, of the pericardium, 539
Fungal infections, 74

benign exudative pleural effusions
in, 534

fungemia in high-risk patient popu-
lations, 71

intraabdominal, treating, 73
following transplantation

liver, 630
lung, 641

Fungi, identifying, 61–62
Furosemide, calcium excretion due to,

34
Furunculosis, treating, 72

G
Galactography, for evaluating nipple

discharge, 661
Gallbladder

cancer of, 229–230
empyema of, 225
sludge in, 224

Gallstone ileus, 225–227
small intestine obstruction in, 258

Gallstone pancreatitis, management of,
203–204

Gallstones
asymptomatic, 224
classification of, 222–223
nucleation of, 223

Gamma irradiation, to eliminate graft-
versus-host disease in blood
transfusion, 51

Ganciclovir, prophylaxis with, for cy-
tomegalovirus infection after
heart transplantation, 650

Gangrenous bowel, resection of
in cecal volvulus, 295
with primary anastomosis or

colostomy, 295
Gangrenous ischemic colitis, 294
Gap junctions, of the small intestine,

251
Gardner’s syndrome, 307, 681
Gas-phase disorders, of the pleural

space, 528–532
Gastric bypass, for obesity, controlled

trials, 196
Gastric content, assessing esophageal

exposure to, 171
Gastric outlet obstruction, 192
Gastric pacemaker, 186
Gastric remnant carcinoma, 193
Gastric ulcer, 188
Gastrin

role in acid secretion by parietal
cells, 186

serum levels of, in gastrinomas, 
407

Gastrinoma, 405–407, 408–409
association with multiple endocrine

neoplasia type 1, 417–418
duodenotomy for managing, 410

Gastrin-releasing peptide (GRP), in the
stomach, 186

Gastroenteritis, differentiating from
acute appendicitis, 273

Gastroesophageal reflux disease
(GERD), 175–178

association with hiatal hernia,
178–179

laparoscopic fundoplication in, 164
pediatric, 708

Gastrointestinal cancer, risk of, in
Peutz-Jeghers syndrome, 262

Gastrointestinal dysfunction, 108
Gastrointestinal fluid losses, periopera-

tive, 30–31
Gastrointestinal system

abnormalities of, in infants and chil-
dren, 708–712

decompression in the surgical new-
born infant, 703–704

duplications of, 709–710
melanoma metastasizing to, 678

microbes of, 64
postoperative prophylaxis in, 138

Gastrojejunostomy, in duodenal ob-
struction accompanying pancre-
atic cancer, 212

Gastroparesis, and nutritional support,
14–15

Gastroplasty, vertical banded versus
horizontal, controlled trials
comparing, 195

Gastroschisis, 352
repair of, 713

Gastrostomy, endoscopic, for direct ad-
ministration of nutrition, 
18–19

Gender
and gallstone disease, 223–224
and hepatic cyst presentation, 238
and prevalence of intermittent clau-

dication, 459
and prognosis in melanomas, 674–675
and 30-year mortality in thyroid

cancer, 385
Genes

breast cancer susceptibility, 664
encoded by human leukocyte anti-

gen, 595
MENIN mutation, role in multiple

endocrine neoplasia, 370–371
mismatch repair, and colorectal can-

cer, 297
N-ras activation, in thyroid cancer,

383
p53, in thyroid cancer, 383
recombination-activating, RAG-1

and RAG-2, 591
ret, 383, 418
RET mutation, in multiple en-

docrine neoplasia type 2, 371
tumor suppressor, 297
See also Chromosomes; Proto-onco-

genes; Tumor suppressor genes
Genetic disorders

associated with abdominal pain,
153–154

associated with pheochromocy-
tomas, 394–395

associated with soft tissue sarcoma,
681

biliary calculous disease, 223–224
chronic pancreatitis, 206
See also Chromosomes; Congenital

anomalies; Familial entries
Genetics

of colorectal cancer, 297
of multiple endocrine neoplasia type

2, 418
Genetic transformation, to lung cancer

from normal tissue, 509
Gene transfer, in therapy for

melanoma metastases, 678
Genitofemoral nerve, entrapment of,

in hernia repair, 342
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Geographic distribution
of diverticular disease, 290
of gallstone disease by type, 222–223
of intestinal volvulus, 294

Germ cell tumors, 554
Giant cell arteritis (temporal arteritis),

431
Giant prosthetic reinforcement of the

visceral sac (GPRVS), 341
Giardia, diagnosis and treatment of,

293
Glands of Lieberkuhn, 281
Glasgow Coma Score (GCS)

and stress ulcer prophylaxis, 192–193
use by the emergency team, 89–90

Glucagon, source of, in the islets of
Langerhans, 201

Glucagon-like peptides (GLP), secre-
tion by neuroendocrine cells in
the small intestine, 254

Glucagonoma, 407
Glucocorticoids, 389–391

adrenal insufficiency from iatrogenic
administration of, 396–397

Cushing syndrome from iatrogenic
administration of, 394

deficiency of, abdominal pain in, 153
immunosuppressive influences of,

598
Glucocorticosteroids, for large vessel

vasculitides treatment, 442
Glucose

homeostasis of, in the newborn in-
fant, 702

nutritional requirement for, calculat-
ing, 17–18

Glutamine
in enteral feeding solutions, 15–16
in parenteral feeding solutions, 16

Glycopeptides, 66
Glycoproteins

inhibitors of receptor IIb/IIIa, an-
tiplatelet activity of, 41

platelet membrane, congenital defi-
ciencies of, 44

Glycosaminoglycans (GAGs),
hyaluronic acid, in wound re-
pair, 78

Goiter, 382
substernal, 552

Gonococcal proctitis, 313
Goodall’s rule, 309
Grading

of acute pulmonary allograft rejec-
tion, 641

of ductal adenocarcinomas, 213
of soft tissue sarcoma, 681–682
See also Classification; Staging

Grafts/grafting, interposition, poly-
meric, 484

Graft-versus-host disease (GVHD), in
blood transfusion, 51

Graham patch, 188

Granulation, in wounds, 78–79
Graves’ disease, 380–381
Great vessels, diseases of, 435–448
Gross anatomy, of the pleura, 528
Growth factors

application to wounds, 86
in wound healing, 81–82
at a wound site, list, 80

Guidelines
for antibiotic therapy in surgical pa-

tients, 67–68
for lung transplantation, disease-spe-

cific, 637–638
Gynecomastia, hormone imbalance in,

661

H
Hamartomas

of the breast, 661–662
mesenchymal, 718
of the spleen, 326

Harris-Benedict equation, for estimat-
ing body energy expenditure, 17

Hartmann procedure, mortality and
morbidity of, 304

Hashimoto’s thyroiditis, 381
H2-blockers, for treating duodenal ul-

cers, 187
Head and neck cancer, 691–697
Head injuries, emergency evaluation

of, 91
Heart disease

adult, 567–585
with carcinoid disease, 411
congenital, 559–566
heart failure in aortic stenosis, 578
See also Cardiac entries; 

Cardio entries
“Heartport” technique, to avoid me-

dian sternotomy in coronary
artery bypass graft (CABG),
574–575

Heart transplantation, 645–652
Helicobacter pylori (HP), in peptic ul-

ceration, 188
Hemangioendotheliomas, 326

degeneration to angiosarcomas, 717
Hemangiomas, 715

hepatic, 236, 717
of the spleen, 326

Hemangiosarcoma, 328
Hematological disorders, 111

as causes of fever, 142
splenectomy for, 329–330

Hematopoietic cells 
expressing major histocompatibility

complex molecules, 591
of the spleen, 325

Hemicolectomy
for cecal volvulus, 295
for primary adenocarcinoma or carci-

noid tumors of the appendix,
277

Hemoconcentration, in hypovolemic
shock, 96

Hemodialysis, intermittent, side ef-
fects of, 110

Hemodilution, acute normovolemic, 55
Hemodynamic instability

accompanying acute abdomen, dif-
ferential diagnosis in, 152

accompanying tension pneumotho-
rax, 520

Hemodynamic parameters
in adults, 116
formulas for calculating, list, 114–115

Hemodynamic performance
in constrictive pericarditis, 542
responses to carbon dioxide pneu-

moperitoneum, 158
of valve prostheses, 583

Hemoglobin, transfusion trigger in
surgery, 52–53

Hemolysis
delayed, as a risk in blood transfu-

sion, 51
in valve implantation, 582–583

Hemophilia, A and B, 44
clotting mechanism affected in, 40

Hemorrhage
in abdominal trauma, 355
control of, in emergency care, 90
in diverticulosis, 290–291
gastrointestinal, 108
hypovolemic shock arising from, 95
in patients with spinal cord injury,

100
in small intestine obstruction, 255
in splenectomy, 332
of the upper gastrointestinal tract,

191–192
See also Bleeding

Hemorrhoids, 282, 310–311
treating, in patients with Crohn’s

disease, 288
Hemostasis, 39–49
Hemothorax, 535

massive, in thoracic trauma, 520
Heparin

anticoagulant effects of, 41–42
in cardiopulmonary bypass, 567
for deep venous thromboembolism

prevention, 471
low molecular weight, for postopera-

tive venous thromboembolism,
46

for treating disseminated intravascu-
lar coagulation, 48

for venous thromboembolism treat-
ment, 473

Hepatectomy, recipient, for transplan-
tation, 626

Hepatic artery
aneurysms of, 451
complications involving, after liver

transplantation, 628
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Hepatic artery (continued)
embolization of, in palliation of car-

cinoid syndrome, 263, 412
Hepatic artery thrombosis (HAT), in

liver transplantation, 628
Hepatic dysfunction, parenteral nutri-

tion for patients with, 24
Hepatic failure, nutrition in, 18
Hepatic injuries, associated with ab-

dominal trauma, 359–360
Hepaticojejunostomy, for choledochal

cyst, 712
Hepatic perfusion, effect on, of pneu-

moperitoneum, 158
Hepatic portoenterostomy (Kasai pro-

cedure), in biliary atresia, 712
Hepatic resection, in metastatic col-

orectal cancer, 305
Hepatitides, drugs for treating, 67
Hepatitis virus infection

B
as an indication for liver trans-

plantation, 623
hepatocellular carcinoma associ-

ated with, 241
C

as an indication for liver trans-
plantation, 623

hepatocellular carcinoma associ-
ated with, 241

Hepatoblastoma, 717
Hepatocellular carcinoma (HCC),

241–243
pediatric, 717

Hepatoduodenal ligament, anatomy of,
220

Hereditary breast/ovarian/cancer
(HBOC) syndromes, 664–665

Hereditary nonpolyposis coli syn-
dromes (HNPCC), risk of colon
cancer in, 308

Hereditary syndromes
breast cancer, 664–665
fibropolycystic diseases, 237–238
risk of breast cancer in BRCA1 and

BRCA2 mutations, 656
spherocytosis, 329–330
See also Congenital anomalies; Fa-

milial entries; Genetic disorders
Hernias

groin, 335–350
incarcerated, 256
internal, 256–257
laparoscopic versus open repair, ran-

domized trials, 342
umbilical, 350, 713
ventral, patch repairs of, 350–351

Herpes proctitis, 313
Herpes simplex virus (HSV)

infection following liver transplanta-
tion, 630

treating with acyclovir, 294

Herpesviruses, drugs for treating, 67
Hesselbach’s triangle, 335
Hetastarch, for fluid resuscitation in

shock, 97
Heterograft tissue valves, 581
Heterotopic auxiliary heart transplan-

tation, 648
Hiatal hernia, 178–179
High-density formulas, for enteral

feeding, 20
Hilar cholangiocarcinomas, 231
Hirschsprung’s disease (congenital in-

testinal aganglionosis), 710–711
Histamine, stimulation of acid secre-

tion by, 186
Histological classification, of soft tis-

sue sarcoma, 681
Histology

of melanomas, 674
of nonmelanoma skin cancer, 678
and prognosis

in melanoma, 674–675
of well-differentiated thyroid can-

cer, 385
of the rectum, 282

Hodgkin’s disease, mediastinal, 555
Hodgkin’s lymphoma, of the spleen,

327–328
Hollenhorst plaques, in retinal arteries,

424
Homeostasis

calcium, 369
metabolic, restoring after surgery, 139
mineral, disorders of, 33–35
in the newborn infant, 702
potassium ion, disorders of, 32–33
sodium ion, disorders of, 31–32
See also Electrolyte balance

Hormones
evaluation of, adrenal gland,

392–393
risk of venous thromboembolism re-

lated to, 470
See also Corticosteroids; Steroids

Horner’s syndrome
in carotid dissection, 430
in mediastinal lesion presentation,

553
Host, defenses against microbes, 63–65
Howell-Jolly bodies, association with

hyposplenism, 326
H2-receptor antagonists, for controlling

acid hypersecretion, 408
�-Human chorionic gonadotropin,

serum levels of, 272
Human immunodeficiency virus (HIV)

infection
acute abdomen in, 155
Castleman’s disease associated with,

555
drugs for treating, 67
rate of, in trauma patients, 90

Human papilloma virus (HPV), 313
role in head and neck cancer, 691

Humoral immune response, 65
Hürthle cell neoplasm, 382
Hyaluronic acid, component of the ini-

tial wound matrix, 78
Hydatid cysts, liver, 239
Hydrocele, testicular, 713–714
Hydrocolloid occlusive dressings, for

treating venous ulceration, 476
Hydrocortisone, for hypoadrenal shock

treatment, 100
Hydrofluoric acid burns, calcium glu-

conate for treating, 122
5-Hydroxytryptamine (5-HT), diagnos-

tic levels of, in carcinoid dis-
ease, 411

Hyperacute rejection (HAR), 597
in liver allograft recipients, 629

Hyperaldosteronism, 392–394
Hyperbilirubinemia

in bile duct obstruction, 221
in the newborn infant, signification

of, 703
Hypercalcemia, 34

abdominal pain in, 153
hyperparathyroidism associated

with, 370
Hypercalcemic crisis, 371
Hypercapnia, in laparoscopy, 158–160
Hyperchloremic metabolic acidosis,

from body fluid maintenance so-
lutions, 30

Hypercoagulable states, 470
Hyperfusion syndrome, in carotid en-

darterectomy, 429
Hypergastrinemia, differential diagno-

sis of, 405
Hyperglycemia

control of, and complications, 617
from gluconeogenesis acceleration

after surgery, 139
hyponatremia accompanying, 31
perioperative, 139
in total parenteral nutrition, 138

Hyperglycemic hyperosmolar nonke-
totic coma, 139

Hyperkalemia, 33
life-threatening, preventing in peri-

operative fluid maintenance, 
31

Hyperlactatemia, and mortality, in re-
fractory shock, 106

Hyperlipidemia
and arterial disease of the lower ex-

tremity, 460
after renal transplantation, 613

Hypermagnesemia, treating, 34–35
Hypermetabolism, in burn patients,

125
Hypernatremia, in postsurgical pa-

tients, 31–32
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Hyperparathyroidism
hypophosphatemia in, 35
management of, 418
in multiple endocrine neoplasia-1

syndrome, 403, 417–418
primary

clinical manifestations of, 371
reoperation for, 374–375

secondary and tertiary, 374
Hyperphosphatemia

after parathyroidectomy, managing,
376

in renal dysfunction, 35
Hyperplasia

focal nodular, in the liver, 236
parathyroid, surgical management of,

374
Hypersplenism, 326
Hypertension

and arterial disease of the lower ex-
tremity, 460

association of, with degenerative
aneurysmal disease, 437

from excessive secretion of aldos-
terone, 393

malignant, alpha receptor-induced,
395

renal artery aneurysms associated
with, 451

due to renal artery occlusive disease,
454, 496

Hyperthermic isolated limb perfusion
(HILP), in soft tissue sarcoma,
685

Hyperthyroidism, 379–381
Hypertonic saline

for resuscitation in burn injury, 
122

for resuscitation in hypovolemic
shock, 97

Hypertonic solutions, parenteral nutri-
ent, administration of, 21

Hypertrophic scars, 84
Hypoadrenal shock, 100
Hypoaminoacidemia, accompanying

glucagonoma, 407
Hypocalcemia

causes of, 34
after parathyroidectomy, managing,

376
Hypocortisolism, shock secondary to,

100
Hypoglycemia

in insulinoma, 403
in total parenteral nutrition, 138

Hypokalemia
in diabetic ketoacidosis, 139
from excessive secretion of aldos-

terone, 393
perioperative, 33

Hypomagnesemia, 35
Hyponatremia, perioperative, 31–32

Hypoparathyroidism, after treatment for
hyperparathyroidism, aluminum-
related bone disease in, 374

Hypopharynx, treatment for cancer of,
695

Hypoplastic left heart syndrome, 564
Hyposplenism, 326
Hypotension

diagnosis of distributive shock in, 105
emergency treatment of, various ap-

proaches to, 91
in neurogenic shock, 100

Hypothalamic-pituitary-adrenal axis,
suppression of, in hypoadrenal
shock, 100

Hypothalamus, thyrotropin-releasing
hormone from, 379

Hypothermia
in cardiopulmonary bypass, 567
as a complication of cardiopul-

monary bypass, 569
as a contributing factor in coagu-

lopathy, 54, 101
for organ preservation, 603–604

Hypothyroidism, 381–382
Hypotonic saline, for treating diabetic

ketoacidosis, 139
Hypovolemia, severe, intravenous ac-

cess in, 96
Hypovolemic shock, 95–97
Hypoxemia, reversing, in pulmonary

insufficiency, 107

I
Iatrogenic injury

from administration of glucocorti-
coids, 394

chylothorax caused by, 535
internal hernia, 352
pneumothorax from, 531
thyrotoxicosis from inappropriate

dosage of thyroid hormone, 380
See also Nosocomial infections in

surgical patients
Identification, of microbes, 61–62
Idiopathic autoimmune hemolytic ane-

mia, 330
Idiopathic hyperaldosteronism (IHA),

393
differentiating from aldosterone-pro-

ducing adrenocortical adenoma,
393

Idiopathic pancreatitis, 205–206
Idiopathic pulmonary fibrosis (IPF),

lung transplantation for treating,
selection criteria, 637

Idiopathic thrombocytopenia purpura
(ITP), splenectomy for treating,
330

Ileal pouch-anal anastomosis, in
surgery for ulcerative colitis,
290

Ileostomy
continent, 290
diverting, in perineal Crohn’s dis-

ease, 287–288
Ileum, 251

terminal, inflammation in Crohn’s
disease, 284

Ileus, postoperative, in splenectomy,
332

Iliac aneurysms, 500
Iliac artery, percutaneous transluminal

angioplasty and stenting,
494–495

Iliopubic tract, anatomy of, 337
Imaging

adrenal, 390–392
diagnostic

in acute appendicitis, 272,
274–275

in mediastinal lesions, 551
in soft tissue sarcomas, 682

before endovascular repair, 500
before laparoscopic surgery, 157
to localize pheochromocytomas, 395
before parathyroid surgery, 371
of the thyroid, 379
See also Computed tomography

(CT); Magnetic resonance imag-
ing (MRI); Ultrasound/
ultrasonography

Immune coagulation disorders, 45
Immune function/immune system

acquired immunity
physiological, 590–595
specificity of, 590

alteration of, by splenectomy, 361
dysfunction of, 111
enteral feeding formulas for enhanc-

ing, 20
humoral and cellular immunity, 64–65
immunoglobulins

A (IgA), from lamina propria cells
of the small intestine, 254

binding of antigens to, 589
M (IgM), from lamina propria cells

of the small intestine, 254
opsonization mediated by,

592–593
innate immunity, defined, 589–590
intestinal, 253–254
of the spleen, 325

Immunocompromise
abscess drainage in, 309
and risk of complications in diverti-

culitis, 292
and treatment

of appendicitis, 277
of diverticulitis, 292

Immunology of transplantation,
589–602

considerations, in selecting patients
for renal transplantation, 610
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Immunomodulation
effect of blood transfusion on, 52
in treating Crohn’s disease, 285

Immunoradiometric assay (IRMA),
double-antibody, for parathyroid
hormone detection, 369

Immunosuppression, 598
condylomatous disease rates in, 313
in heart transplantation, 649–650
in hemorrhagic shock, 101
for intestinal transplantation, 632
after liver transplantation, 628
in lung transplantation, 640–642
maintenance, and graft survival, 620
in pancreas transplantation, 619
postoperative and posttraumatic, 160
in response to severe injury, 111
and skin cancer, 678
See also Rejection

Immunotherapy, for colon cancer, 305
Impedance plethysmography (IPG), for

diagnosing deep venous throm-
boembolism, 471

Impetigo, in burn wound, 124
Incarcerated hernias, 343
Incidentaloma, adrenal, 392–393
Incisional hernias, risk factors for, 350
Incontinence, in pelvic floor dysfunc-

tion, 311
Indications

for bilateral native nephrectomy,
609–610

for carotid endarterectomy, 424
for coronary artery bypass graft

(CABG), 572–573
for elective splenectomy, 329
for evaluation in abdominal trauma,

356
for iliac artery stent placement, 463
for interventional therapy, in valvu-

lar heart disease, 580
for intestinal transplantation, 631
for liver transplantation, 623–624

from a living donor, 627
for lower-extremity amputation, 463
for lung transplantation, 641
for percutaneous transluminal angio-

plasty
carotid, 498
iliac artery, 494
renal, 495–496

for prophylactic mastectomy, 656
for retransplantation, in heart trans-

plantation, 651
for surgical treatment

of colorectal polyps, 301
of Crohn’s disease, 285–287
of mesenteric ischemia, 453
of primary hyperparathyroidism,

373–374
of ulcerative colitis, 289–290

for thoracotomy in thoracic trauma,
519

Indirect hernia, of the inguinal canal,
336

Induction immunosuppression
maintenance major histocompatibil-

ity complex, 598
protocols for, in liver transplanta-

tion, 628
Induction therapy, with cytolytic

agents in heart transplantation,
649

Infarction
in response to anemia, 52
right-ventricular, treating cardio-

genic shock in, 99
See also Myocardial infarction (MI)

Infection
of branchial cleft cysts, 704
of the breast, 661
of burn injuries, 123–125
device-related, in surgical patients,

142
diagnosis and treatment of, 61–76
hepatic artery aneurysms associated

with, 451
microbial factors in the development

of, 62–63
overwhelming postsplenectomy, 332
peritoneal response to, 148
prophylaxis to avoid, in lung trans-

plantation, 640
in prosthetic valve implants, 583
rate of, at surgical sites, stratified by

risk category, 134
risk of, in immunosuppression, 598
superior mesenteric artery

aneurysms associated with, 451
after transplantation

heart, 650
liver, 630
renal, 613

before transplantation, renal, treat-
ing, 610

of wounds, effect on healing, 83
Infectious colitides, 292–294
Infectious diseases, response against,

relationship to allograft rejec-
tion, 542–543

Inferior vena cava (IVC) filters, for
managing thromboembolism,
474

Inflammation
injury from, secondary to abdominal

trauma, 355
in late phases of allograft rejection,

596
as a stage in wound healing, 77

Inflammatory bowel disease, and risk
of colorectal cancer, 297

Information, from administrative data-
bases, for outcome studies, 6–7

Infrainguinal arterial occlusive disease,
461

Infundibulum, of the gall bladder, 219

Inguinal canal, anatomy of, 335–336
Inguinal hernia, 713–714

diagnosing, 338
Inguinal herniorrhaphy, laparoscopic,

165
Inguinal ligament (Poupart’s ligament),

anatomy of, 337
Inhalation injury

association with burns, 120–121
mortality rate in, 125

Injury
controlled, in successful percuta-

neous transluminal angioplasty,
493

esophageal, 181–182
See also Trauma

Injury Severity Score (ISS)
in trauma, 469
in venous thromboembolism, 489

Innate immunity, physiological, 590
Innervation

anorectal, 283
of the appendix, 269
of the colon, 282
of the esophagus, 169
of the gallbladder, 220
of the pancreas, 199–200

Innominate artery, 441
Inotropic drugs

for congestive heart failure, 580
in management of shock, 101

Inotropic support
for cardiogenic shock therapy, 98–99
in heart transplantation, 648

In situ carcinomas, breast, 662, 664
In situ splitting, in liver procurement,

626
Institute for Medical Studies, defini-

tion of outcomes research, 6
Institute of Medicine (IOM), practice

guidelines developed at, 9
Institute of Surgical Research, U.S.

Army, on estimating fluid re-
quirements in burn injury treat-
ment, 122

Instrumentation, for laparoscopic
surgery, 157–158

Insufflation, pressure of, and central
venous pressure, 158

Insulin
source of, in the islets of Langer-

hans, 201
for treating diabetic ketoacidosis,

139
Insulinoma, 403–405, 408

enucleation of, 410
Integrins, signal transduction involv-

ing, in wound repair, 78
Integument, as a physical barrier to

microbes, 63–64
Intensive care unit

acute abdomen evaluation in, 154
open versus closed model, 127
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Interferons (IFNs)
for basal cell skin cancer treatment,

678–679
interferon-� (IFN-�), for treating car-

cinoid tumors, 412
interferon-� (IFN-�)

release by CD4� cells, 596
role in alloantigen production, 596
role in response to infection, 65

for melanoma treatment, clinical tri-
als, 676

Intergroup Rhabdomyosarcoma Study
Group (IRS), 717

Interleukins
anti-IL-2 strategies, in transplanta-

tion, 599–600
interleukin-1� (IL-1�), response by,

to endotoxin challenge, 65
interleukin-1 receptor antagonists

(IL-1ra), regulatory role of, 65
interleukin-2 (IL-2), upregulation of

CD25 by, 596
Intermittent myoelectric migratory

complex (IMMC), of the intesti-
nal tract, 220

Internal hernias, 352
International Intestinal Transplant

Registry (IITR), 631
International Neuroblastoma Staging

System, 716
International Normalized Ratio (INR),

standardization of prothrombin
time assays, 41

International Pancreas Transplant Reg-
istry (IPTR), 620

International Society for Heart and
Lung Transplantation (ISHLT),
guidelines for selecting pul-
monary transplant recipients, 637

International Workshop on Screening
for Breast Cancer, 658

Interrupted aortic arch, congenital, 565
Interstitial cell of Cajal, role in pace-

maker activity, intestinal, 255
Interval contrast enema, for evaluating

diverticulitis, 292
Interventional therapy, in valvular

heart disease, 580
Intestinal function

after laparoscopic procedures, 160
obstruction in the newborn infant,

708–709
rehabilitation, in small bowel syn-

drome, 264
rotation, disorders of, 709
transplantation, 630–632

Intimal tear, in aortic dissection, 435
Intraabdominal disorders

hypertension, in abdominal compart-
ment syndrome, 102

infections, 73–74
lesions, differentiation from medi-

astinal lesions, 552

Intraabdominal pressure (IAP), measur-
ing and managing, 102, 364

Intraaortic balloon counterpulsation
(IABC), 99

Intraarterial calcium angiogram, for lo-
calizing insulinomas, 405

Intracellular volume (ICV), 29
Intracranial conditions

edema, assessing early in emergency
care, 90

pathology, fever associated with, 142
pressure (ICP), monitoring in laparo-

scopic surgery, 160
Intramural hematoma, in aortic dissec-

tion, 435
Intraoperative management

in abdominal trauma, 358–364
key elements in, 361

diagnosis of rectal injuries, 363
imaging

arteriographic, in carotid en-
darterectomy, 427

ultrasound, in reoperation for pri-
mary hyperparathyroidism, 375

localization of gastrinomas, 407
radiotherapy

in colorectal cancer recurrence,
305

outcomes of, 305
in retroperitoneal sarcoma, 687

technique, and blood loss, 54
Intraoperative endoscopy (IOE), for

guiding gastrinoma surgery, 407
in duodenotomy, 410

Intraoperative ultrasound (IOUS)
for localizing gastrinomas, 407
for localizing insulinomas, 405

Intraperitoneal onlay mesh (IPOM), for
hernia repair, 341–342

Intravascular management
of catheter infections, 71
of oncotic pressure, adding dextran

to hypertonic saline to increase,
97

of volume loss, in surgery, 30
Intravenous therapy

access in hypovolemic shock, 96
fluids for treating perioperative

volemic shock, 106
Intrinsic factor, requirement of, for vit-

amin B12 absorption, 191
Intubation, pneumonia associated

with, 523
Intussusception, 711–712

evaluation and treatment of,
312–313

Ionizing radiation, evaluating the ex-
tent of burns from, 120

Iron supplementation, in blood dona-
tion for autologous transfusion,
137

Irradiation therapy, for esophageal car-
cinoma, 180–181. See also

Chemoradiotherapy; Radiation
therapy

Ischemia
in acalculous cholecystitis, 227
cardiomyopathy with, 572
lower-extremity

lytic versus surgical therapy com-
parison, prospective studies, 464

surgical treatment for, 461
in lung transplantation, 640–641
in organ preservation, 603
regional, in vascular trauma, 481
vertebrobasilar, after carotid en-

darterectomy, 429
Ischemic colitis, 294
Ischemic orchitis, in hernia repair,

342–343
Islet cells

transplantation of, 620–621
tumors of, 408
types of, 200–201, 617

Isoproterenol, for heart transplantation
management, 648

Isotonic formulas, for enteral feeding,
20

Isotype switching, by immunoglobu-
lins, 592

Ivor-Lewis esophagectomy, 180

J
Jaundice

in biliary system obstruction, 221
as a complication of ulcer operation,

189
in hydatid cysts of the liver, 240
in the newborn infant, 702–703, 712
as a symptom

of bile duct cancer, 231
of pancreatic cancer, 208–209

See also Hepatitis virus infection
Jehovah’s Witnesses, trauma manage-

ment for, 92
Jejunostomy, needle catheter, for direct

administration of nutrition, 18
Jejunum, 251
Joints, complications involving, in

Crohn’s disease, 284–285

K
Kampmeier foci, of the parietal pleura,

527
Kaposi’s sarcoma, Castleman’s disease

associated with, 555
Keloids, 84
Keratinocyte growth factor (KGF), role

in wound healing, 82
Ketanserin, for treating venous ulcera-

tion, double-blind study, 476
Ketoacidosis, diabetic, 139

abdominal pain in, 153
Ketoconazole, antifungal activity of, 67
Kidney transplantation, 607–615
King, Marie-Clare, 664
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Klatskin tumors (hilar bile duct can-
cers), 231

Klippel-Trenaunay-Weber syndrome,
715

Knee dislocation, popliteal vascular in-
jury associated with, 487

Kommerell’s diverticulum, 440
Krukenberg tumor, association with

gastric cancer, 193
Kulchitsky cells, carcinoid tumors de-

rived from, 410
Kussmaul’s sign, 542

L
Laboratory evaluation

of acute abdomen, 150–151
of acute pericarditis, 540
of cardiac tamponade, 541
of constrictive pericarditis, 542
of lung cancer, 511
of myocardial infarction, 571–572
of pericardial effusion, 540
of pleural effusions, 532

�-Lactams, 66
Lactate measurement, as an indicator

of deranged amino acid metabo-
lism, 135

Lactic acidosis, in hospitalized pa-
tients, 36

Lacunar ligament (Gimbernat’s liga-
ment), anatomy of, 337

Ladd procedure, 353
Lamina propria

of the colon, 281
defined, 251
of the rectum, 282

Laparoscopy
for abdominal trauma, 358
for adrenalectomy, 396
comparison with laparotomy, in

acute abdomen, 155
in Crohn’s disease surgery, 259–260
diagnostic, 163
fundoplication for gastroesophageal

reflux, 177
for inguinal hernia repair, 341–342
for internal drainage of pancreatic

pseudocysts, 208
for myotomy, 173
versus open surgery

in acute appendicitis, 275
clinical studies, table, 162–163

during pregnancy, contraindications,
277

for vagotomy, 189
for ventral hernia repair, 351

Laparotomy
comparison with laparoscopy, in

acute abdomen, 155
for direct small-bowel feeding, 18
emergent, in volvulus, 295

for small intestine obstruction, 256
staging, in Hodgkin’s lymphoma,

327
Large cell carcinoma, of the lung, 507
Laryngeal nerve, injury to, in parathy-

roid cancer and surgery, 375
Larynx

anatomy of, 692
cancer of, 695

Lateral arteriorrhaphy, in vascular
trauma, 484

Left coronary artery, origin from the
pulmonary artery, anomalous,
565

Left-to-right shunt, in congenital heart
disease, 560–561

Leiomyomas, esophageal, 179
Leiomyosarcoma, small intestine, 262
Leukemia, hairy cell, splenectomy for

treating, 328
Levamisole, for colon cancer treat-

ment, 305
Lichtenstein repair, for inguinal her-

nias, 340–341
Li-Fraumeni syndrome (LFS), cancers

associated with, 665
Ligation, for superior mesenteric artery

aneurysm treatment, 451
Limitations, of randomized controlled

trials, 4–5
Lip, treatment of cancer of, 694
Lipase, levels of, in acute pancreatitis,

202
Lipodermatosclerosis, in venous ulcer-

ation, 476
Liquid-phase disorders, of the pleural

space, 532–535
Listing, for liver transplantation, 624
Literature, critical appraisal of, 9–11
Lithotripsy, extracorporeal shock

wave, 228
Littre’s hernia, defined, 335
Liver, 235–250

colorectal metastases to, 305
function tests for evaluating, in

jaundice, 209
neoplasms of, 717
synthesis of coagulation factors in,

40
transplantation of, 623–630
See also Hepatic entries

Liver failure
effect on coagulation, 44
and parenteral nutrition, 24–25

Liver fluke, disease caused by, 75
Liver transplantation

in polycystic liver disease, 238
reducing blood loss in, 47
tacrolimus for immunosuppression

in, 599
Liver Transplantation Database, data

on acute live rejection, 629

Living donor
screening for pancreas transplanta-

tion, 618
screening for renal transplantation,

612–613
Living-related donor (LRD)

for liver transplantation, 627–628
for lobar transplantation, outcomes,

641
Lobectomy, for lung cancer, 514
Lobular carcinoma in situ (LCIS), 664
Local excision, in cancer of the rec-

tum, 303
Localization

of aldosterone-producing adrenocor-
tical adenoma, 393

of carcinoid tumors, 411–412
of gastrinomas, radiologic, 407
before initial parathyroidectomy,

371–374
of islet cell tumors, rare, 408
Locally advanced breast cancers

(LABC), 667–668
of neuroendocrine tumors, 406
before reoperative parathyroidec-

tomy, 371–372
Longitudinal pancreaticojejunostomy,

for chronic pancreatitis, out-
comes, 206–207

Lower esophageal sphincter (LES), 170
defect in gastroesophageal reflux,

175
motor disorders of, 172–174

Lower-extremity occlusive disease,
460–463

Low molecular weight heparins
(LMWHs), for treating venous
thromboembolism, 474

Lumbar hernias, 351–352
Lumbar sympathectomy, 463
Lung

abscess of, 525
cancer of, association with pleural

effusion, 532–533
infections of, 523–525
metastasis to

in colorectal cancer, 305
in soft tissue sarcoma, 685–686

neoplasms of, 507–518
preoperative assessment of, in non-

small cell lung carcinoma, 513
transplantation of, 637–643
See also Pulmonary entries; Respira-

tory entries
Lung Cancer Study Group (LCSG), tri-

als evaluating therapies for lung
cancers, 515

Lymphadenectomy, selective
for management of melanomas, 676
for management of squamous cell

carcinoma of the neck, 694
Lymphadenitis, cervical, 705
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Lymphangioma (cystic hygroma)
of the neck, 704–705
of the spleen, 326

Lymphangitis, treating, 72
Lymphatic channels, of the pancreas,

199–200
Lymphatic drainage

anorectal, 283
of the appendix, 269
of the colon, 282
of the esophagus, 169
of the pleura, 527–528
of the small intestine, 251

Lymphedema, in axillary lymph node
dissection, 666–667

Lymph nodes
biopsy of, in melanoma evaluation,

674
of the head and neck, 692
mediastinal, in lung cancer, 514
regional

involvement in melanoma, and
prognosis, 674

management in melanoma, 
675

Lymphocele, in renal transplantation,
612

Lymphocytotoxicity assay, for cross-
matching allografts, 597

Lymphogranuloma venereum (LGV),
313

Lymphomas
chylothorax secondary to, 535
mediastinal, 554–555
pancreatic, treatment and prognosis,

214
small intestine, 262–263
of the spleen, primary, 328
of the terminal ileum, differentiating

from acute appendicitis, 274
Lysine analogues

antifibrinolytic activity of, 43
effect on blood loss in cardiac

surgery, 46

M
M cells, 254
Macrocirculation, in chronic venous

insufficiency, 475
Macrolides, antibiotic, 66
Macronodular adrenal hyperplasia

(MAH), Cushing’s syndrome as-
sociated with, 394

Macronutrients, major, 22
Macrophages, wound repair regulation

by, 77
Magnesium

abnormalities in levels of, 34–35
homeostasis of, in the newborn in-

fant, 702
Magnetic resonance angiography

(MRA), for evaluation

of cerebrovascular disease, 425–426
of renal artery disease, 454

Magnetic resonance cholangiopancre-
atography (MRCP)

for diagnosing biliary system disor-
ders, 222

for diagnosing chronic pancreatitis,
206

for diagnosing pancreatic cancer, 209
Magnetic resonance imaging (MRI)

for adrenal gland assessment, 390
for diagnosis

of hepatocellular carcinoma, 241
of lung cancer, 510
of superior vena cava syndrome,

549
for evaluation

aortic dissection, 437
mediastinal lesions, 551
parathyroid abnormalities, 372
vascular trauma, 483

in retroperitoneal sarcoma, 686
Main pancreatic duct (MPD), lacera-

tion of, in abdominal trauma,
362

Major histocompatibility complex
(MHC), 589

class I and class II, of intestinal ep-
ithelial cells, 254

Major surgery, risk of venous throm-
boembolism related to, 469

Malabsorption syndromes, 264–265
Males, breast cancer in, 668–669
Malignancy

as a contraindication to lung trans-
plantation, 638

differentiating from acute appendici-
tis, 274

after lung transplantation, 641
in renal transplant patients, 610, 614
risk of

in immunosuppression, 598
venous thromboembolism related

to, 469
Malignant diseases

colorectal, 296–308
esophageal tumors, 179–181
of the spleen, 327–328

Malignant exudative effusions,
532–533

Malignant hyperthermia, 142
Malignant polyps, 300
Mallory-Weiss syndrome, bleeding in,

192
Mallory-Weiss tear, diagnosis and

treatment of, 182
Malnutrition, and risks of general

surgery, 14
Mammography, 657–658
Management

of acute variceal bleeding, 246
of constrictive pericarditis, 542

of descending necrotizing medias-
tinitis, 548

of endocrine neoplasia in MEN 2,
418

of hepatic adenomas, 236
of hernias, 339–342
of hypercalcemia, severe, 371
of hyperparathyroidism, in patients

with MEN 1, 374
initial, of abdominal trauma, 355
of metastatic glucagonoma, 407
nonoperative

of blunt splenic injuries, 362
of small intestine fistulae, 260

of nonpalpable abnormalities identi-
fied with mammography, 658

in parathyroidectomy, 375–376
of patients listed for liver transplan-

tation, 624
of pericardial effusion, 540–541
of pericarditis, acute idiopathic, 

540
perioperative, 127–144
of postoperative mediastinitis, 548

Emory University classification,
549

of shock, 100–101
of vascular trauma, 483–485
of venous injuries in the extremities,

489
See also Medical management; Mon-

itoring; Surgical management
Mangled Extremity Severity Score

(MESS), 488
Manometry, anorectal, 311
Marcy repair of inguinal hernia, 339
Marfan syndrome

aneurysm formation associated with,
435

hernias associated with, 337
Marffucci’s syndrome, 715
Marginal artery of Drummond, 281
Markers, serum

for lung cancer, 511
for myocardial injury, 571–572

Masoaka staging system, for thymo-
mas, 553

Mastalgia, 660–661
Mastectomy, prophylactic, 656
Matrix metalloproteinases (MMPs),

degradation of extracellular ma-
trix components by, 80

McBurney’s point, identifying in acute
appendicitis, 271

McVay repair, for inguinal hernia,
339–340

Mean arterial blood pressure (MAP),
for cardiovascular dysfunction
diagnosis, 105–106

Measurements
of arterial pressure, 113
in endovascular procedures, 489
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Mechanical support, short-term, in
acute respiratory failure, 108

Mechanical valves, 581
Mechanical ventilation, discontinuing,

108
Meckel’s diverticulum, 263–264, 710

differentiating from acute appendici-
tis, 273

Meconium ileus versus meconium
plug syndrome, 710

Median sternotomy, in primary hyper-
parathyroidism, 374

Mediastinitis, postoperative, 548–549,
575

Mediastinoscopy, cervical, for staging
lung cancer, 511–512

Mediastinum, 547–558
lesions of, 552–553
masses in pediatric patients, 705
treating infections of, 74

Medical management
of adventitial cystic disease of the

popliteal artery, 466
of aortic dissection, 437
of arterial thoracic outlet syndrome,

445
of carcinoid disease, 412
of gallstones, 227–228
of gastrinoma, 408–409
of gastroesophageal reflux, 175–176
of insulinoma, 408
of islet cell tumors, 408
of large vessel vasculitides, 442
of Takayasu’s arteritis, 443
of thoracic aortic aneurysm, 438
of ulcerative colitis, 289
of valvular heart disease, 579–580
of venous thoracic outlet syndrome,

445
See also Medical treatment; Surgical

treatment; Treatment
Medical treatment

of chronic venous insufficiency, 475
of coronary artery disease, 572
of Crohn’s disease, 285
of mesenteric venous thrombosis,

453
of myasthenia gravis, 553
of nonseminomatous germ cell tu-

mors, 554
of renal artery occlusive disease, 454
of superior vena cava syndrome, 549

Medications
cardiovascular, preoperative adjust-

ment of, 128–129
ulceration of the small intestine

from, 265
See also Drugs

Medullary thyroid carcinoma, 385–386
calcitonin as a marker for, 418

Meissner’s submucosal neural plexus,
251

Melanoma, 671–680
Membrane attack complex (MAC), 590
Menetrier’s disease, association with

gastric carcinoma, 193
Meningeal inflammation, aseptic,

OKT3 side effect, 599
6-Mercaptopurine (6-MP)

for treating Crohn’s disease, 285
for treating ulcerative colitis, 289

Merkel’s cell cancer, 679
Mesalamine

for treating Crohn’s disease, 285
for treating ulcerative colitis, 289

Mesenchymal tumors, mediastinal, 555
Mesenteric ischemia, 453–454
Mesh repair

of inguinal hernias, 340
inlay, 350–351
onlay, for ventral hernias, 350
polyester, for hernias, 341
polypropylene, for hernias, 341

Mesothelial cells of the pleura, 527
Mesothelioma, 536
Meta-analysis

of breast cancer screening, 658
and systematic review, 8–9

Metabolism
calculating requirements for surgical

patients, 17
considerations in the care of the

newborn infant, 702–703
nonprotein sources of, for parenteral

feeding, 16
rate of, in burn patients, 125

Meta-iodobenzylguanidine (MIBG),
131I, for carcinoid tumor imag-
ing, 411

Metastasectomy, for metastatic soft
tissue sarcoma, 686

Metastases
axillary, in occult breast cancer,

667–668
breast cancer, treatment of, 668
in carcinoid disease of the small in-

testine, 263
of colorectal cancer, reoperation in,

245
to the heart, pericardial involve-

ment, 543
insulinoma, 409
liver, 243–245

in gastrinoma, 417
of lung cancer

adrenal, 516
to the brain, 516–517

of malignant gastrinoma, 409
to the mediastinum, 552–553
of melanomas, treatment, 677
at port sites, in laparoscopic tumor

resection, 160
of soft tissue sarcoma, treatment of,

685–686

and survival, in carcinoid disease, 412
in thyroid cancer, and prognosis,

384–385
Methimazole (Tapazole), 381
Methotrexate treatment

for acute rejection in heart trans-
plantation, 650

for Crohn’s disease, 285
Methylprednisolone, to blunt adverse

response to OKT3, 599
Metronidazole

for antibiotic-associated colitis ther-
apy, 142

bacteriocidal and antiparasite actions
of, 67

for treating Clostridium difficile in-
fection, 293

for treating Crohn’s disease, 285
Microbes, 61–65
Microbiology

of descending necrotizing medias-
tinitis, 547

of infected pancreatic necrosis, 204
Microcalculi, 224
Microcirculation, in chronic venous

insufficiency, 475
Microembolization, in gastrointestinal

hemorrhage, 290
�2-Microglobulin, combination with a

major histocompatibility com-
plex class I molecule, 595

Micrometastases, prognostic impor-
tance of, 667

Microorganisms. See Bacteria; Fungal
infection; Infection; Viruses

Microperforations, in Crohn’s disease,
259

Middle mediastinal masses, pediatric,
705

Midesophageal diverticulum, diagnosis
and treatment of, 174–175

Migrating motor complex, in peristal-
sis, 255

Minimally invasive radioguided
parathyroidectomy (MIRP), for
reoperation in hyperparathy-
roidism, 375

Minimally invasive surgery, general
principles of, 157–166

Minor histocompatibility antigens, 595
Mirizzi’s syndrome, 227
Mismatch repair genes, in colorectal

cancer, 297
Missed injuries, in abdominal trauma,

364
Mitral regurgitation (MR), 579
Mitral stenosis, 578

congenital, 564
timing of surgery for, 580

Mitral valve
anatomy of, 577
repair of, surgical technique, 581
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Mixed chimerism, to promote graft ac-
ceptance, 600

Mixed venous oximetry, 115–116
Molecular genetics, of thyroid cancer,

383. See also Genes; Genetics;
Oncogenes; Proto-oncogenes

Molecular prognostic factors, in soft
tissue sarcoma, 683

Moles, and risk of melanoma, 
671–673

Monitoring
of blood coagulation, 43
and complications in critical care,

113–117
guides to fluid resuscitation,

135–136
hemodynamic, 136
for hypercapnia, in laparoscopy,

158–160
of patients given parenteral nutrition

support, 22–23
of pH to diagnose gastroesophageal

reflux, 175
See also Management

Monobactam, 66
Monoclonal antibodies

for immunosuppression after liver
transplantation, 628

Orthoclone, 599
Monocytes

phagocytosis by, 65
role in wound repair, 77

Morbidity, in surgery for ulcerative
colitis, 290

Morgagni hernias, 352–353
Mortality

in abdominal aortic aneurysm, rup-
tured, 450

in acalculous cholecystitis, 227
in acute pancreatitis, Ranson’s crite-

ria correlation, 203
in acute variceal bleeding associated

with portal hypertension, 245
in alcohol-related trauma, 93
in anaplastic thyroid cancer, 386
in aortic dissection, 435–436
in aortic rupture associated with

thoracic trauma, 521
in aortic stenosis, 578
in Bochdalek’s hernias, 353
in burn injury, 125
cardiac perioperative, 127–128
in celiac artery aneurysm rupture,

451
for colorectal malignancy, impact of

screening tests on, 298–299
after coronary artery bypass graft,

risk factors for, 576
in Cushing’s syndrome, untreated,

394
in decompression of volvulus, 295
in deep soft tissue infection, 73

in descending necrotizing medias-
tinitis, 547

in dialysis, 607
in disseminated intravascular coagu-

lation, association with transfu-
sion, 54

in end-stage renal disease, 607
fetal, in surgery for appendicitis dur-

ing pregnancy, 276
in fungal infection following liver

transplantation, 630
in gallbladder cancer, 230
in gangrenous bowel, 295
in gram-negative bacteremia, 70
in heart transplantation, after infec-

tion, 650
in hepatic artery aneurysms rup-

tures, 451
in hepatocellular carcinoma after

surgical resection, 243
in hilar cholangiocarcinomas, after

surgical resection, 231
in infected pancreatic necrosis, 204
in ischemic colitis, after surgery,

294
in kidney transplantation, 607
in laparoscopic cholecystectomy,

229
in laparoscopy, 161
in liver transplantation for hepato-

cellular carcinoma, 243
maternal, in surgery for appendicitis

during pregnancy, 276
in medullary thyroid cancer, 386
in obturator hernias, 352
in open cholecystectomy, 228
in open splenectomies, 331
operative, in valve replacement, 583
in overwhelming postsplenectomy

infection, 332
in patients receiving colloid fluid re-

suscitation, 97
and placement of a pulmonary artery

catheter, 116
in pneumonectomy, 514
in portocaval shunting, emergency,

246
in postoperative mediastinitis, 548
in posttransplant infections, liver

transplantation, 630
preventable, in trauma, 89
in primary graft failure, for lung

transplantation, 640
in pulmonary resection of colorectal

metastases, 305
in purulent peritonitis, 292
in renal transplantation, 608
in secondary microbial peritonitis,

73
in small intestine obstruction, 256
in surgery, for ulcerative colitis, 

290

in thoracic aortic injury, 486–487
in thoracic trauma, 519
in thyroid storm, 380
in tracheobronchial rupture, 522
from trauma, and age, 91–92
in upper gastrointestinal hemor-

rhage, 191
in ventilator-associated pneumonia,

523
Motility

of the small intestine, 255
of the stomach and duodenum,

186–187
Mouth, treatment of cancer of, 695
Mucinous papillary carcinoma, intra-

ductal, prognosis in, 213
Mucocele, from the appendix, neoplas-

tic lesions in, 277
Mucosa

changes in, in ulcerative colitis, 289
of the small intestine, architecture

of, 251
Mucosal advancement flap, rectal, 287,

309
Mucus-gel layer, in the stomach, 186
Muir-Torre syndrome (MTS), 308
Multinodular goiter (MNG), toxic, 381
Multiple congenital cysts, pancreatic,

199
Multiple endocrine neoplasia (MEN),

type 1, 417–420
association with hyperparathy-

roidism, 370–371
and neuroendocrine tumors, 403
surgical management of, 409

Multiple organ dysfunction syndrome
(MODS)

association with shock, 95
in shock, 101

Murphy’s sign, in acute cholecystitis,
225

Muscularis mucosa
of the colon, 281
defined, 251
of the rectum, 282

Mustard procedure, in corrected trans-
position of the great arteries,
565

Mycophenolate mofetil (MMF), im-
munosuppression by, 598

comparison with azathioprine, 649
in liver transplantation, 628

Myelofibrosis, 328
Myeloproliferative disorders, splenec-

tomy for treating, palliative, 328
Myocardial contusion, 522–523
Myocardial infarction (MI), 571–572

perioperative, 127–128
after carotid endarterectomy, 429

Myocardial protection, in open-heart
surgery, 568–569

Myotomy, for achalasia treatment, 173
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N
Na�-K� ATPase pump, of the basolat-

eral membrane, 283
Nasal cavity, cancers of, 695–696
Nasopharyngeal carcinoma (NPC), link

with Epstein-Barr infection, 691
Nasopharynx

melanoma of, 676
treatment for cancer of, 695

National Center for Health Statistics,
92

National Health and Examination Nu-
trition Survey, 92

National Institutes of Health, recom-
mendation on adjuvant
chemotherapy in colon cancer,
305

National Institutes of Health Consen-
sus Conference

obesity surgery evaluation of,
195–196

on primary hyperparathyroidism,
373

transfusion guidelines of, 52–53
National Nosocomial Infections Sur-

veillance System (NNIS), 134
National Surgical Adjuvant Breast and

Bowel Project P-1 Study (NS-
ABP-P1), on risk of breast cancer
in women taking tamoxifen, 656

Natural history
of endoleak, 500
of venous thromboembolism,

470–471
Neck

anatomy of, 692
cancer of, 691–697
lateral masses of, pediatric surgery

for, 704
midline masses of, in children, 705

Necrolytic migratory erythema (NME),
in glucagonoma, 407

Necrosis
coagulative, in burn injuries, 120
due to skin pressure, 82
small-bowel, association with direct

small-bowel feedings, 21
Necrotizing conditions

fasciitis, treating, 72
myositis, treating, 72
necrotizing enterocolitis (NEC), 711
pancreatitis

with infection, managing, 204
sterile, managing, 203–204

Negative selection, in development of
T cells, 591

Neoplasms
anal, 314–315
of the appendix, 277
of the biliary system, 229–232
malignant, of the small intestine,

261–262

pericardial, metastatic, 543
small-bowel, 260–263

Nephrectomy
donor, 611
living donor, 613

Nephropathy
diabetic, as a criterion in pancreas

transplantation, 617
in pancreas transplantation, prevent-

ing, 620
Nephrotoxicity

of amphotericin B, 67
of cyclosporine, 613

Nephrotoxins, in surgical intensive
care, 110

Nerves
entrapment of, in repair of groin her-

nias, 342
of the ilioinguinal region, anatomy

of, 336–337
injury to

in carotid endarterectomy, 429
cranial, in carotid tumor resection,

430
in extremity vascular trauma, 487

supply to the stomach and duode-
num, 185–186

Nerve sheath, tumors of, mediastinal,
553

Neural defects, in achalasia, 172
Neuroblastoma, pediatric, 715–716
Neuroendocrine function

cells in, distribution, products and
targets, 402–403

intestinal, 254–255
Neuroendocrine tumors

of the pancreas and duodenum, 417
of the pancreas and gastrointestinal

tract, 401–415
syndromes involving, symptoms and

signs of, 404
Neurofibromatosis, as a risk factor for

neurofibroma or fibrosarcoma,
681

Neurogenic causes of incontinence,
311

Neurogenic shock, 100
Neurogenic thoracic outlet syndrome,

443–444
Neurogenic tumors

mediastinal, 553
serology for diagnosing, 552

Neuroleptic malignant syndrome
(NMS), 142

Neurological dysfunction
as a complication of cardiopul-

monary bypass, 569
critical care in, 105

Neurological function
assessing in trauma management, 89
after carotid injury, 485
following laparoscopy, 160

Neurotensin, secretion from ileum and
enteric nerves, 255

Neurovascular supply, of the pleura,
527

Nevi, atypical, and risk of melanoma,
671–673

Nipple discharge, evaluating, 661
Nissen fundoplication

in infants, 708
laparoscopic, for gastroesophageal re-

flux treatment, 177
Nitrates, for coronary artery disease

management, 572
Nitric oxide

for inotropic support after heart
transplantation, 648

for pulmonary vascular resistance
management, 645

Nitroglycerin
for angina pectoris management, 571
for treating afterload reduction in

cardiogenic shock, 99
Nitroprusside, sodium, for pulmonary

hypertension after heart trans-
plantation, 648

Nonatherosclerotic cerebrovascular
disease, 430–431

Noncutaneous melanomas, surgical
treatment of, 676

Nonepithelial tumors, of the breast,
668

Nonhealing wounds, 82
Non-heart-beating donors (NHBD)

for kidney transplantation, 610
for liver transplantation, 624

Non-Hodgkin’s lymphoma
mediastinal, 555
of the spleen, 327

Noninduction protocols for immuno-
suppression, 628

Noninvasive vascular assessment, 483
Nonocclusive mesenteric ischemia, 453
Nonrelaxing puborectalis syndrome,

312
Nonseminomatous germ cell tumors

(NSGCT), 554
serology for evaluating, 552

Non-small cell lung cancer (NSCLC),
507

staging of, 512, 514–515
Nonsteroidal antiinflammatory drugs

(NSAIDs)
for acute idiopathic pericarditis, 540
intestinal obstruction from, 256
peptic ulcer associated with, 187
prospective studies of perioperative

bleeding associated with, 45
ulcerations induced by, 188, 265

Noonan syndrome
aortic dissection associated with, 435
atrial septal defect associated with,

559
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Norepinephrine, for management of
shock, 101

North American Symptomatic Carotid
Endarterectomy Trial
(NASCET), 424

Nosocomial infections in surgical pa-
tients, 68, 111

pneumonia, 523
See also Iatrogenic injury

Nucleotides, nutritional support utiliz-
ing, 15–16

Number needed to harm (NNH), 10
Number needed to treat (NNT), 10
Nutritional status, determination of,

13–14
Nutrition/nutritional support, 13–27

in gastrointestinal dysfunction, 108
impairment of, in short bowel syn-

drome, 264
in intestinal transplantation, 632
perioperative, 138
and wound healing, 83
See also Diet; Enteral nutrition; Par-

enteral nutrition
Nyhus classification, of groin hernias,

338–339

O
Oat cell carcinomas, 508
Obesity

effects in trauma, 92
gastric surgery for, 195–196
physiological effects of, 92
as a risk factor

for gallbladder disease, 224
for venous thromboembolism re-

lated to, 469
Observation

of arterial lesions, 484–485
of pneumothorax, 529

Observational studies, outcome studies
as, 7

Obstetrical trauma, incontinence re-
lated to, 311

Obstruction
in acute appendicitis, 269–270
biliary tract, clearing before hydatid

cyst surgery, 241
in colon cancer, 303–304
in congenital heart disease, 564–565
in Crohn’s disease, 258
of defecation, 311–313
intestinal, in colorectal cancer, 299
mechanical, of the small intestine,

255–258
Obturator hernias, 352
Obturator sign, in acute appendicitis,

271
Occult papillary carcinoma (OPC), 383
Octreotide

for carcinoid disease, 412
for metastatic glucagonoma, 407

for secretory diarrhea in vasoactive
intestinal peptide tumor man-
agement, 408

for small-bowel fistula, 260
for variceal bleeding, acute, 246

Ocular melanoma, 676
Ocular symptoms, in Crohn’s disease,

284
OKT3 (orthoclone)

for immunosuppression after liver
transplantation, 628

monoclonal antibody, for use in or-
gan transplantation, 599

Oliguria, in renal dysfunction, 110
Olsalazine, for treating ulcerative coli-

tis, 289
Omentum, anatomy of, 147
Omphalocele, repair of, 352, 712–713
Oncogenes

association with colorectal cancer,
297

mutant
in patients with pancreatic cancer,

208
in small intestine malignant neo-

plasms, 262
See also Genes; Proto-oncogenes

Open intensive care model, 127
Open wounds, topical treatment of, 86
Operative management

of abdominal trauma, initial consid-
erations, 360

of complications of splenectomy,
331–332

Operative procedure
approach to the spleen, 330–331
for coronary artery bypass graft,

573–575
for lung transplantation, 639
for pancreas transplantation, 618–619
for valvular heart disease, 581

Opportunist infections, intraabdomi-
nal, from prolonged use of an-
tibiotics, 149

Opsonins, complement protein frag-
ments as, 65

Opsonization
defined, 590
role of Fc portion of antibodies in, 592

Oral cavity, treatment of cancer of, 694
Oral contraceptives (OCP)

association with hepatic adenomas,
236

risk of venous thromboembolism re-
lated to, 470

Oral dissolution, of gallstones, 227
Organ preservation, 603–605
Oropharynx, treatment of cancer of, 695
Orthotopic heart transplantation, bi-

caval versus biatrial, 646–647
Osteopenia, in long-term heparin use,

42

Ostium primum defects (partial atri-
oventricular canal defects), 561

Ostium secundum defects, 561
Ostomy sites, hernias developing adja-

cent to, 352
Outcomes

assessment of
in iliac angioplasty, 494–495
and perioperative care, 127
in quality of care determination,

127
clinical, implication of nutrition

support in, 13
of coronary artery bypass graft

(CABG), 575–576
long-term

in coronary artery bypass graft
(CABG), 576

of postoperative mediastinitis,
long-term, 548–549

of non-small cell lung carcinoma,
surgical resection for, 514–515

in renal percutaneous transluminal
angioplasty and stenting,
496–497

of retransplantation, in heart trans-
plantation, 651

studies of, 6–7
of surgery for aldosterone-producing

adenoma, 393
of transplantation

intestinal, 631–632
kidney, 614–615
liver, from living donors, 627–628
lung, 641
pancreas, 620

Outpatient setting, for acute divertic-
ulitis therapy, 292

Ovary, problems related to, differenti-
ating from acute appendicitis,
274

Overfeeding, organ system complica-
tions of, 18

Overwhelming postsplenectomy sepsis
(OPSS), risk of, in splenectomy
for trauma, 361

Oximetry, mixed venous, 115–116
Oxygen 

in cardiopulmonary bypass, provi-
sion for, 568

consumption of
versus oxygen delivery, compen-

satory mechanisms in, 52
in wound healing, 83

myocardial demand for, in cardio-
genic shock, 98

P
Pacing, in heart transplantation, 648
Paget’s disease

of the anal margin, 315
of the breast, 668
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Pain
in acute pancreatitis, 201–202
in anal fissure, 310
in anorectal abscess, 308
in blunt chest trauma, managing,

521
in chronic pancreatitis, disabling,

206
in colorectal cancer, 299
in hydatid cysts of the liver, 240
after lung transplantation, control of,

639–640
in pancreatic cancer, palliative treat-

ment of, 211–212
in pancreatic pseudocyst, 208
in postcholecystectomy syndrome,

228
in small intestine obstruction, 255
visceral, 147–148
See also Abdominal pain

Palliation
in hepatocellular carcinoma, 243
in pancreatic cancer, 211
surgical, for congenital heart disease,

559–560
Pancoast’s syndrome, accompanying

mediastinal neurogenic tumors,
553

Pancreas, 199–217
injury to, in splenectomy, 332
managing injuries to, in abdominal

trauma, 362
transplantation of, 617–621

Pancreas after kidney (PAK) transplant,
617

Pancreas divisum, pancreatitis associ-
ated with, 205

Pancreas transplant alone (PTA),
617–618

Pancreatic acinus, microscopic
anatomy of, 200–201

Pancreatic endocrine tumors, 213
Pancreaticoduodenectomy

in abdominal trauma, 362
for malignant neoplasms of the

small intestine, 261–262
for pancreatic cancer, 211

Pancreatic pseudocysts, defined, 208
Pancreatitis

acute, 201–206
benign exudative pleural effusions

accompanying, 534
chronic, 206–208
differentiating from acute appendici-

tis, 273
nutritional support in, 14
after pancreas transplantation, 619
risk of, from congenital abnormali-

ties, 199
Panel reactive antibody assay (PRA),

597
Papillary lesions, of the breast, 662

Papillary mucinous tumor, intraductal,
214

Papillary thyroid cancer (PTC),
382–383

Papillomas, benign intraductal, 661
Paragangliomas, carotid, 430
Paranasal sinus, cancers of, 695–696
Paraneoplastic syndromes, in lung can-

cer, 509–510
Paraplegia after surgery

for thoracic and thoracoabdominal
aneurysms, 440

for thoracic injury, 487
Parasites

infections caused by, 75
metronidazole for treating infection

by, 67
myositis caused by, 73

Parastomal hernias, 352
Parasympathetic innervation, of the

esophagus, 169
Parathyroid, 369–378. See also Hyper-

parathyroidism
Parathyroidectomy

in hyperparathyroidism and
Zollinger-Ellison syndrome,
417–418

reoperative, outcomes, 375
Parathyroid hormone (PTH)

intraoperative determination of,
372–373

regulation of serum calcium levels
by, 369

Parenchymal cells, expression of MHC
class 1 molecules by, 591

Parenteral nutrition, 21–25
for the newborn infant, 703
studies of benefits of, 16

Parietal cells
acid secretion by, 186–187
selection of mass of, for vagotomy,

188–189
Parietal pleura, innervation of,

527–528
Parkes-Weber syndrome, 715
Parkland formula, for fluid resuscita-

tion of burn patients, 122
Patch angioplasty, in carotid en-

darterectomy, 426–427
intimal hyperplasia as an indication

for, 429
Patch repairs, of ventral hernias,

350–351
Patent ductus arteriosus (PDA)

left-to-right shunt in, 560–561
in premature infants, 701

Pathogenesis
of abdominal aortic artery aneurysm,

449–450
of calculous disease of the biliary

system, 222–224
of coronary artery disease, 570–571

of disseminated intravascular coagu-
lation, 47–48

of lung cancer, 508–509
of pneumonia, 523

Pathogenicity, defined, 62–63
Pathogens, microbial, of importance in

surgical patients, 62–63
Pathology

of cholangiocarcinomas, 231
of chronic pancreatitis, 206
for evaluation of lung cancer, 511
of gallbladder cancer, 229–230
of head and neck cancer, 692
of hydatid cysts of the liver, 239–240
and outcome, of percutaneous trans-

luminal renal angioplasty, 495
of renal artery occlusive disease, 454
of small intestine neoplasms, 260
of soft tissue sarcoma, 681–682
subdiaphragmatic, in benign exuda-

tive pleural effusions, 534–535
and survival, in pancreatic cancer,

212–213
of valvular heart disease, 577
of vascular trauma, 481
of wounds, 82–84

Pathophysiology
of acute pancreatitis, 201
of aortic dissection, 435–436
of aortoiliac occlusive disease, 452
of cardiac tamponade, 541
of cerebrovascular disease, 423–424
of chronic venous insufficiency/ve-

nous ulceration, 475–476
of degenerative aneurysmal disease,

438
of gastroesophageal reflux, 175–177
of mitral regurgitation, 579
of multivalvular disease, 579
of the parathyroid glands, 370
of pulmonary insufficiency, 107
of renal artery occlusive disease, 454
of renal dysfunction, 108–110
of septic shock, 99
of stress ulcers, 192
of thoracic aortic aneurysms,

438–439
of venous thromboembolism, 469

Patient
with burn injury, evaluating, 119–121
issues of, in randomized controlled

surgical trials, 6
positioning of, in laparoscopic

splenectomy, 331
preparation of, for splenectomy, 330
selection of, for renal transplanta-

tion, 609–610
Patient history

in acute abdomen, 149
in arterial disease of the lower ex-

tremity, 460
in breast evaluation, 655
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and risk of endovascular aneurysm
repair, 501

structured, for diagnosing acute ap-
pendicitis, 272–273

Peak inspiratory pressure (PIP), in ven-
tilator support, 108

Pectus carinatum, musculoskeletal dis-
orders associated with, 707

Pectus excavatum, musculoskeletal
disorders associated with, 707

Pediatric hernias, 343, 350
Pediatric surgery, 701–719

indications for liver transplantation,
623

Peliosis, of the spleen, 326
Pellagra, in carcinoid disease, 411
Pelvic floor

dysfunction of, 311–313
hernias of, 352

Pelvic fractures, hemorrhage following,
in blunt trauma, 363

Penicillins, effectiveness of, 66
Pentad of Reynolds, in severe acute

cholangitis, 221
Pentasa, for treating ulcerative colitis,

289
Pentastarch, volume-expanding proper-

ties of, use in hypovolemic
shock, 97

Pentoxyifylline, for treating venous ul-
cers, 476

Peptic ulcer, 187–188
differentiating from acute appendici-

tis, 273
gastric outlet obstruction associated

with, 192
operations for, 188–191

Peptide-based formulas, for enteral
feeding, 20

Peptide YY, secretion by the distal
small intestine, 255

Percutaneous balloon valvuloplasty, 580
Percutaneous biopsy, of the adrenal

gland, 392
Percutaneous ethanol injection (PEI),

for hepatocellular carcinoma
treatment, small tumors, 243

Percutaneous transluminal angioplasty
(PTA)

carotid artery, cardiac complications
in, 497–498

coronary, comparison with coronary
artery bypass graft, 573

in management of lower-extremity
occlusive disease, 462–463, 493

renal
for renovascular disease, 495–497
for renovascular hypertension

treatment, 454–455
technique, 494

Percutaneous tube thoracostomy, for
pneumothorax treatment, 529

Perforation
in colorectal cancer, 299, 304
in Crohn’s disease, versus nonperfo-

rative disorder, 259
of duodenal ulcers, 187
esophageal, 181–182
leading to secondary microbial peri-

tonitis, 73
Perforator ligation, for treating venous

ulceration, 476
Pericardial effusion, 540–541
Pericardial friction rub, 539–540
Pericardial knock, 542
Pericarditis

acute, 539–540
cardiac-associated, 543–545

Pericardium, 539–546
Pericystectomy, for treating echinococ-

cal liver disease, 75
Perineal hernias, 352
Perinephric hematomas, in abdominal

trauma, 363
Perioperative management, 127–144
Peripherally inserted central catheter

(PICC), 21
Peripheral perfusion, in cardiogenic

shock, 98
Peristalsis, 255

contraction in the esophagus,
169–170

role of gap junctions in, 251
Peritoneum, 147–155

peritoneal dialysis, quality of life
with use of, 609

peritoneal lavage, diagnostic, 356
Peritonitis

bacteriology and antibiotic therapy
of, 148–149

microbial, 73
secondary to rupture of an abscess,

in diverticulitis, 292
Pernicious anemia

after gastric resection, 191
risk of gastric carcinoma associated

with, 193
Peutz-Jeghers syndrome, hamartoma-

tous polyps in, 261–262
pH

abnormalities in, 35–36
measurement for assessing

esophageal symptoms, 171, 175
Pharmacological treatment

for achalasia, 172
in pheochromocytoma, preoperative,

395
for venous ulceration, 476
of wounds, 86
See also Drugs; Medications

Pharyngoesophageal diverticulum, 174
Pharynx, anatomy of, 692
Phenoxybenzamine, as an alpha-adren-

ergic receptor blocker, 395

Pheochromocytomas, 394–396
biopsy of, followed by sudden death,

392
identifying, with magnetic resonance

imaging, 390
malignant, 395
multiple endocrine neoplasia type 2

associated with, 418
screening for, in multinodal thyroid

cancer, 385
Phlebotrophic agents, for treating ve-

nous ulceration, 476
Phosphate abnormalities, 35
Phosphodiesterase, inhibition of

by amrinone, 101
by dipyridamole, 41

Photopheresis, for treating allograft re-
jection, 650

Photoplethysmography (PPG), 116
for measuring ambulatory venous

pressure, 475
for measuring blood pressure, 113

Phototherapy, for treating hyperbiliru-
binemia, 703

Phyllodes tumors, of the breast, 668
Physical barriers, as a host defense

against microbes, 63–64
Physical examination

in acute abdomen, 150
in hemorrhagic shock, 96
in thoracic outlet syndrome, 444
in vascular trauma, 481–482

Physiological criteria
assessing in trauma management, 89
responses to hypovolemic shock,

95–96
Physiological immunity, 589–595
Physiology

of the adrenal gland, 389–390
anorectal, 284
of the biliary system, 220–221
colonic, 283–284
of coronary blood flow, 570
of the esophagus, 169–170
of fluids and electrolytes, 29–31
of the liver, 235
of the pancreas, 201
of the peritoneum, 146
of the pleura, 528
of the small intestine, 251–255
of the stomach and duodenum,

186–187
of the thyroid, 379

Physiotherapy, chest, after lung trans-
plantation, 639

Pigmented gallstones, 224
Pilonidal disease, 311
Pituitary

adenoma of, Cushing’s disease
caused by, 394

secretion of thyroid-stimulating hor-
mone by, 379
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Plasma
concentrate for treating dissemi-

nated intravascular coagulation,
48

loss of volume, leading to hypov-
olemic shock, 95

transfusion of, to replenish coagula-
tion factors, 42

Plasmin, role in fibrinolysis, 41
Plasminogen activators, tissue-type

and urokinase-type, 41
Platelet-derived growth factor (PDGF),

role in wound repair, 81
Platelets

adhesion in primary hemostasis, 39
aggregation of, activation by throm-

bin, 39–40
roles in hemostasis, 39
transfusion of

for disseminated intravascular co-
agulation, 48

for thrombocytopenia, 42
See also Antiplatelet therapy

Pleura, disorders of, 527–538
Pleural effusions, differential diagnosis

of, 532
Pleural plaques, 535
Plexus of Auerbach, 281
Plummer-Vinson syndrome, 182
Pneumatic balloon dilatation, for acha-

lasia, 173
Pneumatosis intestinalis, 265
Pneumocystis carinii

pulmonary infection by, 74
secondary pneumothorax in infec-

tion by, 531
Pneumonectomy, for lung cancer, 514
Pneumonia, 523–525

benign exudative pleural effusions
associated with, 534

in burn patients, 124
in inhalation injury patients, 120–121
postoperative, morbidity in, 69
ventilator-associated, 142

Pneumoperitoneum (PNP)
carbon dioxide, tumor implantation

at trocar sites in, 160
cardiovascular effects of, in splenec-

tomy, 331
for cholecystectomy, laparoscopic, 228
physiology of, 158–160
special circumstances concerning,

160–163
Pneumothorax, 528–531

open, in thoracic trauma, 520
Policies, for transfusion practices, 53
Polyclonal antibodies, for immunosup-

pression after liver transplanta-
tion, 628

Polycystic disease
hepatic, 237–238
pancreatic, 214

Polymorphism, defined, 589
Polymorphonuclear leukocytes (PMNs)

in burn injury and subsequent im-
mune suppression, 124

phagocytosis by, 65
in ulcerative colitis, 289

Polyps
biliary, 232
colon, 300–301

cancer arising from, 304
distribution of, in familial adenoma-

tous polyposis, 307
esophageal, 179
gastric, 193
rectal, 301

Polytetrafluoroethylene (PTFE) grafts,
for arteriovenous fistulas, 609

Polyuria, in renal dysfunction, 110
Popliteal artery

aneurysmal disease at, 465
injury to, 487

Popliteal entrapment syndrome,
465–466

Porphyria, abdominal pain in, 153
Portal decompression, in bleeding in

portal hypertension, 247
Portal hypertension, 245–247
Portal vein thrombosis (PVT), after

liver transplantation, 628
Portal venous sampling (PVS), for lo-

calizing gastrinomas, 407
Port wine stain (Naevus flammeus),

715
Positive end-expiratory pressure

(PEEP), managing after lung
transplantation, 639

Positron emission tomography (PET),
for identification

of lung cancer, 511
of pancreatic cancer, 209

Postcardiotomy syndrome, 575
Postcholecystectomy syndrome, 228
Posterior mediastinal masses, 705–706
Postinfarction pericarditis, 543
Postoperative care

in appendicitis, 276
blood loss during, 54
in carotid endarterectomy, 427

long-term, 429
in coronary artery bypass graft, 575
graft surveillance, 462
in heart transplantation, 648–649
in lung transplantation, 639–640
in retroperitoneal sarcoma, 687
in thoracic outlet treatment,

445–446
in valvular replacement, 581

Posttransplant lymphoproliferative dis-
order (PTLD)

from Epstein-Barr virus infection,
641

treating, 74

Potassium 
cardioplegia induced by, 569
ion, intracellular concentration, 29
metabolism of, 30

PP cells, of the islets of Langerhans,
201

Practice guidelines, defined, 9
Precollagen, type II, abnormalities in

devÜnerative aneurysmal dis-
ease, 438

Predonation strategies, 137–138
Pregnancy

acute abdomen in, 155
biliary colic during, 227
breast cancer in, 668
diagnosing acute appendicitis in,

276–277
melanoma in, 676
pneumoperitoneum in, 161
renal artery aneurysm rupture dur-

ing, 451
risk of venous thromboembolism re-

lated to, 470
Preload

change in, in pneumoperitoneum, 158
managing, in congestive heart fail-

ure, 579–580
Premature infants, definition and ab-

normalities common to,
701–702

Preoperative evaluation
for carotid endarterectomy, 425–426
for liver transplantation, 623–624
of surgery patients, for bleeding

risks, 53–54
testing, for lung transplantation po-

tential recipients, 638
Preoperative management

in coronary artery bypass graft,
573–574

embolization in splenectomy, 330
in valvular replacement, 581

Preperitoneal repair, open, for hernias,
341

Preperitoneal space, anatomy of,
337–338

Prepreservation, effects on transplanta-
tion viability, 603

Presentation, of small intestine neo-
plasms, 261

Preservation
of cadaver kidneys, 610
mechanisms of injury from, 603

Pressure sores, 82
Pretransplant evaluation, for pancreas

transplantation, 618
Prevention

of adhesion formation, 258
of nosocomial pneumonia, 524

Primary biliary cirrhosis (PBC), as an
indication for liver transplanta-
tion, 623
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Primary graft failure (PGF), after lung
transplantation, 640–641

Primary intention healing, 84–85
Primary nonfunction (PNF) in trans-

plantation, 603
Primary pigmented nodular adrenal

dysplasia (PPNAD), Cushing’s
syndrome associated with, 394

Primary repair, of ventral hernias, 350
Primary sclerosing cholangitis (PSC)

as an indication for liver transplan-
tation, 623

risk of cancer in, 288–289
Priorities, in managing multisystem

injuries, 363–364
Processus vaginalis, patent, incidence

of, 337
Proctocolectomy, total, for isolated

Crohn’s colitis, 285–287
Proctosigmoidoscopy, for assessing gas-

trointestinal hemorrhage, 290
Procurement

of cadaver kidneys, 610
of cadaver liver, 624–625

Profundaplasty, defined, 462
Prognosis

in breast cancer, information for de-
veloping, 664–667

in burn injury, 125
in cardiovascular dysfunction, 106–107
in colorectal cancer hepatic metasta-

sis, 244
indicators of parathyroid pathology,

370–371
in lung cancer, mediastinal lymph

node dissection to determine,
514

in pancreatic cancer, 212–213
in severe respiratory failure, 108
in soft tissue sarcoma, 683–684
in well-differentiated thyroid cancer,

384–385
Prognostic Inflammatory Nutrition In-

dex (PINI), 14
Prognostic Nutritional Index (PNI), 14
Prohemostatic agents, 42–43
Proliferation, stage of wound repair,

77–80
Prolonged clotting times (PTT), for

identifying coagulation factor
deficiencies, 44

Prophylaxis
risk analysis of antibiotic use for, 69
for variceal hemorrhage, 246
for venous thromboembolism, 471

Propylthiouracil (PTU), suppression of
thyroid hormone synthesis by,
380

Prospective clinical studies, of la-
paroscopy versus open proce-
dures on pulmonary function,
159

Prospective Investigation of Pulmonary
Embolism Diagnosis (PIOPED),
472

Prostacyclin, for pulmonary hyperten-
sion treatment, 637

after heart transplantation, 648
Prostaglandins

E, for treating venous ulcers, 476
E1

for managing coarctation of the
aorta, 565

for pulmonary hypertension after
heart transplantation, 648

for stabilization in transposition of
the great arteries management,
563

for stabilization of infants with
patent ductus arteriosus, 559

effects on the gastric mucosa, 188
inhibition of acid secretion by, 186

Prostatic hypertrophy, acute abdomen
in, 152

Prosthetic bypass grafting, for innomi-
nate artery occlusion, 441

Prosthetic valves, 580–581
Prosthetic vascular grafts, infection of,

72
Protamine

effects of heparin in major cardiovas-
cular surgery, 567

to reverse the effects of heparin in
major cardiovascular surgery, 56

Proteases, artery wall, activity in ab-
dominal aortic artery aneurysm,
449

Protectomy, indications for, in Crohn’s
disease, 288

Proteins
C, regulation of coagulation by, 40
dietary requirements for, calculating,

17–18
synthesis of, in the liver, 235

Protein tyrosine kinases (PTKs), role in
T-cell activation, 592

Proteolytic enzymes, in aortic adventi-
tial dilation, 449–450

Prothrombin complex concentrates
(PCCs), reversing coumarin ther-
apy with, 42

Protocols, for evaluating abdominal
trauma, blunt and penetrating,
358

Proton pump inhibitors (PPI)
blocking of acid secretion by, 186
for controlling acid hypersecretion,

408
for duodenal ulcer treatment, 187
for gastroesophageal reflux treat-

ment, 176
Proto-oncogenes

association with lung cancer, 509
K-ras

in colorectal cancer, 297
in lung cancer, 509

ret, in MEN2A and MEN2B, 383
See also Genes

Protozoal colitides, 293
Protozoal infections, after liver trans-

plantation, 630
Pseudoachalasia, 172
Pseudoaneurysms

chronic, diagnosis of, 439
femoral artery, 465
in vascular trauma, observational

management of, 485
Pseudocysts, pancreatic, 204, 208

differentiating from cystic tumors,
213

Pseudomyxoma peritonei, 277–278
Pseudopolyps, in ulcerative colitis,

288–289
Psoas sign, in acute appendicitis, 271
Puestow procedure, for treating

chronic pancreatitis, 207
Pulmonary angiography (PA), for diag-

nosing pulmonary embolism,
472

Pulmonary artery catheter
for estimating right- and left-ventric-

ular contractility, 106
monitoring with, 113–114, 136

to diagnose hypovolemic shock,
96, 100

effect on outcome, 116
placement of, 114

Pulmonary atresia, 563
Pulmonary contusion, 522
Pulmonary dysfunction

as a complication of cardiopul-
monary bypass, 569

critical care in, 107–108
effects of overfeeding on failure, 18
effects of pneumoperitoneum, 158–160

Pulmonary edema, in cardiogenic
shock, 98

Pulmonary embolism
benign exudative pleural effusions

in, 534
diagnosing, 472–473
differentiating from cardiogenic

shock, 98
Pulmonary evaluation, preoperative,

129–131
Pulmonary function, tests to estimate

operative risk in thoracoabdomi-
nal aortic aneurysm repair, 440

Pulmonary hypertension
in congenital diaphragmatic hernia,

706
after heart transplantation, 648–649
as an indication for heterotopic

heart transplantation, 648
lung transplantation for treating, 637
and risk of heart transplantation, 645
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Pulmonary hypoplasia, associated with
congenital diaphragmatic hernia,
706

Pulmonary ligament, defined, 528
Pulmonary lobectomy, for congenital

cystic adenomatoid malforma-
tion, 705

Pulmonary sequestration, 705
Pulmonic stenosis, congenital,

564–565
Pulsion diverticula, 175
Pulsus paradoxus, in cardiac tampon-

ade, 541
Pumps, heart-lung, in cardiopulmonary

bypass, 568
Pyloric stenosis, 708
Pyloroplasty, and vagotomy, for treat-

ing peptic ulcer, 189
Pyoderma gangrenosum, association

with Crohn’s disease, 284
Pyomyositis, treating, 73

Q
Quality of care, benchmarks for, man-

agement of acute appendicitis,
277

Quality of life
assessment of, in evaluating surgical

outcomes, 127
in kidney transplantation and dialy-

sis, 607
in lung transplantation, 641
in pancreas transplantation, 620
in venous ulceration, 474

Quinolones
bacteriocidal actions of, 67
for intraabdominal infections, 149

R
Race, and end-stage renal disease rates,

607
Radiation, ultraviolet, and risk of

melanoma, 671
Radiation injury

arteritis, managing, 431
healing of, 83
thyroid cancer associated with, 383

Radiation therapy
adjuvant, in breast carcinoma, 667
effect on wound healing, 84
in head and neck cancer, 694
in Hodgkin’s lymphoma, 327
for melanoma treatment, 677
in pancreatic cancer, 211
in pericarditis, 545
for skin cancer, 679
See also Chemoradiotherapy

Radioactive iodine (RAI)
131I, for treating multinodular goiter,

381
total thyroidectomy to facilitate

treatment with, 384–385

Radiofrequency ablation, for hepatocel-
lular carcinoma, 243

Radiography/radiologic studies
in acute abdomen, 151–152
in biliary tract disorders, 222
chest

for lung cancer diagnosis, 510
for pleural effusion evaluation, 532
for thoracic trauma evaluation, 519

of the esophagus, 170
for insulinoma localization, 405
of the liver, before surgery for

metastases, 243
in pancreatitis, acute, 203
in thoracic aortic aneurysm diagno-

sis, 438
in thoracic aortic injury, 486
in thoracic trauma, 521

Radioimmunoassay (RIA), for intraop-
erative determination of
parathyroid hormone, 372

Radioisotope scan, of the adrenal
glands, 390–391

Radiotherapy
in colon cancer, 305
in colorectal cancer, recurrent, 305
in lung cancer, clinical trials evalu-

ating, 515
postoperative, for gastric cancer, 

195
in rectal cancer, postoperative, ran-

domized trials, 305
in soft tissue sarcoma, 684

recurrent, 685
Raloxifene, side effects of, 656
Random error, in trials, 9–10
Randomized controlled trial (RCT)

comparison of early versus delayed
surgery for acute cholecystitis,
226

for evaluation of prophylactic antibi-
otic therapy in necrotizing pan-
creatitis, 205

for evaluation of resuscitation crite-
ria, 137

of laparoscopic versus open hernia
repairs, 344–347

of low molecular weight heparin
for preventing venous thromboem-

bolism, 42
versus unfractionated heparin for

treating deep venous thrombo-
sis, 474

of mastectomy versus breast conser-
vation, 665

of non-small-cell lung cancer treat-
ment, 515–516

North American Symptomatic
Carotid Endarterectomy Trial
(NASCET), 424

of postoperative chemoradiation
therapy, 307

of radiotherapy, 306
as a source of evidence for clinical

decisions, 3, 4–6
of vasopressin versus octreotide, for

arresting variceal bleeding, 246
Ranitidine, in respiratory failure, 108
Ranson’s criteria, for assessing severity

of acute pancreatitis, 203
Rapamycin, immunosuppression by,

600
Rapid flush technique, in liver pro-

curement, 624
Rapid immunoassay, for diagnosing

Clostridium difficile infection,
293

Rastelli procedure, in truncus arterio-
sus, 562

Rebleeding, after an ulcer operation, 189
Recanalization

of occluded iliac arteries, 494
of thrombosed veins, after anticoagu-

lant treatment, 475
Recipient operation

in intestinal transplantation, 631
in liver transplantation, 626–627
in renal transplantation, 611

Recipient selection
for heart transplantation, 645–646
for lung transplantation, 637–638
for pancreas transplantation, 617–618

Recombinant tissue plasminogen acti-
vator (rTPA), for thrombolysis,
473

Reconstruction
following antrectomy, 189
after gastric resection, 194–195
in vascular trauma, 484

of the carotid artery, 485
Rectal procidentia, 313
Rectal prolapse, perineal approaches

to, 313
Rectum, 281–323

cancer of, 302–303
injuries to, in abdominal trauma,

362–363
Recurrence

of anal condylomata, 314
of Crohn’s disease after surgery,

258–259
of epidermoid carcinoma, 315
of hemorrhoidal disease, preventing,

310–311
in liver metastasis, cryotherapy ver-

sus resection, 245
local

of colorectal cancer, 305
of soft tissue sarcoma, 685

in skin cancers, nonmelanoma,
678–679

in surgery for groin hernias, 342
in well-differentiated thyroid cancer,

384
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Red blood cells
dependence of primary hemostasis

on, 39
drugs that stimulate production of,

56
substitutes for, 97

Reduced-size liver transplantation, 627
Reexploration, planned abdominal, in

acute abdomen, 154
Regionalization, basis in volume-out-

come differences, 7
Regulation

of host defenses against infection, 65
of wound repair, 81–82
See also Homeostasis

Regurgitant lesions, indications for op-
eration in, 580

Rehabilitation, of burn injury patients,
125

Rejection
clinical syndromes, 597–598
of heart transplants, therapy for, 650
of intestinal transplants, 632
of pancreas transplants, 619–620
See also Acute rejection; Chronic re-

jection (CR); Immunosuppression
Relative risk reduction (RRR), 10
Remodeling, stage in wound healing,

80–81
Renal artery

aneurysms of, 451–452
occlusive disease of, 454–455
stenosis of, in renal transplantation,

612
Renal dysfunction, 108–110

as a complication of cardiopul-
monary bypass, 569

and tolerance of hyperkalemia, 33
Renal function

acute failure of, parenteral nutrition
for patients with, 24

coagulation abnormalities in failure
of, 44

formulas for enteral feeding in fail-
ure of, 20

and percutaneous transluminal renal
angioplasty, 496

Renal perfusion, effects on, of pneu-
moperitoneum, 158

Renal replacement therapy, indications
for, 110

Rendu-Osler-Weber syndrome, arteri-
ovenous malformations, 715

Reoperation
in coronary artery bypass graft, 575
in valvular heart disease, as a mea-

sure of success, 583
Repair/repair techniques

for abdominal wall defects, 350–351
for inguinal hernias, 339–342
for venous injuries of the extremi-

ties, 489

Reperfusion, in preservation of a car-
diac allograft, 648

Reperfusion injury
in lower-extremity ischemia, 464
in mesenteric ischemia, 453
in organ transplantation, 604–605
in vascular trauma, 481
See also Ischemia

Requirements, for evidence-based sur-
gical practice, 3

Rescue agents
antilymphocyte globulin, 599
reversal of acute rejection by, 598

Resection
for Crohn’s disease, small intestinal

or ileocolic stenotic, 285–287
in gastric carcinoma, extent of,

193–194
liver, for primary cancer, 242–243
lung, outcomes, 514–515
for noncolorectal cancer hepatic

metastases, 245
pancreatic

for cancer, 210–211
for chronic pancreatitis, 207

sigmoid, for volvulus, 295
for small intestine adenocarcinoma,

262
for small intestine obstruction, 

256
surgical, in non-small-cell lung can-

cer, 514–515
Reservoir, spleen as, for platelets and

granulocytes, 325
Respiratory disorders

acid-base, 37
complications in splenectomy, 332
failure

defined, 107
severe, options in, 108

host defense mechanisms of the res-
piratory tract, 64

insufficiency, defined, 107
Respiratory quotient (RQ), characteris-

tic, by fuel metabolized, 17
Restenosis, after percutaneous translu-

minal renal angioplasty, 497
Resuscitation

of burn patients, 121–122
in hypovolemic shock, 96–97
as the interface between pre- and

postoperative care, 135–137
in septic shock, 99–100

Retention cysts, pancreatic, 213–214
Retinopathy, after pancreas transplan-

tation, 620
Retransplantation, cardiac, issues in,

650–651
Retrograde contractions, colonic, 

283
Retromolar trigone, treatment of can-

cer of, 695

Retroperitoneum
anatomy of, 147
hematomas of, in abdominal trauma,

363
sarcoma of, treatment of, 686–687

Retrovisceral space, descending necro-
tizing mediastinitis arising in,
547

Revascularization
in acute arterial obstruction, 464
in chronic mesenteric ischemia, 454
in lower-extremity aneurysms, 465
of the renal artery, 455

Reversible ischemic neurological
deficits (RINDS), 424

Rhabdomyosarcoma, pediatric,
716–717

Rheumatic heart disease (RHD), 577
Ribosomal synthesis, prevention of

bacterial growth by inhibition
of, 66

Richter’s hernia, defined, 335
Right-sided valvular dysfunction, 579
Right-to-left shunt, congenital heart

disease with, 559, 562–563
Right ventricular ejection fraction, 116
Ring contractions, of the small intes-

tine, 255
Risk assessment

for breast disorders, 655
profile for, 489

Risk factors
for acute liver transplant rejection,

629
for adenocarcinomas of the sinonasal

region, 691
for aneurysm expansion and rupture,

450
for aortoiliac occlusive disease, 452
for arterial disease of the lower ex-

tremity, 459–463
for atherosclerosis, 441
in blood transfusion, 51–52
for breast cancer, lobular carcinoma

in situ, 664
for cholesterol gallstones, 223
for coronary artery disease, 571
for Crohn’s disease, 284
for esophageal tumors, 179
for fungal infection after liver trans-

plantation, 630
for gallbladder cancer, 229
for hepatoblastoma, 717
for hepatocellular carcinoma, 241
for hernia formation, 338
for hernias, incisional, 350
in laparoscopy, for port site infec-

tion, 161
for melanoma, 671–673
for postoperative mediastinitis, 548
for pulmonary morbidity, 129–130
for renal failure, in diabetes, 110
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Risk factors (continued)
for restenosis in percutaneous trans-

luminal renal angioplasty, 497
for skin cancer, nonmelanoma, 

678
for small cell lung cancer, 517
for splenic artery aneurysms, 450
for surgical site infection, 69–70, 134
for varicose veins, 474
for venous thromboembolism,

131–132, 469–470
for venous ulceration, 474

Ross operation, for aortic stenosis, 564
Roux-en-Y procedure

esophagojejunostomy, in total gas-
trectomy, 195

gastric bypass surgery for obesity, 196
Rovsing’s sign, in acute appendicitis,

271
Rupture

aneurysm, after endovascular repair,
501

splenic, 326

S
Saline, hypotonic, in fluid resuscita-

tion for diabetic ketoacidosis,
139

Saline infusion test, for autonomous
aldosterone secretion, 393

Salivary gland, malignancies of, 696
Salmonella enteritidis, diagnosis and

treatment of, 293
Sarcoma Meta-Analysis Collaboration

(SMAC) Group, 684–685
Sarcomas

pancreatic, 214
skin, 678
soft tissue, study of adjuvant therapy

in, 684–685
Scalene lymph node biopsy, 512
Scars, formation of, 80–81
Schatzki’s ring, 182
Schistosomiasis, portal hypertension

in, 245
Sciatic hernias, 352
Scintigraphy

biliary, 222
for cardiac function assessment, 

579
leukocyte, for mediastinitis diagno-

sis, 548
thallium-201, for evaluating is-

chemic heart disease, 440
Scleroderma, esophageal involvement

in, 182
Sclerosing adenosis, 662
Sclerotherapy, venous, 476–477
Scolicidal agents, in treating hydatid

cysts of the liver, 240
Scoring systems. See Classification;

Grading; Staging

Screening
for cancer, 297
for colorectal malignancy, impact on

mortality, 298–299
for hepatocellular carcinoma, 242
hormonal studies, 392
for pheochromocytomas, indications

for, 395
for primary aldosteronism, 393

Screening, for breast cancer, 655–657
Secondary intention healing, 85
Secondary spontaneous pneumothorax,

531
Secretin

effects in the pancreas, 201
release by enteroendocrine cells, 254

Secretion, from the small intestine,
253

Segmental contractions, colonic, 283
Selective decontamination of the di-

gestive tract (SDD), 524
Selective estrogen receptor modulator

(SERM), raloxifene as, 656
Selective venous sampling, in parathy-

roid evaluation, 372
Self breast examination (SBE), 656–657
Self-expanding stents, 494
Semilunar valves, anatomy of, 577
Sentinel lymph node dissection

(SLND), 666–667
Sentinel node biopsies, for melanoma

evaluation, 676
Sepsis, catheter, in central venous ali-

mentation, 24
Sepsis syndrome, 70–71
Septic disorders, lung diseases, lung

transplantation for treating, se-
lection criteria, 637

Septic shock, 70, 99–100
Sequestration of microbes, 64
Serine protease, inhibition of, by an-

tithrombin III, regulatory action
in coagulation, 40

Serology, in mediastinal lesion evalua-
tion, 552

Serosa, layer of the small intestine, 251
Serotonin, secretion by the appendix,

269
Sestamibi scintigraphy, technetium

99m, for parathyroid evaluation,
371–372

Severity stratification. See Grading;
Staging

Sexual dysfunction, from nerve dam-
age during rectal dissection, 290

Sexually transmitted diseases, of the
anorectum, 313–314

Shigella, diagnosing and treating infec-
tion by, 293

Shock
compensated, clinical presentation,

355

decompensated, in abdominal
trauma, 355

and resuscitation, 95–103
See also Hypovolemic shock; Septic

shock
Shone’s syndrome, 564
Short bowel syndrome, 264

intestinal failure due to, 631
Short gut syndrome, need for par-

enteral nutrition in, 13
Shouldice repair, of inguinal hernias,

339–340
Shunts

in carotid endarterectomy, 426
left-to-right, 560–561

congestive heart failure in, 559
for portal flow management, 247
right-to-left, 559, 562–563
in vascular injury, temporary, 484

Sickle cell anemia, 330
abdominal pain in, 153

Side effects
of azathioprine, 285
of methotrexate, 285
See also Complications

Sigmoid colon, cancer of, surgery for,
302

Sigmoidoscopy, flexible, for screening
for cancer, 297–298

Sigmoid volvulus, 294
Signal transduction

monoclonal antibody directed
against, 599

T-cell receptor activation, 593
Silver salts, uptake and reduction of,

by carcinoid tumors, 410
Simultaneous pancreas and kidney

transplantation (SPK), 617
rejection rate in, 619

Sinusitis, in burn patients, 125
Sinus venosus defects, 561
Sister Mary Joseph’s node, 193, 209
Size of primary tumor, and prognosis

of well-differentiated thyroid
cancer, 384

Skeleton, mediastinal lesions originat-
ing in, 552

Skin
cancer of, nonmelanoma, 678
hue of, and risk of melanoma, 671
infections of, 72–73
microflora of, 63–64
replacement materials, 86
substitutes, for managing venous ul-

ceration, 476
Skin graft

in burn injury, 119–120
granulation tissue as a indicator for,

79
Skin tags, in Crohn’s disease, 288
Sleeve lobectomy, in lung cancer, 514
Sliding hernia, defined, 335
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Small bowel
injuries to, 362
mucosal atrophy of, associated with

total parenteral nutrition, 138
obstruction of, in splenectomy, 332

Small-bowel follow-through (SBFT), for
diagnosing small intestine carci-
noid tumors, 263

Small cell lung cancer (SCLC),
507–508, 517

Small for gestational age (SGA) in-
fants, 702

Small intestine, 251–268
carcinoid tumors of, 411

Smoking
and arterial disease of the lower ex-

tremity, 459
exposure to tobacco, and head and

neck cancer incidence, 691
See also Cigarette smoking

Sodium ion
extracellular, 20
metabolism of, 30
renal conservation of, 29
See also Hypernatremia, in postsur-

gical patients; Hyponatremia,
perioperative

Soft tissues
infections of, 72–73
sarcoma of, 681–689

Solid disorders of the pleural space,
535–536

Somatostatin
effect of, on the gallbladder, 221
for nonoperative management in

Crohn’s disease, 260
of the pancreatic exocrine, 201
release from enteroendocrine cells, 255

Somatostatin receptor scintigraphy
(SRS), for localizing gastrinomas,
407

Somatostinoma, 408
Spastic disorders, esophageal, 173–174
Specialty treatment centers, outcomes

at, in soft tissue sarcoma, 685
Specificity, of the immune response,

589–590
Spectrin, deficiency of, in hereditary

spherocytosis, 329–330
Sphincterotomy, in anal fissures, 310
Spigelian hernia, 351
Spinal cord injury (SCI)

acute, emergency management of, 91
neurogenic shock in, 100

Spine, assumptions about injury to, in
emergency care, 90

Splanchnic perfusion, 158
Spleen, 325–333

injuries to, in abdominal trauma,
361–362

Splenectomy
in abdominal trauma, 361

for hairy cell leukemia, 328
for idiopathic thrombocytopenia pur-

pura treatment, 330
incidental, 331
indications for, 328–330
laparoscopic, 164

technique, 330–331
laparoscopic versus open, pediatric

retrospective studies, 331
open, 330
partial, 331
for staging lymphoma, 327–328

Splenic artery, ligation of, in laparo-
scopic splenectomy, 331

Splenic artery aneurysms (SAA),
450–451

Splenic flexure, cancer of, surgery for,
301–302

Splenorrhaphy
in abdominal trauma, 361
in adults, 329

Splenosis, defined, 332
Spontaneous pneumothorax, primary,

530
Squamous cell carcinoma, 678

of the anal margin, 315
of the anus, in patients with Crohn’s

disease, 288
esophageal, 179
of the head and neck, 692

second primary tumors in, 691
in lung cancer, 507

Staging
of acute pancreatitis, using com-

puted tomography, 203
of adenocarcinoma of the appendix,

277
of breast cancer, 662
of cholangiocarcinomas, 231
of colorectal cancer, 299–300
of esophageal cancer, 179–180
of gallbladder cancer, 230
of head and neck cancers, 693–694
of hepatocellular carcinoma, 242
of hilar carcinomas of the bile duct,

231
of Hodgkin’s lymphoma, 327
of intestinal lymphomas, 262–263
of lung cancer, 510–512
of melanoma, 672–674
of neuroblastoma, 716
of non-Hodgkin’s lymphoma, 327
of non-small-cell lung cancer, 514
of pancreatic cancer, and outcome,

213
of soft tissue sarcoma, 682–683
of thymomas, 553
of thyroid cancer, 385
See also Classification; Grading

Standardization, of procedures in ran-
domized control trials of
surgery, 5

Staplers, in colorectal surgery, 301
Starling relationship, 106
Statistical tests, types of, 10
Steal syndrome, subclavian, 441
Stenosis

anal, treating, 312
renal artery, causes of, 495

Stents
bowel, for relief of obstruction in re-

current colorectal cancer, 305
iliac artery, 463
intravascular, 494
for managing femoral artery

aneurysms, 465
renal artery, outcomes of placement,

497
stenosis or thrombosis of, in portal

decompression, 247
venous, in vascular trauma, 485

Stereotactic core breast biopsy, 658
Sternal defects, congenital, 707
Steroids

for acute spinal cord injury, 91
for Crohn’s disease, 259
effect on keloid formation, 84
for idiopathic thrombocytopenia pur-

pura, 330
prophylactic use of, 134–135
for temporal arteritis, 431
in triple-drug immunosuppression

after heart transplantation, 649
for ulcerative colitis, 289
See also Corticosteroids

Stewart-Hamilton equation, 114
Stomach, 185–197

injury to, in splenectomy, 332
in penetrating abdominal trauma,

362
Stomata, of the parietal pleura, 527
Stoppa repair, 341

of ventral hernias, 351
Storage defects, in red blood cells and

platelets, 52
Strangulated hernia, 335
Strangulation, in small intestine ob-

struction, 255–256
Streptogramins, prevention of bacterial

growth by, 66
Streptokinase, for thrombolysis, 473
Stress, gastric mucosal hemorrhage in,

138
Stress response, and steroid prophy-

laxis before surgery, 134–135
Stress ulcer, 192–193
Stricturoplasty, in Crohn’s disease,

258–259
String sign, carotid, 425
Stroke

and carotid endarterectomy, 429
timing of, 425

costs of, personal and financial, 423
defined, 424
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Stroke (continued)
risk of, in contrast arteriography,

425
as a symptom of cerebrovascular dis-

ease, 424
Stromal tumors, malignant, of the

small intestine, 262
Structure, of the esophagus, 168

assessing abnormalities in, 170–171
Subclavian artery

proximal, occlusive lesion of, 441
transposition of, 441

Subendocardial infarction, electrocar-
diographic changes characteris-
tic of, 571

Subfascial endoscopic perforator vein
surgery (SEPS), 476

Submucosa, layer of the small intes-
tine, 251

Subphrenic abscess, in splenectomy,
332

Subtotal colectomy, with primary
anastomosis, for cancer of the
rectum, 304

Subxiphyoid pericardiotomy, for treat-
ing pericardial trauma, 545

Subxyphoid pericardiocentesis, for car-
diac tamponade diagnosis, 521

Sudden cardiac death, after myocardial
infarction, 572

Sugiura procedure, 247
Sulfadiazine, silver, for treating burns,

86
Sulfasalazine

for treating Crohn’s disease, 285
for treating ulcerative colitis, 289

Sulfonamides, bacteriocidal action of,
67

Superior mesenteric artery (SMA), 251
aneurysms of, 451
repair of, in abdominal vascular in-

juries, 487
Superior sulcus tumor (Pancoast tu-

mor), radiotherapy for, 515
Superior vena cava syndrome, 549–550
Supraclavicular exploration, in treat-

ment of thoracic outlet syn-
drome, 445

Supraventricular arrhythmias, tach-
yarrhythmia, 578

Surgery
for aldosterone-producing adenoma,

392–393
for calculous disease, 228–229
for correcting secondary bacterial

peritonitis, 148
for Crohn’s disease, 285–288
for esophageal cancer, 180
for hepatocellular carcinoma, 242
for hydatid cysts of the liver, 240
indications for, in acute appendicitis,

275

for invasive breast cancer, 664
for recurrence of colorectal cancer,

305
for secondary microbial peritonitis, 73
for thyroid cancer, 383–384
for ulcerative colitis, 289–290
See also Surgical management

Surgical management
of aortic dissection, 437
of aortic rupture, 522
of aortoiliac occlusive disease, 461
of atherosclerosis, 441
of carcinoid disease, 412
in care of burn patients, 122–123
of congenital heart disease, 559–566
of descending necrotizing medias-

tinitis, 548
of gastrinoma

metastatic, 409
in multiple endocrine neoplasia

type 1, 417–418
of gastroesophageal reflux, 176
of insulinomas, 408
of islet cell tumors, 409
issues in heart transplantation,

646–648
of non-small cell lung carcinoma,

512–514
of pneumothorax, 529–530
of primary hyperparathyroidism,

373–374
relating to infectious diseases, 68–75
of renovascular hypertension, 455
of Takayasu’s arteritis, 443
in temporal arteritis, 442
of thoracic aortic aneurysms, 438
See also Management; Medical man-

agement; Surgical techniques
Surgical site infection (SSI), 69
Surgical techniques

for aneurysm repair in the thoracic
and thoracoabdominal aorta, 440

for aortic arch aneurysm manage-
ment, 439

for coronary artery bypass graft,
574–575

for intestinal transplantation, 631
for liver transplantation from a liv-

ing donor, 627
for living donor liver transplantation

recipient operation, 627
for neuroendocrine tumor manage-

ment, 410
for nonmelanoma skin cancers, 678
for open valve surgery, 581

Surgical treatment
of complications of coronary artery

disease, 576
of coronary artery disease, 572–576
in Crohn’s disease, 259–260
in cutaneous melanoma, 675
in head and neck cancer, 693–694

in infrainguinal occlusive disease,
461–462

versus percutaneous intervention, in
the aortoiliac circulation, 495

in popliteal entrapment, 466
in pyloric stenosis, pediatric, 708
in sarcoma

retroperitoneal, 686–687
soft tissue, 683–684
soft tissue metastasized to the

lung, 686
in small-bowel fistula, 260
in thoracic aortic aneurysm, 439
in thymomas, 553
in valvular heart disease, 580–583
in venous ulceration, 476–477

Surgical wound, infection of, in burn
injury, 124

Survival
after intestinal transplantation, 631
and local control, in soft tissue sar-

coma, 685
and metastasis, in carcinoid disease,

412
prolongation of, in pancreatic cancer,

212
in retroperitoneal sarcoma, 686–687

Swallowing
esophageal, phases of, 169
pharyngeal

disordered, 171–172
phases of, 169

Swan-Ganz catheter, placement of, 114
Syme’s amputation, 464
Sympathetic innervation, of the esoph-

agus, 169
Symptoms

of chronic venous insufficiency, 474
of colorectal cancer, 298–299
of Crohn’s disease, outside the gas-

trointestinal tract, 284
of deep venous thromboembolism,

471
of esophageal carcinoma, 179
of esophageal trauma, 522
in flail chest, 520
of gastroesophageal reflux, 175
of lung cancer, 509
of neuroendocrine tumor syndromes,

403
ocular, of temporal arteritis, 442
of pancreatic cancer, 212
of severe sepsis, 99
of tracheobronchial rupture, 522
of ulcerative colitis, outside the gas-

trointestinal tract, 289
in valvular heart disease, 580
of volvulus, 295
See also Clinical presentation

Syncope, in aortic stenosis, 578
Syndrome of inappropriate antidiuretic

hormone secretion (SIADH), 32
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Syphilis, anorectal, 313
Systematic error (bias), in trials, 9
Systemic arterial pressure, 113
Systemic inflammatory response syn-

drome (SIRS)
association with shock, 95
preventing with antibiotic therapy,

148–149
sepsis syndrome associated with, 70

Systemic responses, to burns, 123
Systemic therapy, of metastatic

melanoma, 678
Systolic pressure index, toe, 460

T
Tacrolimus (FK506)

for immunosuppression, 599
after heart transplantation, clinical

trials, 649
for treatment

of acute rejection, in heart trans-
plantation, 650

of ulcerative colitis, 289
Takayasu’s arteritis (pulseless disease),

430–431, 442–443
Tamoxifen, as a chemopreventive

agent in breast cancer, 656
Tandem lesions, in the carotid siphon

and ipsilateral carotid bifurca-
tion, 425

T-cell ablation, 600
T-cell receptor (TCR), 591

defined, 589
T cells

activation of, 591–592
CD4�, 591, 596
CD8�, 591
rejection mediated by, 596
Th1, cytokines expressed by, 593
Th2, cytokines expressed by, 593
See also B cells

Teicoplanin, prevention of bacterial
growth by, 66

Telangiectasias, 715
Telangiectatic vessels, treating with

sclerotherapy, 476
Temporal arteritis (giant cell arteritis),

431, 442
Tension pneumothorax, 531

in thoracic trauma, 519–520
“10/30” rule for transfusion, 52–53
Teratomas, germ cell, 554, 718
Testicular disorders, 714–715

atrophy, complication of hernia re-
pair, 342

torsion, 714–715
Tetanus immunization, in trauma

management, 90
Tetralogy of Fallot

presentation of, 559
surgical management of, 562

Thalassemia, splenectomy for treating,
330

T-helper lymphocytes, interaction
with B cells, 65

Thermodilution, for measuring cardiac
output, 114–115

Thermoregulation, in the newborn in-
fant, 702

Thoracentesis, for pleural effusion di-
agnosis, 532

Thoracic aorta
aneurysms of, posttraumatic, 438–439
diseases of, 435–448
injury to, 485–486

Thoracic outlet syndrome (TOS),
443–446

Thoracic Society of Australia and New
Zealand, standard for selecting
lung transplant recipients, 637

Thoracic trauma, 519
Thoracic vascular injuries, 485–486
Thoracoabdominal ectopia cordis, cleft

sternum with, 707
Thoracoscopy, for wedge resection, in

treating lung cancer, 511, 514
Thoracostomy

for patent ductus arteriosus closure,
561

for pulmonary soft tissue sarcoma
metastases, 686

resuscitative, 100–101
in thoracic trauma, indications for,

519
Thoracotomy

emergency, in vascular trauma, 485
in the emergency department, 523

Three-stage procedure, for surgery in
obstructing colon cancer, 304

Thrombin
formation in the tissue factor-factor

VII pathway, 39
role of, in coagulation inhibition, 40

Thrombocytopathies, 44
Thrombocytopenia

heparin-induced, 42
immune, 45

Thromboembolism
postoperative, in splenectomy, 332
venous

prophylaxis of, 131–132
after trauma, 489

See also Deep venous thrombosis
(DVT)

Thromboendarterectomy (TEA), for in-
nominate artery occlusion, 441

Thrombolysis
in acute arterial obstruction, 464
agents for, 42

in acute myocardial infarction,
572

in deep venous thromboembolism,
473

Thrombophlebitis
superficial, risk of venous throm-

boembolism related to, 470
suppurative, from intravascular

catheters, 71, 124–125
Thrombosis

acute, causing arterial obstruction,
464

of external hemorrhoids, 310
fever associated with, 412
graft, in pancreas transplantation,

619
hereditary tendency toward, 40
in mechanical valve dysfunction,

581–582
in mesenteric ischemia, 453
microvascular, mechanism of, in

graft rejection, 597
in renal transplantation, 612
in superior vena cava syndrome, 549

Thrombotic thrombocytopenia purpura
(TTP), 330

Thymectomy, for myasthenia gravis
management, 553

Thymic carcinomas, 553–554
Thymic selection, in development of T

cells, 591
Thymolipoma, 554
Thymoma

identifying, in mediastinal lesion
evaluation, 552

as a mediastinal lesion, 553
Thymus, link with myasthenia gravis,

553
Thyroglossal duct cysts, 705
Thyroid, 379–387

thyrotoxicosis, fever accompanying,
140

Thyroidectomy
early, in inherited medullary thyroid

carcinoma, 418
in Graves’ disease, 381

Thyroid function tests, 379
Thyroiditis, subacute, 381–382
Thyroid nodules, evaluation of,

382–383
Thyroid-stimulating hormone (TSH),

function of, 379
Thyroid storm, 379
Thyroxine, functions of, 379
Tight junctions, of the intestinal ep-

ithelium, 252
Tissue capnometry, 117
Tissue factor-factor VII pathway, acti-

vation of blood coagulation by,
39

Tissue factor pathway inhibitor (TFPI),
40

Tissue hypoxia, in cardiogenic shock,
98

Tissue matching, for renal transplanta-
tion, 610
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Tobacco, exposure to, and head and
neck cancer incidence, 691

Tolerance, to allografts, 600
Tongue, treatment of cancer of,

694–695
Topical therapy

for skin cancer, 679
for wound treatment, 85–86

Torticollis, 705
Total adrenalectomy, for managing

pheochromocytoma, 418
Total anomalous pulmonary venous

connection, 564
Total body water (TBW), 29
Totally extraperitoneal (TEP) repair, of

hernias, 341–342
Total lymphoid irradiation, for treating

allograft rejection, 650
Total pancreatectomy, comparison

with the Whipple resection, 
211

Total parenteral nutrition (TPN), 138
in small bowel syndrome, 264
See also Parenteral nutrition

Total proctocolectomy with end
ileostomy, in ulcerative colitis,
290

Total thoracic esophagectomy, 180
Total thyroidectomy

early, in MEN 2 patients, 418
in multinodular goiter, 381
proponents and opponents of,

383–384
Toupet fundoplication, 177
Toxicity, of cyclosporine, 599
Toxic substances, abdominal pain after

ingestion of, 153
Toxoplasma gondii, treating infection

by, 75
Trace metals, need for, in wound re-

pair, 83
Tracheobronchial rupture, 522
Tracheostomy, for ventilatory support,

108
Tranexamic acid

to reduce blood loss in surgery, 56
studies comparing with aprotinin in

cardiac surgery, 46–47
Transabdominal preperitoneal (TAPP)

repair
avoiding adhesion complications in,

343
for inguinal hernias, 341

Transaminase, levels of, in biliary sys-
tem disease, 222

Transanal endoscopic microsurgery
(TEM), 303

Transaxillary first rib resection, for
treating thoracic outlet syn-
drome, 445

Transcatheter coil occlusion, for par-
ent ductus arteriosus, 561

Transesophageal echocardiography
(TEE)

in aortic dissection evaluation, 436
in aortic injury, 486–487
in thoracic aortic aneurysm evalua-

tion, 438
Transforming growth factor-�, stimula-

tion of collagen synthesis, in
wound repair, 81

Transfusion, 51–59
alternatives to, 97
coagulopathy following, 47
directed, safety of, 137
fever following, 142
immunosuppression associated with,

101
indications for, 137–138
jaundice from, 189
for the newborn infant, 702
reduced survival following, in cancer

surgery, 212
Transhiatal esophagectomy, 180
Transient ischemic attacks (TIAs), 424
Transjugular intrahepatic portasys-

temic shunting (TIPS), in portal
hypertension, 246–247

Transmural infarction, electrocardio-
graphic changes characteristic
of, 571

Transmyocardial laser revasculariza-
tion (TMR), 576

Transplantation
heart, 645–652
in hypoplastic left heart syndrome,

564
intestinal, 630–632

in small bowel syndrome, 264
kidney, 607–615
liver, 623–630

in hepatocellular carcinoma, 243
in variceal bleeding with decom-

pensated cirrhosis, 247
lung, 637–643
pancreas, 617–621

Transposition of the great arteries,
563–564

corrected, 565
cyanosis in, 559

Transthoracic needle aspiration
(TTNA), for evaluating lung can-
cer, 511

Transudative effusions, 533
Transverse colon, cancer of, surgical

procedures, 301
Trauma

care in, 89–94
hemothorax caused by, 535
lung, 519–523
risk of venous thromboembolism re-

lated to, 469–470
shock in, 97
splenectomy for, 328–329

thoracic aortic aneurysm due to,
438–439

vehicular, effects of alcohol levels
in, 92–93

See also Injury
Traumatic brain injury (TBI), initial

management of, in abdominal
trauma, 355

Treatment
of acute pancreatitis, 203–206
of aldosterone-producing adenoma,

392–393
of allograft rejection, 629–630
of artery aneurysms, 452–453
of benign exudative pleural effu-

sions, 534
of breast cancer, stage I or stage II,

664–668
of carcinoid disease, 412
of cardiac tamponade, 541
of cardiovascular dysfunction, 106
of caustic ingestion, 182
of cholangiocarcinomas, 231
of choledocholithiasis, 225
of cholelithiasis, 227
of chronic pancreatitis, 206–208
of disordered pharyngoesophageal

swallowing, 172
of duodenal ulcer, 187–188
of esophageal cancer, 180
of esophageal perforation, 181
of fibrosing mediastinitis, 549
of gallbladder cancer, 230
of gastroesophageal reflux, 175–177
of head and neck cancer, 693–694
of hepatic cysts, 238
of hiatal hernia, 178–179
of hydatid disease, 240–241
medical versus surgical, in gastroe-

sophageal reflux, 176–177
of mesenteric ischemia, 453
modality of, and prognosis of well-

differentiated thyroid cancer,
385

of neuroendocrine tumors, 408–409
of neurological dysfunction, 105
nonoperative, of small intestine ob-

struction, 256
of nosocomial pneumonia, 524–525
operative, in small intestine obstruc-

tion, 256
options in, retrospective studies in

postoperative mediastinitis, 
549

of pancreatic cancer, 209–210
of pancreatic pseudocysts, 208
of pneumothorax, 529
of pulmonary dysfunction, 108
of renal dysfunction, 110
of small bowel syndrome, 264
of small intestine obstruction,

255–256

7 5 8 INDEX



of soft tissue sarcoma, localized pri-
mary, 683

of spastic esophageal disorders,
173–174

surgical
of Meckel’s diverticulum, 264
in small bowel syndrome, 264

of venous thromboembolism,
473–474

See also Medical management; Sur-
gical management; Surgical
treatment

Treponema pallidum, diagnosis and
treatment, 313

Triage
of burn patients, estimating the ex-

tent of injury, 119
in trauma management, 89

Triangle of doom, of the preperitoneal
space, 337

Triangle of pain, of the preperitoneal
space, 337

Triazole agents, antifungal activity of, 67
Tricuspid atresia, 562–563
Tricuspid regurgitation, 579
Tricuspid valve

anatomy of, 577
stenosis of, correcting, 580

Triple helix, right-handed, of collagen,
78

Trisomy 21. See Down syndrome (tri-
somy 21)

Trocars, placement of
for laparoscopic splenectomy, 331
for laparoscopic surgery, 157

Tropics, common acute abdomen
causes in, 155

Troponin, level of, in blunt trauma,
523

Truncus arteriosus
pulmonary artery banding in,

560–561
surgical management of, 562

Tube feeding, initiation of, 19–20
Tuberculosis, pericardial disease in,

543
Tube thoracostomy, for pneumothorax

treatment, 529
Tubular adenomas, colonic, 300
Tubular injury, intrarenal failure from,

110
Tumor invasion, and prognosis of

well-differentiated thyroid can-
cer, 384

Tumor markers, in hepatocellular car-
cinoma, 241

Tumor necrosis factor-� (TNF-alpha),
response in endotoxin challenge,
65

Tumors
biology of, in carcinoid disease,

410–411

esophageal, 179–181
in the liver, recurrence rates for, 243
mediastinal, associated clinical syn-

dromes, 551
trocar site recurrence of, following

laparoscopy, 160
See also Cancers; Carcinoma

Tumor suppressor genes, association
with colorectal cancer, 297

Turcot’s syndrome, 307
Turner’s syndrome

aortic dissection associated with,
435

coarctation of the aorta associated
with, 559

Type II error, managing in clinical tri-
als, 10

U
Ulcerative colitis (inflammatory bowel

disease), 288–290
comparison with Crohn’s disease,

284, 286
study of nutritional support in

surgery for, 14–15
Ulcers

complication of operations for treat-
ing, 189–191

lower-extremity, 82
obstructing, vagotomy and antrec-

tomy to treat, 189
recurrence of, 191
small-bowel, 265–266

Ultrasound/ultrasonography
in abdominal trauma, 356–358
for adrenal imaging, 390
for carcinoid localization, 411
of choledochal cyst, in the fetus, 712
for detecting biliary system disease,

229
for diagnosis

of hepatocellular carcinoma, 241
of pancreatic cancer, 209

Doppler
for calculating blood flow rate,

116
for imaging in soft signs of vascu-

lar injury, 483
duplex

in arterial disease of the lower ex-
tremity, 460

for diagnosis, of chronic venous
insufficiency, 475

for diagnosis, of proximal vein
deep venous thromboembolism,
471

for imaging in aortoiliac occlusive
disease, 452

for imaging in chronic mesenteric
ischemia, 454

for imaging in mesenteric is-
chemia, 453

for imaging in renal artery occlu-
sive disease, 454

for imaging in soft signs of vascu-
lar injury, 483

for imaging the carotid bifurca-
tion, 425

endoscopic, 171
for evaluation

of abdominal injuries, 91
of abdominal obstruction, 255
of acute abdomen, 151
of acute appendicitis, 272
of hepatic cysts, 238
of mediastinal lesions, 552
of pancreatitis, 203
of parathyroid glands, 371
of pathological changes in the gall-

bladder, 222
laparoscopic, before laparotomy in

hepatocellular carcinoma, 243
pelvic, of the gastrointestinal tract,

151
Umbilical hernias, 350, 713
Unfractionated heparin (UFH), for

treating venous thromboem-
bolism, 473

United Network of Organ Sharing
(UNOS)

comparison of living and cadaveric
donor grafts, 603

data on transplant statistics, 614–615
waiting list for liver transplantation,

624
University of Wisconsin solution, for

organ preservation, 603–604
Unna boot therapy, for venous ulcera-

tion treatment, 476
Uremia

desmopressin to correct prolonged
bleeding time in, 44

pericarditis caused by, 545
Urinary bladder, 59
Urinary retention, from nerve damage

during rectal dissection, 290
Urinary tract infections (UTIs), noso-

comial, 68, 142
Urine leak/obstruction, after renal

transplantation, 612
Urokinase, for thrombolysis, 473
Urological complications, after pan-

creas transplantation, 620
Urosepsis, hemodynamic instability

caused by, 152

V
Vaccines, for melanoma, 678
Vagotomy, parietal cell, 188–189
Vagus nerve

role in gastric acid secretion, 186
role in gut contractile activity, 187

Valvular heart disease, 576–583
diagnosis of, 579
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Vancomycin
prevention of bacterial growth by, 66
resistance to, and appropriate use of,

70
for treating Clostridium difficile in-

fection, 293
Variceal bleeding, vasopressin versus

octreotide in, clinical trials, 246
Varicella zoster virus (VZV)

abdominal pain in infection by, 153
infection following liver transplanta-

tion, 630
treating, 74

Varicose veins, risk of venous throm-
boembolism related to, 470

Vascular access
in endovascular procedures, 489
for kidney dialysis, 608

Vascular disorders
mediastinal lesions, 552
minimally invasive approaches to,

493–503
Vascular endothelial growth factor

(VEGF), role in wound repair, 82
Vascular injury

in hernia repair, 343
in splenectomy, 332
from trauma, 481–491

Vascular rejection, in allografting, 597
Vascular rings, congenital, surgical re-

pair in, 566
Vascular system, infections involving,

71–75
Vasculitides, large cell, 442
Vasculitis, mesenteric, abdominal pain

in, 153–154
Vas deferens, injury to, in hernia re-

pair, 342–343
Vasoactive compounds

drugs for treating shock, list,
106–107

vasodilators, for cardiogenic shock,
99

Vasoactive intestinal peptide (VIP), ef-
fect of, on the gallbladder, 221

Vasoactive intestinal peptide tumor
(VIPoma), 407–408

Vasoconstriction, in primary hemosta-
sis, 39

Vasomotor tone, in septic shock, 99
Vasopressin

for inotropic support after heart
transplantation, 648

to reduce blood loss in surgery, 56
to support blood pressure in dialysis,

110
Vasospasm, coronary, 570–571
Vein stripping, in venous ulceration,

476
Vena cava, for parenteral access, 21
Venography, contrast, for evaluating

thoracic outlet syndrome, 445

Venous collateral anatomy, 549
Venous disease, and pulmonary em-

bolism, 469–479
Venous drainage

of the adrenal glands, 389
anorectal, 283
of the colon, 281–282
of the esophagus, 169
of the small intestine, 251
systemic versus portal, in pancreas

transplantation, 618
Venous insufficiency, evaluation of,

475
Venous pressure, in small intestine ob-

struction, 255
Venous reconstruction, 476
Venous reflux, 475
Venous stasis, in pneumoperitoneum,

158
Venous system

coronary, anatomy of, 570
injuries to the extremities, 489

Venous thoracic outlet syndrome, 445
Venous thromboembolism (VTE),

469–474
Venous valve repair, 476
Venovenous bypass, in liver transplan-

tation, 626
Ventilation/perfusion (V/Q) scan, for

diagnosing pulmonary em-
bolism, 472–473

Ventilator modes, 109
Ventral hernias, 350–351
Ventricular-assist devices (VADs), for

patients waiting for heart trans-
plantation, 646

Ventricular septal defects (VSD), surgi-
cal management of, 561–562

Ventriculostomy, for monitoring in-
tracerebral pressure, 91

Vertebral artery, injuries to, 485
Vertebrobasilar ischemia, after carotid

endarterectomy, 429
Vertical banded gastroplasty (VBG),

comparison with Roux-en-Y-gas-
tric bypass, 195

Very low birth weight (VLBW) infants,
702

Vessels, of the esophagus, 168–169
Veterans Administration Cooperative

Study, of surgery versus percuta-
neous transluminal angioplasty,
495

Villous adenomas, colonic, 300
Viral colitides, 293–294
Viral infections, 74

benign exudative pleural effusions
in, 534

and the etiology of cancer, of the
head and neck, 691

after liver transplantation, 630
after lung transplantation, 641

Virchow’s node
in gastric carcinoma, 193
in pancreatic cancer, 209

Virchow’s triad, 158
Virulence, defined, 62–63
Viruses, identifying, 62. See also Cy-

tomegalovirus; Hepatitis virus
infection; 

Herpes simplex virus; Human im-
munodeficiency virus 

(HIV) infection; Human papilloma
virus

Visceral artery aneurysms, 450–452
Visceral injury, in hernia repair, 343
Visceral innervation, pathways of, 149
Visceral pleura, 527
Vitamin A (retinoic acid), role in

wound repair, 83
Vitamins 

B6, role in wound repair, 83
B12

malabsorption of, 265
requirement of intrinsic factor for

absorption of, 191
C

role in wound healing, 83
supplementation of, in blood dona-

tion for autologous transfusion,
137–138

D3 (1,25-dihydroxycholecalciferol),
regulation of serum calcium lev-
els by, 369

K
administration of, to the newborn

infant, 703
for coumarin reversal, in nonelec-

tive surgery, 46
deficiency of, and coagulation fac-

tors, 44–45
half-life of coagulation factors de-

pendent on, 41
requirement for, in synthesis of

coagulation factors, 40, 41
Volume, and outcomes in outcome re-

search, 7
Volume resuscitation, choice of fluid

for, in hypovolemic shock,
96–97

Volvulus, intestinal, 294–295
von Hippel-Lindau syndrome, congeni-

tal cysts of the pancreas in, 199,
214

von Willebrand factor
congenital deficiency of, 44
effect on, of desmopressin (deamino-

D-arginine vasopressin), 43
role in hemostasis, 39

Vulvar cancer, melanomas, 676

W
Warfarin, for venous thromboem-

bolism, 473–474
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Wedge resection, in lung cancer, 514
Wermer’s syndrome. See Multiple en-

docrine neoplasia
Westermark’s sign, of pulmonary em-

bolism, 472
Whipple procedure, in resection for

pancreatic cancer, 210–211
White blood cells

count of, in acute appendicitis, 271
at a wound site, 77

William’s syndrome, supravalvar aortic
stenosis associated with, 559

Wilms’ tumor, 716
Wire localization biopsy, 658
Witzel tunnel, 18
World Health Organization (WHO),

classification system for sarco-
mas, 681

Wounds, 77–88
burn, care of, 122–123
closure of, and infection, 69–70
complications of, in splenectomy, 332
infection of, in hernia repair, 343
penetrating, soft signs of vascular in-

jury in, 482

X
Xenografts, defined, 589
Xenotransplantation, 600
Xeroderma pigmentosa, skin cancer as-

sociated with, 678
X-rays

chest
assessing esophageal abnormalities

from, 170
in pericardial effusion, 540

for evaluation
of abdominal vascular injuries, 487
of bowel obstruction, 255
of diverticulitis, 291

See also Radiography/radiologic
studies

Y
Yersinia enterocolitica, acute appen-

dicitis caused by, 277

Z
Zenker’s diverticulum, treating, 174
Zinc, for treating venous ulceration,

476
Zollinger-Ellison syndrome (ZES),

405–407, 417–418
secretin test for, 254
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