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Foreword to the First Edition
This book is just what I want to read, and it appears just
when I want to read it. When I look at the outline of ques-
tions and topics that Dr. Fleisher chose to present, it is
obvious that those are the very questions I want
answered; at least one of those questions seems to nag at
me every day. Rather than just presenting the reader with
a problem and laying out the evidence, then leaving the
reader in a dilemma of having to make the choice, the
authors state the actions they would take and explain
why. This in no way restricts the readers, however; it just
gives them an idea of what the experts in the field would
do in a given situation. It is clear that Dr. Fleisher selected
the authors carefully to have a balanced presentation by
the experts in their fields. He did an outstanding job of
editing this book (I am, of course, biased because he is
my coeditor on Essence of Anesthesia Practice, and I know
the great work he did on that book).

An example of why I think this is such an outstanding
work is the chapter “Should a Child with Respiratory Tract
Infection Undergo Elective Surgery?” Drs. Easley and
Maxwell not only introduce the problem but also give the
evidence that proceeding immediately with surgery
increases risk. They present the evidence that delaying sur-
gery may decrease risk, and, rather than leave the reader in
the lurch, conclude that they would delay surgery for 2 to
4 weeks in patients with upper respiratory infection and
symptoms and for 4 to 6 weeks in those with acute lower
respiratory infection. They state clearly that this is their
opinion and that the existing evidence is not conclusive
enough to be definitive. They then offer the references if
one wants to pursue the question in greater detail.

This book is a great educational tool for the private
practitioner who wants to know what the experts in
the field would do in a given situation. It is also a great
book for the resident and faculty member who can learn
how to handle a wide range of important issues, such as
how to handle perioperative hypothermia, whether the
choice of muscle relaxant affects outcome, what to do to
prevent peripheral nerve injuries, or whether patients with
obstructive sleep apnea should be admitted to the ICU.

I intend to buy two copies of this book—one to keep at
home and use to prepare for the next day, and one to keep
at work. I plan on relying heavily on this book for teach-
ing in the operating room. I think it is a superb addition
to our educational armamentarium and hope you enjoy
it as much as I did.

Michael F. Roizen, MD
xv





Preface
It has been 5 years since the publication of the first
edition of Evidence-Based Practice of Anesthesiology. I am
indeed fortunate to collaborate with my publisher at
Elsevier, Natasha Andjelkovic, who, when I initially pro-
posed this idea to Elsevier, had the foresight to recognize
that this approach to the practice of medicine had become
critical with respect to clinical care and education. I was
extremely pleased that many practitioners, especially resi-
dents, found useful the approach taken to critical ques-
tions in the first edition. In editing the second edition, I
maintained the approach and format of the earlier edition
and updated important topics with ongoing controversy
and added many new topics for which there is increasing
evidence on how best to practice. It is my hope that the
field of anesthesiology and perioperative medicine will
continue to grow with increasing high-quality investiga-
tions, particularly randomized trials, to expand our evi-
dence base and help practitioners provide the highest
quality of care.

I am indebted to several people who were critical in the
publication of the second edition of Evidence-Based Practice
of Anesthesiology. I would like to particularly acknowledge
my executive assistant, Eileen O’Shaughnessy, who kept
the authors and myself on track and assisted with the
editing of many chapters. In addition to my publisher,
I would also like to thank Marla Sussman, our develop-
mental editor. I hope this book will provide the answers
to many of your daily anesthesia questions.

Lee A. Fleisher, MD
xvii







1
 Evidence-Based Practice
Parameters—The American
Society of Anesthesiologists
Approach

David G. Nickinovich, PhD; Richard T. Connis, PhD; Robert A. Caplan,
MD; and James F. Arens, MD
The American Society of Anesthesiologists (ASA) con-
tinues to improve and refine its evidence-based approach
to the development of practice parameters. The intention
of ASA practice parameters is to enhance and promote
the safety of anesthetic practice and provide guidance or
direction for the diagnosis, management, and treatment
of clinical problems. Specifically, ASA evidence-based
practice parameters consist of a “broad body of docu-
ments developed on the basis of a systematic and standar-
dized approach to the collection, assessment, analysis
and reporting of: (1) scientific literature, (2) expert opin-
ion, (3) surveys of ASA members, (4) feasibility data and
(5) open forum commentary.”1 Evidence-based practice
parameters may take the form of standards, guidelines,
or advisories.

Before 1991, ASA practice parameters were consensus-
based documents, consisting primarily of practice stan-
dards. These practice standards focused on simple aspects
of patient care and applied to virtually all relevant anes-
thetic situations, as reflected in the ASA Standards for Basic
Anesthetic Monitoring.2 The dissemination of these stan-
dards soon positioned the ASA and the Anesthesia Patient
Safety Foundation of the ASA at the forefront of medical
practice by demonstrating the benefits of a proactive
approach to patient safety.

However, many aspects of clinical practice could not
be adequately covered by the relatively limited and pre-
scriptive recommendations of practice standards. When
broader and more flexible clinical recommendations were
needed, the ASA developed and published practice guide-
lines. Initially, practice guidelines were developed on the
basis of evidence generated by the same methodology
used in the development of practice standards at the time,
namely the consensus of experts.

Recognizing that a more extensive and elaborate meth-
odology was needed to evaluate the increasing breadth
and complexity of issues addressed by practice guide-
lines, the ASA Committee on Standards and Practice Para-
meters (Committee) determined that the systematic
evaluation of scientific evidence was necessary in addition
to expert opinion. Consequently, in 1991, the ASA adopted
an evidence-based model for the evaluation of scientific lit-
erature similar to that in use by the Agency for Health Care
Policy and Research (now the Agency for Healthcare
Research and Quality [AHRQ]). Combining a systematic
synthesis of the literature with expert opinion, ASA pub-
lished the first two evidence-based practice guidelines in
1993.3,4 In developing these guidelines and recognizing
the unique properties of the anesthesia literature and the
practice of anesthesiology, the Committee realized that
further changes in the methodology used were needed.
Over the next few years, a multidimensional approach to
guideline development evolved that contained four critical
components: (1) a rigorous review and evaluation of all
available published scientific evidence, (2) meta-analytic
assessment of controlled clinical studies, (3) statistical
assessment of expert and practitioner opinion obtained by
formally developed surveys, and (4) informal evaluation
of opinions obtained from invited and public commentary.
ORGANIZATIONAL CONTEXT

The ASA evidence-based practice parameter process typi-
cally begins with the Committee identifying an issue or
clinical problem and appointing a task force of 8 to 12
anesthesiologists who are recognized experts on the issue
or clinical problem and who therefore are able to advise
the Committee on the need for a practice parameter. Task
force members are carefully chosen to provide a balance
between private practice and academia, and to ensure rep-
resentation across major geographic areas of the United
States. Non-anesthesiologists may also be appointed to a
task force when the Committee has determined that such
an appointment is appropriate (e.g., the appointment of
a radiologist to the magnetic resonance imaging [MRI]
task force).

If the task force determines that an evidence-based
practice parameter is needed, it begins the process of
defining goals and objectives within the mandate of the
3



Table 1-1 Sources of Evidence for Practice
Parameters

Source of Evidence Type of Evidence

Randomized controlled
trials

Comparative statistics

Nonrandomized
prospective studies

Comparative statistics

Controlled observational
studies

Correlation/regression

Retrospective comparative
studies

Comparative statistics

Uncontrolled observational
studies

Correlation/regression/
descriptive statistics

Case reports No statistical data
Consultants Survey findings/expert opinion
ASA members Survey findings/opinion
Invited sources Expert opinion
Open forum commentary Public opinion
Internet commentary Public opinion

4 Section I INTRODUCTION
Committee. In addition, it identifies approximately 75 to
150 peer-review consultants to serve as an external source
of opinion, practical knowledge, and expertise. Consul-
tants typically are recognized experts in the subject matter
and, similar to task force members, represent a balance of
practice settings and geographic locations. On occasion,
individuals from non-anesthesia medical specialties or
organizations are selected as consultants.

To begin development of an evidence-based practice
parameter, a conceptual survey of the task force is con-
ducted to identify target conditions, patient or clinical pre-
sentations, providers, interventions, practice settings, and
other characteristics that help define or clarify the param-
eter. Members of the task force then collectively develop
a list of evidence linkages based on their responses to
this conceptual survey. These evidence linkages represent
statements of explicit relationships between particular
aspects of anesthetic or clinical care and desired outcomes.
The linkages form the foundation on which evidence is
collected and organized, thereby providing the structure
within which recommendations and advice are formu-
lated. When possible and appropriate, evidence linkages
are designed to describe comparative relationships between
interventions and outcomes. For example, the linkage state-
ment “spinal opioids versus parenteral opioids improve
maternal analgesia for labor” identifies a specific interven-
tion (spinal opioids), a comparison intervention (parenteral
opioids), and a specific clinical outcome (maternal analge-
sia) thought to be affected by the intervention. Once all of
the evidence linkages for the parameter are specified, the
task force then begins the process of collecting evidence.

SOURCES OF EVIDENCE FOR PRACTICE
PARAMETERS

The ASA evidence-based process begins with the assump-
tion that there is a sufficient body of scientific literature
to produce evidence-based guidelines and clinical recom-
mendations. Table 1-1 shows sources of information col-
lected by a task force. The accumulated evidence will
determine whether the document is either a guideline or
an advisory. Three major sources of evidence are con-
sidered: (1) descriptive summary data from the literature
(e.g., means, ranges, sensitivity/specificity), (2) consen-
sus-based information obtained from formal surveys,
and (3) when sufficient numbers of randomized controlled
studies are available, meta-analytic findings.

The Literature Search

The initial literature search includes a computerized
search of the National Library of Medicine and other large
reference sources when applicable, and usually yields
2000 to 5000 citations for each practice parameter. Manual
searches are also conducted, with supplemental references
supplied by members of the task force and consultants.

In the selection of published studies, three conditions
must be met. First, the study must address one or more of
the evidence linkages being considered. Second, the study
must report an anesthetic or clinical outcome or set of find-
ings that can be tallied or quantified, thereby eliminating
reports that contain only opinion (e.g., editorials, news
reports). Third, the study must be an original investigation
or report. Thus, review articles, books or book chapters,
and manuscripts that report findings from previous publi-
cations are not used as a source of evidence. After the ini-
tial electronic review, letters, editorials, commentaries,
and other literature with no original data are also removed
from consideration. Typically, 1000 to 2500 articles remain
that are suitable for library retrieval and further review.

Evaluating and Summarizing the Literature

The literature review focuses on evaluating studies that
directly address an evidence linkage. When a study
reports an outcome relevant to a given practice parameter,
the findings related to that outcome are initially classified
as directional evidence. Directional evidence refers to a
designation of the extent to which beneficial or harmful
clinical outcomes were found to be associated with a par-
ticular intervention. Each reported outcome is numerically
classified as 1 (beneficial), �1 (harmful), or 0 (neutral).
These values are then averaged across all studies to obtain
an aggregate directional assessment of support or refuta-
tion. Although this aggregated directional assessment is
not intended to provide a statistical finding, it nonetheless
does provide a useful general indication of the positioning
of a particular intervention on a continuum of clinical
benefit and harm. Moreover, a directional finding may
suggest that a one-tailed relationship exists between a
clinical intervention and an outcome of interest, and it
may justify proceeding with a statistical evaluation using
meta-analysis when sufficient numbers of controlled stud-
ies are available.

All relevant articles, regardless of study design, are con-
sidered and evaluated during the development of an ASA
evidence-based practice parameter. Although randomized
prospectively controlled trials usually provide the strong-
est evidence, findings from studies using other research
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designs also provide critical information. For example, a
nonrandomized comparative study may provide evidence
for the differential benefits or risks of selected inter-
ventions. Observational studies may report frequency or
incidence data that can indicate the scope of a problem,
event, or condition or may report correlational findings
suggesting associations among clinical interventions and
outcomes. In addition, case reports may describe adverse
events that are not normally reported in controlled studies
and that can be the source of important cautionary nota-
tions within a recommendation or advisory. Case reports
may also be the first indication that a new drug or tech-
nique is associated with previously unrecognized benefit
or unwanted side effects.

One of the strengths of the ASA protocol for devel-
oping evidence-based practice parameters is that the pri-
mary search and evaluation of the literature is jointly
conducted by the methodologists and clinicians who serve
as members of the task force. Consequently, the research
design and statistical aspects, as well as the clinical and
practical significance of a study, are appropriately and
thoroughly evaluated. In evaluating this protocol, formal
reliability testing among task forcemembers andmethodol-
ogists is conducted. Interobserver agreement for research
design, type of analysis, linkage assignment, and study
inclusion is calculated using both two-rater agreement
pairs (Kappa) and multirater chance-corrected agreement
(Sav) values.5,6 These values are reported in the final pub-
lished document.

Evaluating and Summarizing Consensus
Opinion

Literature-based scientific evidence is a crucial component
of the process of evidence-based practice parameter devel-
opment, but the literature is never the sole source of evi-
dence in the development of evidence-based practice
parameters. The task force always supplements scientific
findings with the practical knowledge and opinions of
expert consultants. The consultants participate in formal
surveys regarding conceptualization, application, and fea-
sibility issues, and they also review and comment on the
initial draft report of the task force. Opinion surveys of
the ASA membership are also conducted to obtain addi-
tional consensus-based information used in the final devel-
opment of an evidence-based practice parameter. The
evidence obtained from surveys of consultants and ASA
members represents a valuable and quantifiable source of
evidence, critical to formulation of effective and useful
practice parameters.

In addition to survey information and commentary
obtained from consultants and practitioners, the task force
continually attempts to maximize the amount of consensus-
based information available by obtaining opinions from
a broader range of sources. These sources include com-
ments made by readers of a Web posting of a draft of
the practice parameter (www.asahq.org) and comments
from attendees of one or more public forums scheduled
during major national meetings. After collection and anal-
ysis of all scientific and consensus-based information,
the draft document is further revised and additional
commentary or opinion is solicited from invited sources,
such as the ASA board of directors and presidents of
ASA component societies.

Meta-Analysis

When sufficient numbers of controlled studies are found
addressing a particular evidence linkage, formal meta-
analysis for each specific outcome is conducted. For studies
containing continuous data, either general variance-based
methods or combined probability tests are used. When
studies report dichotomous outcomes, an odds-ratio proce-
dure is applied. In summarizing findings, an acceptable
significance level typically is set at p < 0.01 (one-tailed)
and effect size estimates are determined.

Reported findings in the anesthesia literature often use
common outcome measures, thereby enhancing the like-
lihood that aggregated (i.e., pooled) studies will be homo-
geneous. Because homogeneity is generally expected, a
fixed-effects meta-analytic model is used for the initial
analysis. If the pooled studies for an evidence linkage
are subsequently found to be heterogeneous, a random-
effects analysis is performed, and possible reasons for
the heterogeneous findings are explored. These heteroge-
neous findings are reported and discussed as part of the
literature summary for an evidence linkage.

Whenever possible, more than one test is used so that a
more complete statistical profile of the evidence linkage
can be evaluated. For example, when a set of studies
allows for more than one meta-analysis (e.g., using both
continuous and dichotomous findings), separate meta-
analyses are conducted and there must be agreement
between the separate findings for the results of the ana-
lysis to be considered conclusive. Additionally, these
analyses should be in agreement with the directional
evaluation of the literature and with consensus opinion
before an unequivocal supportive recommendation is
offered. If disagreements occur, they are fully reported
in the summary of evidence and usually acknowledged
in caveats or notations following the recommendation
for the evidence linkage.

GUIDELINE OR ADVISORY DETERMINATION

For an evidence-based practice parameter to be consid-
ered a guideline, all three sources of evidence (directional
evidence from the literature, supporting agreement from
the consultants and ASA members, and meta-analytic
support) must be present. If, given the nature of the topic,
sufficient controlled studies are not available, an evidence-
based practice advisory is formulated to assist practi-
tioners in clinical decision making and matters of patient
safety.

The evidence-based practice advisory is a recent inno-
vation developed by the Committee and authorized by
the ASA in 1998 in response to the increasing need for
expansion of the evidence-based process to areas where
randomized controlled trials are sparse or nonexistent.
This innovation allowed the ASA tremendous flexibility
in applying the evidence-based process to a broader scope
of topics.

http://www.asahq.org
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The evidence-based protocol for a practice advisory is
identical to that used in the creation of evidence-based
practice guidelines. A systematic literature search and
evaluation of the literature are formally conducted. For-
mal survey information is obtained from consultants and
a sample of the ASA membership, as well as informal
input from public posting of draft copies of an advisory
on the ASA website, open forum presentations, and other
invited and public sources.

The available evidence is then synthesized, and a practice
advisory document is prepared. The intent is to produce a
report that summarizes the current state of the literature,
characterizes the current spectrum of clinical opinion, and
provides interpretive commentary from the task force.
THE FINAL PRODUCT

A typical practice guideline or advisory requires approxi-
mately 2 years for completion at a cost of $200,000 to
$300,000. Periodic updates occur 7 to 10 years after publi-
cation, unless circumstances require an earlier update.
These documents are published in Anesthesiology and are
available on the journal’s website (www.anesthesiology.
org), as well as on the ASA website (www.asahq.org).
Supporting material is also available on the journal’s
website or can be requested from the ASA.

Since adopting the evidence-based model in 1991, the
ASA has developed and approved 13 evidence-based
practice guidelines, 6 guideline updates, and 6 evidence-
based practice advisories. Currently, no evidence-based
practice standards are planned.

ASA evidence-based practice guidelines and advisories
are presented in a format that emphasizes the clinical
use of the recommendations/advice for the practitioner.
Anesthesiologists and other anesthesia care providers are
generally interested in easily accessible, specific recom-
mendations/advice about how to provide optimal care
to their patients. Detailed rationales or descriptions of
techniques, exhaustive critiques of the literature, or elabo-
rate cost-benefit analyses are usually of secondary con-
cern. The ASA has elected to provide documents that are
brief and succinct, with supportive information available
in summary form within the guideline or advisory, in an
appendix, at the ASA website, or by request.

The general structure of ASA practice guidelines and
advisories consists of an introductory section, a guide-
lines/advisory section, and supporting information (e.g.,
tables, figures, or appendices). The introductory section
contains the ASA definition of practice guidelines or
advisories, followed by a discussion of the focus, applica-
tion, and methodology used in the guideline/advisory
development process. The guidelines or advisories section
is serially divided into subsections, each based on a sepa-
rate evidence linkage. Each evidence linkage subsection is,
in turn, divided into two parts: an evidence summary and
recommendations or advice.

The evidence summary subsection contains a description
of the literature, generally including statements concerning
the availability of literature, the strength of evidence
obtained from the literature, and details about particular
aspects of the literature necessary for a clear interpretation
as it pertains to the evidence linkage. Consultant andmem-
bership survey findings are also summarized, in addition
to discussion of other opinion-based information when
warranted.

Because it is assumed that the intended readers of the
document are knowledgeable regarding the topic, the
recommendations or advisories subsections are brief and to
the point, with explanations added only if required for
clarification. Cautionary notations may accompany a rec-
ommendation or advisory when deemed necessary by
the task force. Extensive literature critiques are not pre-
sented in the main text of the document, but details of
the literature evaluation, as well as opinion-based data,
are included in appendices or are available on request.

The ASA evidence-based practice parameters are dis-
tributedworldwide andhave beenwell receivedwithin both
the anesthesia community and allied medical professions.
SUMMARY

Evidence-based practice parameters are important decision-
making tools for practitioners, and they are particularly
helpful in providing guidance in areas of difficult or com-
plex practice. They can be instrumental in identifying areas
of practice that have not yet been clearly defined. These
documents also serve to improve research in anesthesiol-
ogy by (1) identifying areas in need of additional study,
(2) providing direction for the development of more effica-
cious interventions, and (3) emphasizing the importance of
robust outcome-based research methods. By recognizing
the value of merging broad-based empirical evidence with
opinion and consensus, the ASA has taken a leadership
role in improving specific areas of clinical practice, patient
care, and safety.

The ASA is committed to the development of practice
guidelines and practice advisories by using an evidence-
based process that examines testable relationships between
specific clinical interventions and desired outcomes
(Table 1-2). This process recognizes that evidence is highly
variable in quality and may come from many sources,
including scientific studies, case reports, expert opinion,
and practitioner opinion. By providing a consistent and
transparent framework for collecting evidence and by
considering its strengths as well as weaknesses, the ASA
evidence-based process results in practice parameters that
clinicians regard as scientifically valid and clinically
applicable.

Physicians have voiced concern that guidelines and
advisories will be treated as de facto standards, thereby
increasing liability and creating unnecessary restraints on
clinical practice. The ASA emphasizes the nonbinding
nature of practice guidelines, in particular by defining
them as “recommendations that may be adopted, modi-
fied, or rejected according to clinical needs and con-
straints.” Because the process of evidence-based guideline
and advisory development places a strong emphasis on
consensus formation and communication throughout the
practicing community, guidelines and advisories will con-
tinue to be relied on by anesthesiologists and other practi-
tioners in their ongoing efforts to maintain a high quality
of patient care and safety.

http://www.anesthesiology.org
http://www.anesthesiology.org
http://www.asahq.org


Table 1-2 Strengths of the ASA Evidence-
Based Process

Specific outcome data related to a specific intervention are
collected and evaluated.

A broad literature search from a wide variety of published
articles.

Systematic evaluation of evidence from qualitatively different
sources.

Randomized controlled studies used in meta-analyses to evaluate
causal relationships.

Nonrandomized controlled studies to provide supplemental
information.

Descriptive/incidence literature to provide an indication of the
scope of a problem.

Case reports to describe adverse events not normally found in
controlled studies.

Opinion-based evidence to evaluate clinical and practical benefits.
Evidence from the literature is directionally summarized to clarify

and formalize evidence linkages and to reduce bias inherent
in selective reviews.

Reliance on randomized clinical trials to demonstrate causal
relationships and reduce bias inherent in nonrandomized
studies or case reports.

General use of identical outcome measures rather than pooling
different measures.

Consensus information obtained from both formal (e.g., surveys)
and informal (e.g., open forums, Internet commentary) sources.

One-to-one correspondence between evidence linkages and
recommendations.

Brevity in reporting evidence.
Simple summary statements of literature findings for each

evidence linkage, thereby avoiding exhaustive literature
reviews or critiques.

Specific clinical recommendations without lengthy discussion or
detailed rationale.

Scientific documentation is provided in appendices or is available
separately.

Bibliographic information is available separately.
Periodic updating to reflect new medications, technologies, or

techniques.
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 Does Routine Testing Affect
Outcome?

L. Reuven Pasternak, MD, MPH, MBA
Preoperative testing for patients undergoing elective sur-
gical procedures is an issue that has received considerable
attention during the past decade. This attention is not
surprising because preoperative testing affects virtually
all of the more than 30 million surgical procedures per-
formed each year and is associated with costs that run
well into the billions of dollars. Preoperative testing has
become the focus of numerous studies and has also served
as the cause for developing guidelines. The two most
important of these are the American College of Cardiol-
ogy/American Heart Association (ACC/AHA) recom-
mendations1 for cardiac patients undergoing noncardiac
surgery and the more general advisory developed by the
American Society of Anesthesiologists (ASA).2

The issue of routine testing as a method of screening for
disease processes precedes the debate over this practice in
anesthesiology. In the 1960s it was accepted as common
knowledge in some of the most forward-thinking health
systems that routine screening for various disease pro-
cesses independent of the presence of symptoms or identi-
fication of risk factors would reveal potentially serious
medical issues in their “preclinical” phase and thus allow
for earlier intervention and reduced morbidity and mortal-
ity rates. These initiatives were undertaken without the
benefit of any definitive outcomes research and were rap-
idly accepted as dogma. Conventional medical education
imparted to medical students and residents (and patients)
the concept that more testing was consistent with better
medical care and may serve as a substitute for the history
and physical examination as an indicator of distress.

The factors associated with this development are asso-
ciated with the unique climate of that time. Those factors
included a sense of almost infinite opportunity for expan-
sion of health care resources and a failure to appreciate
how increasingly complex health technology applied on
a mass scale could rapidly deplete health care resources.
The lack of appreciation of true risk-benefit analysis and
evidence-based research was also a major contributor to
this mindset. The sense that tests carried risk beyond cost
was not appreciated, and the failure to link outcomes to
interventions was consistent in almost all areas of medi-
cine. At present, three factors have converged to reverse
this trend. The first two are the new economic imperatives
that make clear that resources are limited, and the drive
for standardization and guideline development within
and between specialties to ensure better communication
and improved patient care. The ability to affect these
two depends on the third development—the emergence
of evidence-based outcomes studies as the accepted scien-
tific foundation for recommendations, ranging from pro-
tocols to guidelines and advisories.3-6 Note that this
chapter will not address the issue of cardiac testing for
noncardiac surgery.
EVIDENCE

Although quick to be accepted on faith, the cascade of evi-
dence against routine testing is still met with grudging
acceptance among professional and lay staff. The central
tenet of the evidence-based approach is the value of any
intervention, even an innocuous test of inherently lowmor-
bidity and cost, based on the extent that it can be demon-
strated to have a beneficial effect as measured by defined
outcomes. These can be either clinical (e.g., morbidity and
mortality) or administrative (e.g., enhanced efficiency or
patient satisfaction). In the absence of such evidence, the
intervention should not be undertaken. Where the interven-
tion has been standard practice for decades, as has been the
case with preoperative testing, this change can be profound
and unsettling but nonetheless scientifically appropriate.

Olsen and colleagues7 were among the first to address
this issue in the general medical arena in their study of
multiphasic screening based on a 1972 study of adults in
574 families. Within the general category of chemistry
tests that are routinely performed preoperatively, the rate
of abnormalities was 1% to 3%, with the exception of
serum glucose at 8%. Within these groups, fewer than
15% required any therapy. This study was the harbinger
of others that started to reverse the trend to large batteries
of tests for routine health screening.

When focusing more closely on the area of tests asso-
ciated with preparation for surgery, the evidence is more
profound for the lack of an association in outcomes. When
the ASA did a literature review on this subject, the nature
of the evidence by strict evidence-based criteria was
deemed to be insufficient to provide recommendations
for specific tests but did confirm the lack of associated
benefit with routine testing. Kaplan and colleagues8

addressed the issue of the utility of laboratory tests in a
retrospective survey of 2000 patients who had undergone
elective surgical procedures. Of the 2236 tests performed
in this group (Table 2-1), 65.6% were done without indica-
tion. Of the 96 abnormalities encountered, only 10 were in
11



Table 2-1 Preoperative Screening Battery Tests

Test Normal Not Indicated (NI) Abnormal (AB) NI þ AB NI þ AB and Significant

Prothrombin time (PT) 201 154 2 0 0

Partial thromboplastin time (PTT) 199 154 1 0 0

Platelet count 407 366 3 2 1

Complete blood count (CBC) 61 293 22 2 0

White blood cell count with differential 390 324 2 1 0

Chemistry 6 panel 514 176 41 1 1

Glucose 464 361 25 4 2

TOTAL 2236 1828 96 10 4

Adapted from Kaplan EB et al: JAMA 1985;253:3576.
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the group without indication, and of these, only 4 were
deemed to be clinically significant. In all cases, the surgery
was performed without known morbidity. Kitz and col-
leagues9 demonstrated how the lack of definitive criteria
can cause considerable variance without altered outcome
in virtually identical patient populations. Reporting on a
naturally occurring experiment, patients undergoing
arthroscopy and laparoscopy were assessed on test order-
ing. Performed before mandated outpatient management
of these procedures, the two groups were inpatients and
outpatients, with the decision on status determined by
surgeon and patient preference without difference in clin-
ical status. The ordering done by surgeons was substan-
tially higher in all categories than by the anesthesia staff
without difference in outcomes in the two groups (Table 2-
2). Narr and colleagues,10 in reviewing the testing rou-
tinely done on 3782 healthy (ASA Class 1) patients, found
that only 160 (4%) had abnormalities, of which 30 could
have been predicted. None of the abnormalities were of
a clinically significant nature, and all patients proceeded
safely to surgery. On this basis, the Mayo Clinic in 1991
anticipated the more general trend and deferred all testing
on healthy, asymptomatic patients for elective surgical
procedures. In his study of 4058 standardized tests per-
formed by protocol in ambulatory patients, Wyatt and col-
leagues11 determined that only 1% were of sufficient
importance to mandate delay or cancellation of surgery.
Though not as precise as the studies of Kaplan and col-
leagues8 and Kitz and colleagues,9 the appearance of this
item in the surgical literature brought this concept to the
attention of the surgical community.
Table 2-2 Preoperative Screening Battery Tests

ARTHROSCOPY LEVE

Test Outpatient (%) Inpatient (%) Outpatie

X-ray 12 30 24

ECG 11 30 12

Chemistry panel 3 92 0

Adapted from Kitz DS et al: Anesthesiology 1988;69:383.
Within the context of specific tests the evidence is sim-
ilarly lacking for an association for testing without indica-
tion and improvements in outcome. For example,
Charpak and colleagues,12 reporting on the utility of rou-
tine chest x-rays, found that of 1101 x-rays ordered on
3866 patients, only 51 (5%) had an impact on the surgical
plan and anesthetic management and also that these could
have been predicted on the basis of the patient’s medical
condition and anticipated surgery. Similarly, Rucker and
colleagues,13 in their review of 905 surgical admissions
receiving chest x-rays, found that 368 had no risk factors
and, of these, only 1 had a positive finding that did not
affect surgery. Of the remaining 504 with risk factors,
114 (22%) had abnormalities, none of which were new or
which changed planned surgical or anesthetic manage-
ment. Similar findings have been found for urinalysis14

and renal function studies.15

Dzankic and colleagues,16 in their study of geriatric
patients, documented the importance of medical and sur-
gical risk as opposed to routine testing. In a retrospective
review of 544 patients ages 70 and older undergoing elec-
tive procedures, the authors found a 6.8% prevalence of
abnormal values, with the highest being for creatinine
(12%), hemoglobin (10%), and glucose (7%), which is con-
sistent with routine physiologic changes for this age-
group. When a multivariate regression analysis was done
to determine risk factors associated with adverse outcome,
only ASA status greater than II and risk of surgery (per
AHA/ACC classification) were found to be factors that
in themselves had any predictive value in determining
outcome. Age did not constitute a specific risk factor or
L 1 LAPAROSCOPY LEVEL 2 LAPAROSCOPY

nt (%) Inpatient (%) Outpatient (%) Inpatient (%)

58 0 79

50 2 83

75 2 86



Table 2-3 Effectiveness of a Preoperative
Evaluation Center (PEC)

Test
Surgical
Service PEC

%
Reduction

Number of patients 3576 4313 —

Complete blood count 3417 3395* 17.7

Platelet count 3207 2620* 32.3

PT/PTT 2703 578* 82.3

Urinalysis 2489 309* 89.7

General survey panel 2199 811* 69.4

Electrolytes 1775 739* 65.5

Renal panel 1402 1022* 39.5

Electrocardiograms 2202 1362* 48.7

Chest x-rays 2510 1026* 66.1

TOTAL preoperative tests 21,904 11,862* 45.8

Tests per patient 6.13 2.75* 55.1

*p < 0.001.
Adapted from Fischer SP: Anesthesiology 1996;85:196.
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indication for tests. This finding was consistent with that
of the ASA Task Force, which could find no evidence that
age alone was a risk factor that justified electrocardio-
grams (ECGs), chest x-rays, or other studies.

The preponderance of evidence thus has demonstrated
that routine performance of tests is not indicated. This has
been brought forward into the guideline development pro-
cess1,2 and in some official proceedings from outside of the
United States aswell.17 Indeed, a study by Schein and collea-
gues18 of cataract patients found no utility for any testing
regardless of baseline health status when associated with
outcomes from this minimally invasive procedure.

Having established that routine screening is of little
merit, there is emerging evidence that appropriate screen-
ing systems are useful in eliminating this excess. Fischer,19

in a study of patients undergoing elective surgical proce-
dures, compared consultations, tests, and cancellations in
a prestudy group that had tests and consultations ordered
by surgical staff, while the posttest group had tests and
consultations ordered by anesthesia staff based on the
presence of specific clinical conditions in an anesthesia-
managed preoperative assessment clinic. The group going
through the preoperative screening system had a 55.14%
reduction testing (Table 2-3) and associated reductions in
cancellation were from 1.96% to 0.21%. This reduction
was also matched with a 59.3% reduction in associated
costs ($188.91 versus $76.82). Pollard and colleagues20

demonstrated a similar reduction in cancellations and
testing in a Veterans Administration hospital.

CONTROVERSIES

The movement toward less testing has created an environ-
ment that has opened the issue as to whether preopera-
tive assessments are of any value. Clinicians and
administrative staff look at studies such as Schein and col-
leagues’18 and come to a conclusion not intended by these
authors: that the assessment by the anesthesiologist has no
inherent value with regard to safety or enhanced outcome.
Roizen,21 in his editorial response to these perceptions,
notes that the real issue is substituting physician judg-
ment for laboratory testing within the preoperative pro-
cess, an assertion echoed in the ASA advisory on this
subect.2 The issue is not whether administration of anes-
thesia provides a risk to the patient, but whether that risk
is modified by tests.
AREAS OF UNCERTAINTY

The issue of testing based on individual clinical symptoms
may be subject to some revision based on emerging tech-
nologies. The first is the increasing bundling of tests. For
example, it had been common in the past that each com-
ponent of the routine chemistry panel was individually
run and billed, making it necessary to order tests in a dis-
criminating fashion. There is an increasing ability to per-
form large batteries of tests in a manner that is
economically efficient. In fact, it is now more expensive
to break apart these panels than to simply run the full
series. Thus, any need to perform venipuncture for tests
may in fact be a simple test-or-no-test decision with virtu-
ally all available values returned from this single decision
point. If this is the case, the process for deciding on tests
actually becomes a simple one that can be made by
lower-level staff who can identify any one of several “trig-
gers” to mandate this action.

The larger issue relates to what will be the emerging
field of genomics in preoperative assessment. Based prin-
cipally in cardiology research, genetic markers for
patients with a predisposition to events such as perioper-
ative arrhythmias have been identified, and the tech-
nology is being developed for rapid screening of
individuals. As this new field expands, there will again
be the pressure to screen and to perhaps let enthusiasm
get ahead of evidence-based science in adopting these
new technologies.
GUIDELINES/AUTHOR’S
RECOMMENDATIONS

The recommended guidelines are consistent with those of the
ASA in its Practice Advisory.2 Testing should only be done for
specific clinical conditions based on the patient’s individual his-
tory, nature of surgery, and presenting symptoms. Age alone is
not an indication for any of the tests; specific conditions that
may be associated with the aging process would have to be
identified. Thus, healthy patients of any age undergoing elective
surgical procedures without coexisting medical condition
should not require any testing unless the nature of the surgery
might result in major physiologic stress or change for which
baseline studies are indicated. Further testing is only as per
the specific medical condition of the patient based on an appro-
priate review of the patient’s history and examination before the
day of surgery.
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 Is a Preoperative Screening
Clinic Cost-Effective?

Sheila R. Barnett, MD
Each year, between 11 and 30 million dollars are spent on
preoperative testing, including laboratory tests and con-
sultations.1,2 Currently, 80% of all surgeries are outpatient
or same-day admissions, and this has resulted in the
development of preoperative assessment pathways to
accommodate the outpatient surgical setting.

When evaluating the need or value of a preoperative
testing clinic, it is important to understand the wide range
of factors involved in the preoperative process—many
beyond the anesthesiologist’s usual realm of practice.
Once a patient is scheduled for surgery there are several
steps that occur; although the particular sequence of steps
for an individual patient will depend on the individual
health care institution, some requirements are common
to all systems. For instance, the patient will need a hospi-
tal identification number to be booked in the operating
room (OR) scheduling system and insurance and demo-
graphic information verified. The patient’s prior medical
record will need to be obtained for the holding area or
preoperative assessment clinic. If testing has been done,
the results will need to be collated in the chart for the
day of surgery, and, in addition, the surgical history and
physical, consent forms, anesthesiology paperwork, and
nursing assessment forms must be in the patient’s chart
before entering the OR. Additionally, the finished chart
should contain all the paperwork needed for the perioper-
ative period—order sheets, requisition forms, prescrip-
tions, and so on.

Ideally, a cost-effective preoperative screening clinic
would fulfill these duties efficiently, reducing duplication
of work in other areas of the hospital, and contribute pos-
itively to OR efficiency.

OPTIONS

The preoperative screening clinic is one example of a pre-
operative assessment alternative; others include the tele-
phonic interview, Internet health screen, primary care
physician evaluation, and mail-in health quiz. Frequently,
a visit to a preoperative clinic is combined with another
tool such as the health survey, and these results are used
to identify patients requiring laboratory testing or a con-
sultation with the anesthesiologist. Since the mid-1990s,
preoperative testing clinics have gained in popularity. A
survey of anesthesiology programs found the presence
of a preoperative testing clinic in 88% of university and
70% of community hospitals in 1998.3 Similar results were
obtained following a survey in Ontario, Canada: 63% of
260 hospitals had preoperative clinics.4

EVIDENCE

The Preoperative Process

The evidence supporting the implementation of preopera-
tive testing clinics is largely derived from retrospective
studies, and there are no randomized controlled trials
addressing the cost of having versus not having a clinic.5,6

Despite this, historical data suggest that the introduction
of a system for preoperative testing is associated with
increased patient satisfaction,7 as well as reductions in
unnecessary laboratory testing and outside consulta-
tions.8-10 More recent data also support a reduction in
day-of-surgery cancellations and OR delays and reaffirm
the cost savings gained through reductions in unnecessary
laboratory testing.11-13 From these studies, it is apparent
that local factors such as OR volume and type, patient
mix, and even geographic considerations14 will weigh in
heavily on the decision to have or use a preoperative
clinic. Evidence in areas of benefit that have been attribu-
ted to preoperative clinics will be considered individually
(Table 3-1).

The most recent American College of Cardiology/
American Heart Association (ACC/AHA) perioperative
guidelines14 provide recommendations for the preopera-
tive workup in patients with significant cardiac risk fac-
tors undergoing noncardiac surgery. In this group of
individuals, additional preoperative workup and testing
can be beneficial. In general, patients with known coro-
nary disease should receive a careful cardiac baseline
assessment; this includes a review of current testing
results and new tests as warranted by the history and
physical. When older than 50 years of age, even asymp-
tomatic patients may require careful cardiac evaluation if
there are associated cardiac risk factors. The advantage
of the preoperative testing clinic is the ability of the
anesthesiologists to oversee the appropriate testing and
consultations.

Laboratory Testing

Inappropriate laboratory testing is costly. Large-scale pre-
operative laboratory testing in healthy individuals leads
15



Table 3-1 Cost Savings

Author, Year Study Type
Reduction in
Laboratory Testing

Reduction in
Consultations

Reduction in Same-Day
Cancellations

$ Saved per
Patient

Fischer, 19968 Retrospective 55.1% Yes 116 (87.9%) 112.09

Pollard, 199625 Retrospective 5 (19.4%)

Starsnic, 199718 Retrospective 28.63% 20.89

Vogt, 19972 Retrospective 72.5% 15.75

Finegan, 200517 Prospective
double cohort

Yes 29.00

Tsen, 200210 Retrospective Yes

Ferschel, 200513 Retrospective Yes: 50%

Cantlay, 200624 Retrospective Yes

Hariharan, 200611 Prospective Yes: 52%

Correll, 200612 Retrospective Improved recognition of
medical problems
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to an increase in false-positive results and inappropriate
workups.5,9,15,16 Several studies in healthy patients have
demonstrated that screening laboratory testing rarely pro-
vides new information that would not otherwise have been
obtained from a thorough history and physical examina-
tion.1,9,16 When compared with outside referral physicians,
anesthesiologists order fewer preoperative laboratory
tests,17-19 and this may be associated with financial benefit.
Starsnic and colleagues18 examined testing patterns in two
groups of patients. Each group had approximately 1500
patients; laboratory tests were ordered by either their
surgeon (group S) or by an anesthesiologist seeing them
in the preoperative clinic (group A), although in group A
surgeons were still allowed to order additional tests if
required. Except for concurrence on the complete blood
count, anesthesiologists consistently ordered fewer tests
compared with surgeons, resulting in a 28.6% reduction
in testing and an estimated cost savings of $20.89 per
patient. In a similar study, Vogt and Henson2 found that
72% of tests ordered by surgeons were “not indicated”
according to anesthesiologists, and the net cost of unindi-
cated preoperative tests was $15.75 per patient. Fischer8

compared a 6-month period before and after the intro-
duction of a clinic directed by anesthesiologists and
observed a 59.3% reduction in laboratory testing, or
$112.09 per patient. Power and Thackray19 report a 38%
reduction in preoperative laboratory testing, leading to an
estimated saving of $25.44 per patient in 201 elective ear,
nose, and throat (ENT) patients following the introduction
of testing guidelines that included a review by an anes-
thesiologist. More recently, Finegan and colleagues17 per-
formed a prospective double-cohort study. In group 1,
testing followed usual practice according to preestablished
surgery-specific clinical pathway guidelines. In contrast,
testing for group 2 was instituted only through the anes-
thesiologist attending’s or resident’s recommendation.
Group 1 included 507 patients with a mean preoperative
laboratory cost of $124 compared with only $95 for the
431 patients in group 2 (p < 0.05). When a subgroup
analysis was performed, the average cost of residents’
ordering was $110, similar to group 1, whereas attending
physicians’ cost averaged $74, approximately $36 less than
residents (p < 0.05). Although group 2 had slightly more
complications, these were not related to the preoperative
tests. This study supports a reduction in unnecessary labo-
ratory testing when directed by anesthesiologists and
demonstrates that education and experience may also
contribute to laboratory savings.

Despite these positive results, reductions in laboratory
testing cannot all be attributed to preoperative clinics
because laboratory testing can be reduced even without a
preoperative clinic visit. In one of the few randomized con-
trolled trials (RCTs) available on preoperative testing,
Schein and colleagues1 looked at preoperative testing pat-
terns in cataract surgery patients. They randomized 18,189
patients scheduled for cataract surgery into two groups;
all patients had a history and physical by a health care pro-
vider. The “testing” group received additional routine lab-
oratory tests and an ECG. In comparison, the “no-testing”
group only had tests ordered if indicated by the history
and physical examination. They found no difference in out-
come of patients with or without testing, and both groups
had a similar rate of 31 adverse events per 1000 surgeries.

Thus, despite the dearth of RCTs, the current evidence
supports anesthesiology-directed preoperative laboratory
testing. This practice can result in substantial cost saving
and benefit to the patient.20,21 The positive evidence does
not mean that a preoperative testing clinic is always cost-
effective because it may be possible to influence testing pat-
terns in the absence of a clinic visit. Savings in preoperative
laboratory screening may be achieved by improved educa-
tion of other physicians and the development of clinical
pathways by anesthesiologists for surgical patients.22

Consultations

Cardiology consultations are a frequent source of frustra-
tion in preoperative testing and often do not result in
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significant alterations in management, but instead may
lead to delays, additional cost, and inconvenience to the
patient and hospital. Fischer8 found that the introduction
of the preoperative clinic led to a significant reduction in
the number of cardiology, pulmonary, and medical con-
sultations. Following the introduction of stringent guide-
lines for consultation, Tsen and colleagues10 reduced the
rate of cardiology consultations in patients undergoing
noncardiac surgery from 1.46% (914 patients) to only
0.49% (279 patients) (p < 0.0001), despite an increase in
patient acuity over the 6-year study period. They also
found that, following the introduction of an ECG educa-
tional program, they were able to reduce consultations
for ECG from 43.6% to 28.5% (p < 0.0001).

These groups were able to demonstrate that through
use of preoperative testing clinics they were able to reduce
consultations and cancellations and delays in surgical
bookings.8,10 In addition, their data support the develop-
ment of guidelines for preoperative assessment and edu-
cation for those involved in preoperative assessment.23,24

Defining the “role of the consultant” is important in the
preoperative setting. Unfortunately, many consultations
are vague and do not lead to substantial requirements
for additional testing or provide new recommendations
for perioperative care. All consultations should provide a
careful assessment of risk, and the success of a consulta-
tion is improved when the question is specific. An addi-
tional role of the consultant should be to advise on
future health and additional postoperative strategies to
reduce the patient’s future risk, if possible.14

Same-Day Cancellations

One major purported benefit of the preoperative screening
clinic is a reduction in cancellations on the day of surgery.
There are several reports from individual institutions
describing reduction of OR cancellations following the
introduction of a preoperative testing clinic, although no
randomized trials on preadmission testing screening
clinics have been conducted. Correll and colleagues12 col-
lected data on more than 5000 patients seen in their preop-
erative clinic over a 14-month period. In that time, 680
medical issues were identified that required further inves-
tigation before surgery; 115 of these issues were new med-
ical problems. New problems had a greater possibility of
delay (10.7%) or cancellation (6.8%) compared with exist-
ing problems (0.76% and 1.8%). In a similar study, Ferschl
and colleagues13 compared preoperative testing status
between patients assigned to same-day surgery and gen-
eral ORs. Over a 6-month period, 6524 patient charts were
reviewed. They found that 8.4% (98 of 1164) of same-day
surgery patients were cancelled if seen in clinic versus
16.5% (366 of 2252) of those not seen in clinic (p < 0.001).
This was even more dramatic for the general OR patients;
they found a cancellation rate of 5.3% for those using clinic
(87 of 1631) compared with 13.0% (192 of 1477) in those not
using preoperative clinic. In addition, the preoperative
clinic patients were more likely to go to the OR earlier or
on time compared with those in the non-preoperative
clinic group. These data support the findings reported by
Fischer,8 who was able to demonstrate an 87.9% reduction
in OR cancellations from 1.96% (132 of 6722) to 0.21%
(16 of 7485) after the formation of the preoperative clinic.
Earlier studies have also supported reductions in both
cancellations and length of stay following the introduction
of a preoperative testing clinic. However, these data were
collected at the same time that institutions were changing
from an inpatient to an ambulatory surgery model, so
the impact of the clinic per se is questionable.25-27

Operating room efficiency can be affected by many fac-
tors. Inadequate preoperative preparation can result in OR
delays, and same-day cancellations potentially leave costly
gaps in the OR schedule.21 Fischer8 found that 90% of
cancellations occurred just before the patient entered the
OR. Fischer8 evaluated all cancellations over a 2-year
period and found that, on average, a cancellation resulted
in 97 minutes of OR downtime; this was in addition to
the usual 30 minutes of turnover time between cases. How-
ever, frequent causes of cancellation, such as alterations in
the surgeon’s schedule, patient’s preference, and OR
scheduling limitations (i.e., cases running overtime, emer-
gency add-ons), will not be influenced by a preoperative
screening clinic.21 It is conceivable that the preoperative
screening clinic could provide a “bank” of available
patients for call-up at short notice in the event of a gap in
the OR schedule, but there are no data documenting the
success of this approach.

Preoperative Clinic Structure

The implementation of educational programs and the
development of clear guidelines and protocols can result
in improved efficiency in the clinic, as well as improved
communication and patient satisfaction. The staffing mod-
els of preoperative clinics may be diverse, and clinics
staffed by anesthesiology attendings, residents, dedicated
nurse practitioners, and nurses have been described.7,10,28,29

The structure of a preoperative clinic may present signifi-
cant opportunities for cost savings. Cantlay and collea-
gues24 described improved outcomes after introducing a
clinic with consultant anesthesiologists to evaluate complex
vascular patients. Varughese and colleagues28 reported
significant financial benefit with the creation of a nurse
practitioner–assisted preoperative evaluation clinic. At this
hospital, they substituted nurse practitioners for two anes-
thesiology attending staff in the preoperative clinic; one
attending remained assigned to the clinic for consultations.
The nurse practitioners received training in preoperative
assessment. Following the introduction of the nurse practi-
tioners into the clinic, the incidence of complications,
preoperative patient time, and patient satisfaction were
monitored at three intervals during a 1-year period. There
was no change in patient satisfaction, complication rates,
or time spent in preoperative clinic. Following the substitu-
tion of the nurse practitioners in the clinic, the group was
able to provide two more anesthesiologists to the OR. The
increase in anesthesiologist availability resulted in signifi-
cant increases in margin for the hospital and the group—
by increasing billable hours for the physicians and through
the addition of two new ORs, leading to increased case
numbers. Clearly, the opportunity at this institution was
unique; however, it provides an example of redistribution
of resources resulting in a more effective preoperative
clinic.
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The Patient

It is possible that the savings of the outpatient preopera-
tive clinic may in fact represent cost shifted to the patient.
For instance, a visit to the preoperative screening clinic
may require additional time off work for the patient or
the caregiver. Similarly, geographic constraints in rural
areas of the country can make the preoperative clinic visit
a scheduling challenge.21-23 Seidel and colleagues15 exam-
ined geographic barriers to visiting the preoperative clinic
and found that for patients having surgery at an urban
tertiary care center, the likelihood of attending preopera-
tive clinic visits was diminished if the patient lived farther
away from the hospital.

Unexpected Area of Benefit

One value of the preoperative clinic that is underappreci-
ated is the opportunity for compliance with various regula-
tions. Since the institution of the Patient Self-Determination
Act in 1991, all health care facilities receiving Medicare and
Medicaid funding need to recognize advance directives
such as a living will and durable power of attorney. Most
often, this involves providing patients with a written
information sheet and inquiring if they have completed
the forms. The preoperative clinic visit provides an unusual
opportunity for discussion, at a time when families are
frequently already involved and the patient is not yet
hospitalized. Grimaldo and colleagues30 randomized
elderly patients attending preoperative evaluation clinic
into “standard” and “intervention” groups. The “interven-
tion” group attended a session addressing the importance
of discussing end-of-life issues and preferences with their
families. They found that 87% of patients in the interven-
tion group discussed discussions with proxies versus 66%
in the control group (p ¼ 0.001). This is an unexpected
benefit of the preoperative clinic. To assess the impact on
cost, it would be useful to compare the preoperative
screening clinic cost with the cost of compliance in a noncli-
nic setting in terms of hospital personnel, time, and space.
Additionally, in any instance in which the preoperative
screening clinic may improve compliance with hospital or
government regulations, the cost of the clinic may be con-
sidered a wise investment if the risk of noncompliance is
substantial and carries significant consequences.

AREAS OF UNCERTAINTY

Preoperative assessment should not be viewed as synony-
mous with a preoperative screening clinic, and although
there appear to be demonstrable benefits of a preoperative
screening clinic, there are few data directly comparing the
clinic model with other approaches to preoperative assess-
ment. Shearer and colleagues22 describe a model of pread-
mission testing using general practitioners in Canada. In
this model, the anesthesiology department provides a
workshop to “accredit” general practitioners in preopera-
tive assessment. Patients requiring a preoperative assess-
ment are triaged to be seen in a preoperative screening
clinic by anesthesiology, to go directly to surgery, or to
be seen by an accredited general practitioner for preoper-
ative assessment. They found a low rate of cancellations
(less than 1% of elective surgery), which was not different
between the groups using this system. This type of model
for preoperative assessment provides an alternative to the
preoperative screening clinic but reemphasizes the need
for patients to undergo a preoperative evaluation of some
type.
AUTHOR’S RECOMMENDATIONS

An organized approach to the preoperative assessment is clearly
beneficial to the patients, physicians, and institutions, and the
preoperative screening clinic is a key component. There is good
evidence that anesthesiology-directed laboratory testing results
in a reduction in tests and costs, and a preoperative screening
clinic can result in a reduction in operating room cancellations.
The ultimate organization of the preoperative assessment at a
given institution will depend heavily on factors such as the hospi-
tal size, patient mix and volume, types of surgery performed,
referral bases, and geographic challenges of the area. Key points
include the following:

l At a minimum, preoperative laboratory testing guidelines
should be directed by anesthesiology.

l When possible, standards and guidelines for preoperative test-
ing and consultation should be produced by anesthesiology.

l A preoperative screening clinic should be established for
patients undergoing invasive surgery, and complex patients
who may require further evaluation or interventions before
surgery.

l An anesthesiologist should be available for consultation during
the preoperative visit.

l If the establishment of a preoperative screening clinic is not
feasible, the anesthesiologists should be involved in creating
alternative preoperative pathways or protocols (e.g., telephone
screens, medical chart reviews, and so on).

l Alternative preoperative pathways, for example, primary care
visits or telephone interviews, should be established for patients
who cannot visit the clinic and should be coordinated by the
clinic.

l A system should be in place to monitor cancellations and delays
attributed to the preoperative assessment.
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Who Should Have a Preoperative
12-Lead Electrocardiogram?

Barbara S. Gold, MD
INTRODUCTION

The utility of the preoperative electrocardiogram (ECG)
has been under scrutiny for over two decades because of
the volume of patients affected, as well as the associated
medical and financial implications. During this period of
time, the indications for the preoperative ECG have been
refined as our understanding of the relationship between
preoperative testing, patient selection, and the surgical
procedure have evolved. In the United States, approxi-
mately 40 million surgical procedures are performed
annually and roughly half of those patients are older
than age 45.1 Using conservative criteria, many of those
patients would be considered for a preoperative ECG,
yet there is no absolute consensus on who should actually
have a preoperative ECG. Rather, there are general guide-
lines from several medical societies based on decades of
clinical studies and observations. The aim of this chapter
is to summarize the data that form the foundation for
widely accepted recommendations and then to highlight
relevant guidelines.

OPTIONS

As a diagnostic tool for assessing perioperative cardio-
vascular risk, the 12-lead ECG is limited. Because of the
inherent limitations of the test’s sensitivity and specificity,
its usefulness depends on the population tested: popula-
tions with a higher prevalence or likelihood of cardio-
vascular disease are more likely to have abnormal ECGs.
Our challenge is to determine which patients need a
preoperative ECG because of the potential to affect their
perioperative course. Among the ECG abnormalities that
can significantly alter perioperative care are arrhythmias,
heart block, ST-segment abnormalities consistent with
ischemia, left ventricular hypertrophy (LVH), low voltage
consistent with cardiomyopathy, previous myocardial
infarction, Wolff-Parkinson-White syndrome, prolonged
QT interval, or peaked T-waves. Many, but not all, of
these abnormalities can be detected on standard ECG
monitoring in the operating room before induction of
anesthesia, albeit with potential impact on operating room
scheduling.

Although the 12-lead ECG may detect significant
abnormalities, its usefulness as a screening tool is quite
limited. For example, the resting ECG is normal in
approximately half of patients with chronic stable angina.2

Conversely, even in healthy persons it has poor predictive
value for heart disease. In a meta-analysis of long-term
survival of patients who had a resting ECG, Sox and col-
leagues3 concluded that there were insufficient data to
support using the ECG as a screen for coronary artery
disease (CAD) in asymptomatic persons or those without
the following risk factors: diabetes, hypertension, hyper-
cholesterolemia, or history of tobacco use. These findings
are echoed in subsequent studies of surgical patients.
However, when abnormalities suggestive of CAD appear,
they are associated with a higher risk of coronary events
and death.4

In summary, even though the resting 12-lead ECG is
an imperfect tool, it has tremendous potential to detect
disease that will affect perioperative care in selected
patients. The potential of the preoperative ECG can be
exploited if it is obtained in populations with a relatively
high likelihood of cardiac disease.
EVIDENCE

Evidence to support the indications for the preoperative
ECG is imperfect because study designs are variable and
investigators examine different endpoints. Some studies
ask how a preoperative ECG can prevent morbidity and
mortality; others look for the incidence of abnormal ECGs;
some ask whether a preoperative ECG resulted in an anes-
thetic intervention; still others look at abnormal ECGs
resulting in case cancellation. Many studies are based on
the premise that if a preoperative test were truly useful,
it would have changed management. Therefore if, from
chart review, management was not changed, the test was
of questionable value. Most studies are retrospective or
examine cohorts prospectively, without an intervention.
Significantly, it is impossible to tell from any of the stud-
ies if the reading on the preoperative ECG subtly affected
the anesthetic plan and hence the cardiovascular out-
come. In addition, populations studied are vastly differ-
ent in the risk profile and type of surgical procedures.
Nevertheless, general principles emerge. We will examine
the evidence to support obtaining a preoperative ECG in
the following patient populations: asymptomatic patients,
patients with cardiovascular risk factors, those of advanced
age, and patients having “major” versus less invasive
surgery.
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Asymptomatic Patients

Circumstantial data have accumulated over the years
refuting the utility of the preoperative ECG in asymptom-
atic patients undergoing elective, nonvascular procedures.
Perez and colleagues5 retrospectively studied 3131 ASA 1
and 2 patients of whom 2406 had an ECG (criteria not spe-
cified). Of those ECGs, 5.6% were unexpectedly abnormal
and management was apparently altered in only 0.5% of
patients. In a retrospective study of 2570 patients having
elective cholecystectomy, Turnbull and Buck6 found 101
abnormal ECGs, without any apparent impact on manage-
ment. Goldberger and O’Konski,7 in their review of the
utility of “routine” preoperative ECG, found no evidence
to support the “baseline” ECG in asymptomatic patients.
However, the value of obtaining a baseline ECG in
selected patients without evidence of cardiac disease was
left to question. These relatively small observational stud-
ies should be interpreted with caution because the opera-
tive procedures were low to intermediate risk, and the
findings on the preoperative ECG may have subtly influ-
enced management, including the decision to proceed
with surgery.

Epidemiologic data regarding incidence and prognosis
of unrecognized myocardial infarction are the basis for
the recommendation to obtain ECGs in asymptomatic
patients.8 The Framingham Study, begun in 1948, fol-
lowed patients for 30 years with cardiovascular examina-
tion, including ECGs, every 2 years. Of all infarctions,
25% were detected only by new ECG findings and almost
half of those new infarctions were “silent.” These unrec-
ognized infarctions were just as likely to cause serious
cardiovascular sequelae as recognized infarctions. The
incidence of both recognized and unrecognized infarc-
tions increased dramatically after age 45 in men and
55 in women.

Risk Factors

Although patients are asymptomatic, they may have sev-
eral cardiovascular (CV) risk factors, such as ischemic
heart disease, diabetes, congestive heart failure, cerebral
vascular disease, and renal insufficiency. Several studies,
most of them within the past two decades, have correlated
preoperative ECG abnormalities and CV risk factors. (Bear
in mind that there is variance in the number and type of
risk factors evaluated in most studies.) Tait and collea-
gues9 retrospectively evaluated the efficacy of the routine
preoperative ECG in 1000 ASA class 1 and 2 patients,
including men older than age 40 years and women older
than 50 years, or any patient with a history of CV risk fac-
tors or disease. About half of patients with CV risk factors
had an abnormal ECG compared with 26% of patients
without risk factors. However, in this small sample size,
there was no difference in the prevalence of adverse peri-
operative CV events between groups. In another study
examining CV risk factors and preoperative ECG abnorm-
alities, of 354 patients who were to have a “routine” pre-
operative ECG, the ECG was abnormal in 62% of
patients with known cardiac disease and 44% of patients
with CV risk factors. Notably, only 7% of patients over
50 years old without cardiac disease or risk factors had
ECG abnormalities.10
The presence of CV risk factors not only increases the
likelihood of preoperative ECG abnormalities but also of
adverse outcomes. Hollenberg and colleagues11 used con-
tinuous 12-lead ECG monitoring preoperatively, intra-
operatively, and postoperatively to identify predictors
of postoperative myocardial ischemia. In this study of
474 men with or at risk for CAD, five major risk predictors
were identified: left ventricular hypertrophy (LVH) by
ECG, history of hypertension, diabetes mellitus, definite
history of CAD, and use of digoxin. The risk of postoper-
ative myocardial ischemia increased with the number of
risk factors. For example, 22% of patients with none of
those predictors had postoperative myocardial ischemia,
increasing steadily to 77% with four predictors. To under-
score the importance of the preoperative history and
physical examination, of these five reported predictors,
four are easily discernible by history and only one (LVH)
by preoperative ECG.

Noordzij and colleagues12 examined the value of the
preoperative ECG in a large sample size (greater than
23,000 patients) to predict cardiovascular death. Not sur-
prisingly, patients with abnormal ECG findings had a
higher incidence of cardiovascular death (OR 4.5, CI 3.3
to 6.0). However, the invasiveness of the procedure was
critical. Among patients undergoing low- or intermedi-
ate-risk surgery, the absolute difference in the incidence
of cardiovascular death was only 0.5%.12

More recently, van Klei and colleagues13 investigated
records from almost 3000 noncardiac surgery patients.
These investigators found that the preoperative ECG did
not add value in the prediction of postoperative myocar-
dial infarction when compared with clinical risk factors
such as high-risk surgery, history of ischemic heart dis-
ease, history of congestive heart failure, renal failure, cere-
brovascular accident, or insulin-dependent diabetes.13

In conclusion, if the goal is to detect ECG abnormalities
preoperatively with the belief that this knowledge will pos-
itively affect perioperative management, it makes sense to
obtain a preoperative ECG on persons at risk for heart dis-
ease. Potentially high-risk patients include those with
known cardiac disease, diabetes, vascular disease, valvular
disease, low functional capacity, and arrhythmias.

Age and the Preoperative Electrocardiogram

What age is considered advanced enough to warrant a
preoperative ECG?

In a synthesis of four studies, Goldberger and O’Konski7

reported that ECG abnormalities increase exponentially
with age (r ¼ 0.99). From these pooled data of men and
women, 10% of patients aged 35 years are predicted to
have an abnormal ECG, increasing to 25% by age 57 years.
In a study of ambulatory surgery patients, all of whom had
preoperative ECGs if they were older than 40 years, the
odds of an abnormal ECG were significantly greater in
the group aged 60 and older.14 The strong relation between
age and ECG abnormalities is hardly surprising given the
substantial evidence correlating advancing age with
cardiac disease, especially CAD.4,8,12,15-17 The landmark
study by Diamond and Forrester15 analyzed autopsy data
from 23,996 persons to determine the prevalence of CAD
(Table 4-1).



Table 4-1 Autopsy Data Used to Determine
the Prevalence of CAD

Age (Years) Men (%) Women (%)

40–49 5 1.5

50–59 10 3

60–69 12 8

Adapted from Diamond GA, Forrester JS: Analysis of probability as an aid in
the clinical diagnosis of coronary artery disease. N Engl J Med 1979;300:
1350-1358.
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In spite of a documented correlation between CAD and
age, published recommendations vary; consequently,
there is tremendous latitude. The American College of
Cardiology/American Heart Association (ACC/AHA)
“Guidelines for Electrocardiography”18 note that ECG
abnormalities increase exponentially with age and their
consensus is that patients older than 40 years with no
apparent heart disease have a preoperative ECG. Roizen19

has pooled data on age and ECG abnormalities and has
stratified by age-groups. Based on at least 16 studies,
and pooling both genders, the incidence of abnormalities
on screening ECG exceeds 10% at 40 years of age and is
approximately 25% by 60 years of age. Based on these data,
screening ECGs were also recommended on men older
than age 40 years and women older than age 50 years, for
all moderately to highly invasive procedures. However,
recent guidelines from ACC/AHA are silent on the need
for a preoperative ECG based on age alone. As will be
discussed, the predisposing risk factors and operative
procedures are key elements in the decision to obtain a
preoperative ECG.

Surgical Procedure

Several studies have demonstrated that cardiovascular
risk correlates with the complexity of the surgery.12,20-23

For example, in one study of 1487 elderly males, those
having vascular surgery were more than three times as
likely to have a postoperative myocardial infarction
(PMI) as patients having nonvascular surgery.21 Another
study of 7306 patients found that “major surgery” (i.e.,
laparotomy, thyroidectomy, internal fixation of major
fractures) increased the odds of a cardiopulmonary com-
plication by fourfold to sixfold.20 Consequently, recom-
mendations for obtaining a preoperative ECG need to
consider the type of procedure in addition to patient age,
history, and risk factors. This is reflected in recommenda-
tions by both the AHA/ACC and the American Society of
Anesthesiologists (ASA).

GUIDELINES

Because the decision to order preoperative ECGs affects a
large population at considerable cost and potential
benefit, there has been no shortage of recommendations
from numerous medical societies on this issue. Following
is a summary of two relevant recommendations from
leading medical societies. Bear in mind that these guide-
lines are typically updated every 5 years.

ASA Practice Advisory for Preanesthesia
Evaluation

The ASA published the “Practice Advisory for Preanesthe-
sia Evaluation” in 2002,24 which does not recommend a
minimum age for obtaining a preoperative ECG. Specifi-
cally, the advisory states that age alone may not be an indi-
cation for testing. Important clinical characteristics to
consider when deciding to order a preoperative ECG
include cardiocirculatory disease, respiratory disease, type
or invasiveness of surgery, and risk factors identified in the
course of a preanesthesia evaluation.

ACC/AHA Guidelines

The American College of Cardiology and the American
Heart Association first published guidelines for perioper-
ative cardiovascular evaluation in 1996, updated them
in 2002,25 and most recently in 2007.26 The 2007 guide-
lines emphasize (1) the level of evidence to support a
recommendation, (2) how the test will change clinical
management, and (3) the invasiveness of the procedure.
Notably, the guidelines are silent on age and preoperative
ECG testing.

Familiarity with the text is highly recommended to put
guidelines into context. Recommendations are based on
risk/benefit ratio in which Class I indicates that benefit
greatly outweighs risk; Class IIa indicates that benefit
is greater than risk, but additional focused studies
are needed (“It is reasonable to perform procedure”);
Class IIb indicates that benefits are equal to or greater
than risks (“Procedure may be considered”); and Class III
indicates that risks are greater than benefits and procedure
is not indicated. Each of these risk/benefit classes is
then paired with the amount of evidence that supports
the conclusion, in which level A is the highest level of
evidence (3 to 5 population strata evaluated) and C is the
lowest. With respect to the preoperative ECG, the ACC/
AHA recommendations, based on levels of evidence, are
summarized as follows:

Class I

(Benefits greatly outweigh risks; ECG should be per-
formed preoperatively)

l Patients undergoing vascular surgical procedures with
at least one clinical risk factor

l Patients with known coronary, peripheral or cerebrovas-
cular disease undergoing an intermediate-risk surgical
procedure (e.g., head and neck surgery)

Class IIa

(Reasonable to consider)
l Patients without clinical risk factors undergoing vascu-
lar procedures

Class IIb

(May be reasonable to consider)

l Patients with at least one clinical risk factor undergoing
intermediate-risk surgery
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Class III

(Not indicated)

l Asymptomatic patients undergoing low-risk operative
procedures

Bear in mind that each of these recommendations is qual-
ified by the available evidence to support the recommen-
dation and that “the ultimate judgment regarding care
of a particular patient must be made by the healthcare
provider and patient in light of all the circumstances.”26
AUTHOR’S RECOMMENDATIONS

The author’s recommendations are based on available evidence
and synthesis of opinions and data; they are not clinical guide-
lines, nor do they represent consensus opinion. In general, the
preoperative ECG should be considered in patients in whom
there is a reasonably high likelihood of cardiac dysfunction, in
which the test has the potential, in the judgment of the anesthesi-
ologist, of affecting perioperative management. The patient’s his-
tory, physical examination, and proposed surgical procedure are
essential elements in this assessment.

A preoperative ECG should be considered in the following
groups of patients:

l Asymptomatic patients or those with cardiovascular risk
factors undergoing vascular surgery.

l Patients with one or more cardiovascular risk factor undergoing
intermediate-risk procedures (e.g., orthopedic procedures,
head and neck surgery, prostate surgery)

l Patients with known coronary, peripheral vascular, or
cerebral vascular disease having an intermediate-risk
procedure

l Patients with low (or unknown) functional capacity
undergoing an intermediate-risk procedure

l Any patient in whom the results of the preoperative ECG
will affect clinical management
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Should Preoperative Hemoglobin
Always Be Obtained?

Bradly J. Narr, MD, and Daniel R. Brown, MD, PhD
INTRODUCTION

Laboratory testing is part of perioperative patient evalua-
tion. One of the most common tests performed is determi-
nation of venous hemoglobin concentration. The rationale
for all preoperative testing has been based more on tradi-
tion than formal evidence.1 However, testing guided by
an anesthesiologist has been found to improve efficiency.2

To justify a “routine” test, the results of such a test
should detect unsuspected abnormalities that can be mod-
ified, help identify conditions that may alter the risk of
surgery, or serve as baseline results that will influence
perioperative interventions.

A role of the anesthesia provider is to ensure that vital
organs receive enough oxygen to meet metabolic demands
throughout the entire procedure. The determinants of
oxygen transport include pulmonary gas exchange, hemo-
globin-oxygen affinity, total hemoglobin concentration,
and cardiac output. As with all of the organ systems in
the body, there is significant reserve capacity in the oxygen
transport system of the normal individual. The system is
regulated in such a way that an alteration in one compo-
nent (decreased hemoglobin) results in changes in other
components (increased cardiac output, increased red cell
2,3, biphosphoglycerate) to maintain oxygen delivery and
homeostasis. Of the components of this system, the hemo-
globin concentration has the greatest ability to be manipu-
lated to augment oxygen transport. This understanding
has always made anesthesiologists very interested in the
preoperative hemoglobin concentration.

Preoperative hemoglobin levels predict the need for
intraoperative blood transfusion.3-5 Low hemoglobin levels
are associated with increased perioperative morbidity in
surgical patients,6 longer recovery from procedures that
involve blood loss,7 and a higher likelihood of postopera-
tive infection.8 To decrease perioperative morbidity and
optimally assist patients in understanding the risks and
benefits of many procedures, the preoperative hemoglobin
is useful.

THERAPIES

The hemoglobin concentration can be altered by blood
transfusion or bone marrow stimulation, most commonly
with recombinant erythropoietin. Red blood cell transfu-
sion has attendant risks, including infection (viral and
bacterial), immune modulation, and, in some circum-
stances, intravascular volume overload. Recombinant
erythropoietin can be used before elective surgery with
significant blood loss and has been shown in randomized
prospective trials to result in higher postoperative hemo-
globin levels and to decrease homologous transfusion.9,10

However, recent studies in critically ill patients have
shown that erythropoietin does not reduce overall red cell
transfusion and this treatment is associated with an
increased incidence of thrombotic events.11

EVIDENCE

No randomized prospective studies involving patients
with anticipated blood loss have defined a specific mini-
mum hemoglobin concentration as a risk factor for anes-
thesia and surgery. Modern anesthetic practice evolved
to require hemoglobin of 10 g/dL before anesthesia and
surgery from anecdotal case series and cohort studies.
Older studies have implied that severe levels of preop-
erative anemia may be a factor for perioperative morbid-
ity and mortality risk.12-14 These studies were performed
when anesthetic mortality risks were significantly higher
than expected with modern practice. With the advent of
dialysis in the 1960s, renal failure patients who were
severely anemic were found to tolerate anesthesia and sur-
gery well.15 This was added to evidence that patients who
refused blood transfusion tolerated normovolemic anemia,
surgery, and anesthesia well and caused a reassessment of
the “10 g/dL” rule.

The prevalence of preoperative hemoglobin concentra-
tion abnormalities has been studied in many different sur-
gical populations. The incidence of abnormalities varies
with how the abnormality is defined and the population
studied. Table 5-1 summarizes several studies. Prospec-
tive studies have shown that screening baseline hemo-
globin for surgeries that do not involve significant blood
loss predicts no adverse outcome or specific periopera-
tive risk.16-18 A prospective consecutive case study in 395
hip fracture patients older than age 65 showed that
patients with anemia on admission to the hospital have
a lower functional status, longer hospital stays, and a
higher mortality rate at 6 and 12 months after the frac-
ture.19 As noted previously, retrospective studies from
the 1970s showed that mortality rates increased as
hemoglobin levels decreased.14 This has recently been



Table 5-1 Hemoglobin Abnormalities

Year Study Type Surgical Population N % Abnormal Outcomes

200720 Retrospective
cohort

Noncardiac surgery 310,311 Anemia: 42.8
Polycythemia:
0.2

30-day mortality rate and cardiac events increased
with positive or negative deviations from normal
hemoglobin levels; 1.6% increase in 30-day mortality
rate with every percentage point increase or decrease
in hematocrit level from normal range

200117 Consecutive
cohort

Noncardiac surgery 544 10 No prediction for cardiovascular, pulmonary, renal,
hepatic, neurologic, surgical difficulty, reoperation, or
death

200018 Randomized
prospective

Cataract 19,557 5.9 No difference in intraoperative or postoperative
cardiovascular, cerebrovascular, pulmonary, or
metabolic events

198933 Retrospective Hip replacement 86 4 Baseline useful for transfusion decisions; no effect on
hospital course

198834 Consecutive
cohort

Ambulatory surgery 212 9 No cancellations, complications, or admissions to
hospital

198735 Prospective Major and minor surgery
with suspected
hemoglobin abnormality

2138 32 Useful 22% of the time to transfuse red blood cells
(RBCs) after minor perioperative blood loss in anemic
patient or moderate perioperative blood loss not
followed by RBC transfusion in patient with normal
hemoglobin
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corroborated in a very large retrospective cohort study of
elderly patients having noncardiac surgery looking at the
adverse effects of preoperative anemia or polycythemia
in more than 300,000 patients older than age 65 years.20

In this study, 30-day mortality rate and adverse cardiac
events increased monotonically with hemoglobin levels
below 39% or in excess of 51%. Prospective data from
the National Surgical Quality Improvement Program
included more than 6000 noncardiac surgical patients;
39% of patients in this study had a preoperative hemato-
crit of less than 36%.8 During the perioperative period
the subgroup that had preoperative anemia required five
times more blood than nonanemic patients. This study
also documented that transfusion of more than 4 units of
blood increased the risk of death.

Evidence That Preoperative Hemoglobin
Predicts Transfusion Risk

The best evidence documenting the utility of preoperative
hemoglobin regards perioperative transfusion. Approxi-
mately two thirds of all transfusions occur in the periop-
erative period, with a majority of these being given by
anesthesia providers during the procedure.15 Despite
efforts to base all interventions on evidence, the decision
to treat anemia in the surgical setting is difficult.3

Consideration of the physiologic consequences of ane-
mia combined with the specific procedure and proce-
duralist help determine the transfusion threshold. It is
important to remember that Hebert and colleagues’21

study on transfusion and outcomes in critically ill patients
excluded actively bleeding patients, and thus the applica-
bility of this and similar studies advocating lower transfu-
sion thresholds in operative patients is not clear.
Although the indications for transfusion are debatable,
several studies suggest that the preoperative hemoglobin
concentration predicts transfusion practice in cases asso-
ciated with major blood loss.8,22-26 Consequently, determi-
nation of preoperative hemoglobin concentration in cases
associated with major blood loss helps determine periop-
erative transfusion risk and is needed to estimate the
blood loss required before blood transfusion may be
indicated.
AREAS OF UNCERTAINTY

The advent of recombinant erythropoietin has allowed for
a means to endogenously increase preoperative hemo-
globin, and advocates of this therapy suggest routine
preoperative hemoglobin determination for every patient
undergoing surgery associated with major blood loss.24

Faris and colleagues24 modeled data from two rando-
mized double-blind placebo-controlled studies of 276
orthopedic patients assessing erythropoietin therapy to
increase perioperative hemoglobin in patients having
major orthopedic procedures. Patients treated with eryth-
ropoietin with hemoglobin greater than 10 to less than or
equal to 13 g/dL had a significantly reduced transfusion
risk compared with placebo patients. In patients with a
hemoglobin greater than 13 g/dL, no significant benefit
was observed. No data were reported in patients with
hemoglobin less than 10 g/dL. A study in orthopedic
patients undergoing elective joint arthroplasty showed
that preoperative administration of erythropoietin signifi-
cantly increased preoperative hemoglobin concentration
and decreased blood transfusions compared with matched
controls.9 In addition, this practice has been determined to
be as effective and safe as autologous preoperative blood
donation.10
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Despite these studies, several areas of uncertainty
have limited widespread adoption of this practice. The
preoperative hemoglobin concentration that warrants
erythropoietin therapy, the dose and duration of therapy,
and the cost and risk/benefit ratio between erythropoie-
tin and conventional transfusion therapy are unknown.
The risk of thrombosis may also increase with this
therapy.11

Human studies have documented that rapid induction
of isovolemic anemia is not associated with severe mor-
bidity in the short term in healthy people. Studies have
looked at rapid reductions in hemoglobin from normal
to approximately 5 g/dL. Asymptomatic electrocardio-
graphic changes of the ST segments suggesting myocar-
dial ischemia occurred in 3 of 55 individuals.27 Using the
same model, formal psychometrics were performed at
baseline and after isovolemic anemia at hemoglobins of
7, 6, and 5 g/dL. Immediate and delayed memory were
degraded at the lowest hemoglobin levels, and reaction
times were altered at hemoglobin levels less than 6
g/dL.28 High levels of oxygen reversed these deficits,29

but a nitrous oxide, fentanyl, and isoflurane anesthetic
has been shown to significantly decrease the cardiac output
response associated with acute normovolemic anemia.30

Intraoperative anemia has also been a risk factor for ische-
mic optic neuropathy in adult cardiac surgery patients.31

These studies show the uncertainty in the short- and long-
term effects of isovolemic anemia. It is likely that specific
procedures and patient-specific factors will determine
minimum acceptable hemoglobin concentrations. Further
studies are required to gain insight into this problem.
GUIDELINES AND AUTHORS’
RECOMMENDATIONS

l Randomized prospective studies in patients having elective
surgery without significant blood loss do not show that a pre-
operative hemoglobin predicts any adverse outcome.

l No routine laboratory tests are necessary for preanesthetic
evaluation32; however, anesthesiologists should order tests
when results may influence risks and management of anesthe-
sia and surgery.33-36 (Invasiveness of the procedure, liver dis-
ease, extremes of age or hematologic disorders should be
considered as indications for preoperative hemoglobin levels.)

l Baseline hemoglobin level is a predictor of blood transfusion in
those procedures involving significant blood loss.

l Although moderate isovolemic anemia is well tolerated in
patients with cardiorespiratory reserve, there are limits to the
degree of anemia that is tolerated without symptoms or
sequelae. A baseline hemoglobin determination may be of use
to guide therapy when employing hemodilution techniques.

l Patients with significant cardiac and or pulmonary disease will
have a limited tolerance for perioperative anemia. The decision
for perioperative transfusion should be based on preoperative
hemoglobin concentration, anticipated blood loss, and cardio-
respiratory status.

l Further studies are needed to determine the role of erythropoi-
etin administration before elective procedures associated
with significant blood loss and the minimum acceptable hemo-
globin concentration for a given patient undergoing a given
procedure.
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Is Routine Preoperative
Pregnancy Testing Necessary?

Clinton S. Steffey, MD, and Rebecca S. Twersky, MD, MPH
Surgery on a pregnant woman raises several concerns.
These include the effect of surgery and anesthesia on the
developing fetus and the potential to trigger preterm labor.
The hazards to the fetus could come from teratogenic
effects of drugs administered during the perioperative
period or, in a more advanced pregnancy, alterations in
uteroplacental blood flow and from maternal hypoxia or
acidosis.1 It is reported that up to 15% of known pregnan-
cies miscarry before 20 weeks and up to 50% of unrecog-
nized pregnancies miscarry during the first trimester.2

Because the period of organogenesis is during the first
trimester, elective surgery is usually postponed to avoid
potential teratogenicity and intrauterine fetal death.
Although it is unclear which factors account for it,
increased risk of spontaneous abortion is observed in
women undergoing general anesthesia during the first
or second trimester of pregnancy.1-5 Premature labor is
more likely in the third trimester. Some studies have also
suggested the presence of a strong association between
central nervous system (CNS) defects and first-trimester
anesthesia exposure.6,7

Consequently, the issue of ruling out pregnancy before
surgery is a crucial one. Unfortunately, medical history
alone is often unreliable in ruling out pregnancy,
especially in the adolescent female population.8 It is in
this very population in which obtaining a routine preg-
nancy test may present an ethical and a legal problem.
The patient may refuse to have the test done and may, in
some states, have the legal right to keep that information
private from parents.9 On the other hand, the adult popu-
lation of female patients of childbearing age may very
well have the same or even a higher risk of unknown
pregnancy before a surgical procedure.10,11 Routinely test-
ing those patients for pregnancy may present a trust issue
with women who believe that their history excludes that
possibility. Moreover, when calculating the cost incurred
if pregnancy screening is done routinely before each sur-
gery, this becomes an even more controversial issue.12,13
OPTIONS

Should preoperative pregnancy testing be performed on
all female patients of childbearing age or just in selected
populations? Whether these selected populations should
include only those whose history is suggestive of preg-
nancy, or whose history is unclear, is still unresolved.
The general practice of anesthesiologists differs according
to the institutions in which they work, as well as by their
personal judgments and convictions. Instituting policies
for preoperative pregnancy testing should be based on
the patient’s best interests in correspondence with state
law and ethical responsibility.11

The American Society of Anesthesiologists (ASA) Com-
mittee on Ethics has stated that patients should be offered
but not required to undergo pregnancy testing unless
there is a compelling medical reason to know the patient
is pregnant.14

The ASA Practice Advisory for Preanesthesia Evalua-
tion was amended by the ASA House of Delegates on
October 15, 2003, to reflect this. “The Task Force recog-
nizes that patients may present for anesthesia with an
early undetected pregnancy. The Task Force believes that
the literature is inadequate to inform patients or physi-
cians on whether anesthesia causes harmful effects on
early pregnancy. Pregnancy testing may be offered to
female patients of childbearing age and for whom the
results would alter the patient’s management.”15 The most
common policies on preoperative pregnancy testing were
outlined in a recent ASA Newsletter.16 One approach is to
test every female patient of childbearing potential whether
or not she consents. The justification for this is that consent
to surgery and anesthesia is also consent to a pregnancy
test. An alternative policy is one that allows patients to
refuse testing after anesthetic and surgical risks to a possi-
ble pregnancy have been explained. However, after refusal
the patient is asked to waive all legal rights relating to
undetected pregnancy. In some anesthesiology depart-
ments the patient is informed and consulted but may be
tested whether or not she consents.16

In a survey distributed to members of the Society of
Obstetric Anesthesia and Perinatology (SOAP), almost
one third of 169 respondents required preoperative preg-
nancy testing for all childbearing-age female patients
through mandatory departmental policy. Sixty-six percent
(66%) of surveyed anesthesiologists, however, required
testing only when history indicated possible pregnancy.17

When surveyed, members of the ASA were asked whether
pregnancy testing should be done routinely for all
patients versus selected populations; 17% believed it was
a necessary routine test, whereas 78% chose the latter.15

The finding of a positive result has a very important
impact on clinical management because it will lead to
either delays or cancellations of surgery.8,10,11,18,19
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EVIDENCE

Several studies have been conducted to examine the reli-
ability of obtaining medical history preoperatively in
indicating the possibility of pregnancy (Table 6-1). These
studies included patients from different age-groups. One
study by Malviya and colleagues,20 in the adolescent pop-
ulation, showed that none of the patients who underwent
testing were found to have a positive urine pregnancy
test. Data from the study indicated that most of the
patients denied the possibility of pregnancy, whereas very
few were not sure. The authors concluded that a detailed
history should be obtained in all postmenarchal patients,
and unless indicated by that history, pregnancy testing
would not be required. It is noteworthy that 17 patients
in that study refused testing.

Several other studies, on the other hand, demonstrated
that the medical history was often inconclusive and
Table 6-1 Detecting the Incidence of Pregnancy dur
and Laboratory Testing

Study Design Duration
No. of
Cases

Patient
Population

Manley and
colleagues19

Prospective 36 mo 2056 All females of
childbearing
potential

Gazvani
and
colleagues22

Prospective 23 mo 125 Females
undergoing
laparoscopic
sterilizations

Azzam and
colleagues18

Retrospective 24 mo 412 Adolescents

Twersky
and
Singleton10

Prospective * 315 All females of
childbearing
age

Malviya
and
colleagues20

Prospective 26 mo 525 Adolescents

Pierre and
colleagues8

Prospective 21 mo 801 Adolescents

Wheeler
and Cote11

Prospective 15 mo 235 Adolescents
and adults

Hennrikus
and
colleagues21

Retrospective 36 mo 532 Adolescents

Kahn and
colleagues13

Retrospective 12 mo 2588 All females of
childbearing
potential

*Was not specified in the study.
{History indicated the possibility of pregnancy in all patients who tested positive.
{History did not indicate possibility of pregnancy in all patients who tested positiv
occasionally misleading. This was true for both adults
and adolescents. Two studies, by Azzam and colleagues18

and Pierre and colleagues,8 demonstrated positive preg-
nancy test results in adolescent patients undergoing sur-
gery. Incidence rates were 1.2% and 0.49%, respectively.
The medical history in the Pierre study did not always
correlate with test results.

Three additional studies included patients from all
age-groups.10,11,19 Manley and colleagues,19 using either
serum or urinary human chorionic gonadotropin (hCG),
tested 2056 females undergoing ambulatory surgery.
There was an incidence of 0.3% of unrecognized preg-
nancies. Wheeler and Cote11 tested 261 patients ages 10
to 34 years, all of whom denied the possibility of preg-
nancy. Three patients (1.3%) had positive tests. Two of
them were adults. Interestingly, the authors in the studies
by both Azzam and colleagues18 and Wheeler and Cote11

point out that although positive results were documented
ing Preoperative Evaluation Using History

Age
in
Years

Type
of
Test

Time
of Test

No. of
Positive
Results

Correlation
with
History

* Urine
or
serum
b-hCG

Within
6 days
of
surgery

Total 7 (0.3%) No{

* Urine
b-hCG

* Total 6 (5%) *

10.5-
20

Urine
b-hCG

Total 5 (1.2%)
<14 old-0 (0%)
�15 old-5
(2.4%)

*

* Serum
b-hCG

* Total 7 (2.2%)
<23 old-0

No{

10-17 Urine
b-hCG

Day of
surgery

1 (questionable
result, deemed
negative)

Yes{

12-21 Urine
b-hCG

* Total 6 (0.49%) No{

10-34 * * Total 3 (1.3%)
<15 old-0 (0%)
�15 old-3
(2.3%)

No{

12-19 Urine
b-hCG

Day of
surgery

Total 5 (0.9%) *

* Urine
b-hCG

Day of
surgery

Total 8 (0.3%) No{

e.
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in teenagers, no positive result was detected in patients
younger than 15 years of age. In a study on adolescents,
Hennrikus and colleagues21 tested 532 females between
ages 12 and 19. They found five patients to have positive
urine hCG results, with the youngest being 13 years of age.

Evidence was most compelling in the adult popu-
lation in the study done by Twersky and Singleton,10

which examined 315 consecutive females of childbearing
potential undergoing elective surgery. Seven patients
(2.2%) tested positive for serum beta–human chorionic
gonadotropin (b-hCG). None of them were teenagers.
The highest percentage of positive pregnancy tests was
found among patients undergoing laparoscopic sterili-
zation. A study done in the United Kingdom includ-
ing 125 patients undergoing laparoscopic sterilization
detected 6 positive pregnancy tests (5%).22 The authors
did not specify if the history of these patients indicated
the possibility of being pregnant.23

AREAS OF UNCERTAINTY

Cost

When doing a routine test, it is always important to con-
sider if the findings obtained from that test provide an
advantage over those not tested. Would a higher cost be
incurred if those results were unknown? In a retrospective
study, Kahn and colleagues13 found the average cost
per urine pregnancy test to be $5.03 and the cost per true
positive result to be $3,273. Following these results, they
speculated that the costs of preoperative pregnancy test-
ing were validated by removing the potential risk to the
mother and fetus along with a potential decrease in liti-
gation. Based on the “numbers needed to treat” approach,
Kettler12 calculated the cost of detecting one pregnancy
when using routine preoperative testing. The cost was
$1,050 in the adolescent population and $7,750 in the
adult population. Evaluation of cost needs to be weighed
against the cost of spontaneous abortion, radiation expo-
sure, or possible congenital abnormalities following an
anesthetic and surgical procedure conducted in a patient
with an unknown pregnancy.

Which Test to Be Done

Whether to do a urine pregnancy test versus a serum
pregnancy test has also been a matter of inconsistency.24

The studies mentioned earlier used them interchangeably
(see Table 6-1). In general, it is believed that a urine preg-
nancy test, which is quicker and readily available, is a reli-
able one. It decreases the time required to obtain the
result, in turn decreasing operating room delays.25

How Sensitive

Several urine hCG kits report a sensitivity of 99.4% and a
specificity of 99.5%.21,24 The significance of a positive
pregnancy test is evaluated by the positive predictive
value of the test processed. Based on the data and inci-
dence of pregnancy detected from one preoperative eval-
uation study,19 Lewis and Cooper26 demonstrated that
pregnancy testing had a low positive predictive value.
This means that there will be patients with positive
pregnancy tests who are not actually pregnant and will
have their surgery delayed, secondary to the false-positive
test result. A false-positive result could be due to ectopic
production by neoplasms or from trophoblastic disease.21

A false-negative result could occur if the sample was
taken during the first 10 days after conception, or if the
urine sample was too dilute (e.g., not a first morning
specimen). However, given the low prevalence of actual
pregnancy in the surgical population, positive predictive
values vary and would be higher in other studies that
resulted in higher incidence rates. Larger studies with
bigger patient samples and unified testing methods are
needed to resolve this issue.

When to Test

Levels of hCG are elevated 10 days after conception and
remain elevated throughout gestation. In many cases,
pregnancy testing takes place within 7 days before sur-
gery. However, the concentration of b-hCG in early preg-
nancy doubles every 1.4 to 2 days.21,26 Therefore there is a
concern that an undetectable level at 7 days before sur-
gery may become detectable on the day of surgery.27,28

Thus it seems that testing on the day of surgery may iden-
tify more pregnant patients than when doing it earlier.
It should be noted, however, that testing on the day of
surgery opens up the chance for cancellation of surgery
and hence complicates the surgical schedule, at a cost to
the organization of a case that cannot be substituted.

GUIDELINES

The ASA, in its statement on routine preoperative labora-
tory testing, did not see any one test to be a requirement
for all patients. Rather, testing guidelines should be tai-
lored by each individual anesthesia department and
according to its influence on selected populations.29

In 2002, a task force was appointed by the ASA to review
available literature, obtain expert and public opinion, and
create the consensus-based “Practice Advisory for
Preanesthesia Evaluation.”15

The task force agreed that preoperative tests should not
be ordered routinely. Rather, preoperative tests should be
done or required on a selective basis for purposes of guid-
ing and optimizing perioperative management. The indi-
cations for testing should be documented and based on
medical and physical examination. The task force, how-
ever, recognized that a history and examination might be
insufficient for identification of early pregnancy. In its
2003 amendment, in keeping with the ethical guidelines
of anesthesia practice, it recommended that all female
patients of childbearing potential should be offered preg-
nancy testing, rather than required to undergo testing,
in light of the equivocal evidence-based linkages between
pregnancy testing and anesthesia outcome. It gives indi-
vidual physicians and hospitals the opportunity to set
their own policies and practices relating to preoperative
pregnancy testing. Though legitimate or illegitimate con-
sequences can ensue (Ballard v. Anderson, 4 Cal. 3d 873,
1971; Truman v. Thomas, 27 Cal. 3d 285, 1980; Rechenbach
v. Haftkowycz, 654 Ohio 2d 374, 1995), medicolegal concerns
alone should not be the driving force to guide policies.
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Some hospitals respect the patient’s right of refusal after
a thorough explanation of anesthetic risks during preg-
nancy, but require the patient to sign a waiver releasing
the physicians and hospital from potential litigation over
an unknown pregnancy.16 Additionally, policies should
address who shall discuss the results with the patient and
AUTHORS’ RECOMMENDATIONS

Medical tests are performed based on the contribution they
offer to patient care and safety (Table 6-2). In this case we
must ask ourselves the following question: How important is
it to know if a patient is pregnant or not before performing
surgery?

Even though the prevalence of pregnancy is expected to be
low in patients undergoing surgery, the discovery of the fewest
number of cases is extremely significant. As important as this
would be to protect the patient and fetus, it is also important
to protect the physician from unwarranted litigation. The argu-
ment has been, is this cost-effective? If we factor in the cost gen-
erated by abortions, miscarriages, and even malpractice
lawsuits secondary to a suspected anesthetic teratogenic effect,
one may conclude that pregnancy testing is indeed cost-
effective. There have been concerns regarding the methods of
informing patients before obtaining a pregnancy test. Some
studies informed all patients, whereas others did not because
the test was mandatory.

l We believe that even if the test is made to be mandatory, this
should not preclude from obtaining a well-documented
informed consent. Patients still have the right to refuse testing,
at which point the physician also has the right to refuse to
render services after explaining the rationale behind the test
and the safety issues involved.

l Mandatory testing offers the advantage of avoiding the conflicts
that physicians are presented with when some adolescent
patients are asked about the test or their sexual history. The
same applies to parents or adult patients, who may be offended
by a detailed sexual history. As for young patients who are at
the onset of their menses, there is no evidence that testing is
helpful. Several studies have shown that patients under age 13
test negative. However, we prefer to have those patients
tested if they consent because there are occasions where they
may not disclose all of their history, or that history may be
inaccurate.

l A policy must be in place addressing which physicians should
be involved in informing the patient of the results and who
may be informed of the results.

l In terms of what test to perform, serum testing is very sensitive
and may be sufficient when done within a week of the
surgical date. However, if a urine pregnancy test is used, it is
preferably done on the day of surgery in order for it to identify
the greatest number of pregnant patients.

In conclusion, based on current evidence, pregnancy testing
is a cost-effective method and should be offered to all verbally
consenting females of childbearing potential. This does not sub-
stitute for an appropriate pregnancy history and physical
examination.

This will remain a controversial issue, and larger studies are
needed. They should include a larger number of patients from
all age-groups and use a unified method of testing, as well as
a well-documented informed consent.
who is allowed to be notified of the results (partner, family,
insurance company, employer, etc.).14 Individual institu-
tions should develop guidelines centered on the content
and reliability of the patient’s medical history, balanced
by the physician’s judgment.
Table 6-2 Recommendations for Preoperative
Pregnancy Testing

Population Type Recommendations

Menstruating females under
13 years of age

No pregnancy test unless
history is either indicative of
sexual activity or is
inconclusive.

Patients of childbearing age
(over 13 years of age until 1
year after last reported
menses)

Preoperative pregnancy test
should be offered to all
patients regardless of
history, except in patients
with a history of
hysterectomy or bilateral
salpingo-oophorectomy.

Testing on the day of surgery Urine pregnancy test is
sufficient.

Testing within 1 week of
surgery

Serum pregnancy test is
preferable.

All patients Well-documented informed
consent must be obtained
from patients or their
guardians.

All patients A thorough and detailed
history should be obtained
from all patients.
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 What Are the Risk Factors for
Perioperative Stroke?

Alexander Papangelou, MD, and Marek Mirski, MD, PhD
BACKGROUND

Perioperative stroke is a potentially devastating complica-
tion of surgery whose incidence varies widely with surgical
procedure. A perioperative stroke can occur intraopera-
tively or in the postoperative period; however, this window
of risk is not standardized, as studies have used intervals of
3 to 30 days.

A recent review on this topic illustrated the represen-
tative incidences based on surgical procedure.1 These
categories included general surgery (0.08% to 0.7%),2

peripheral vascular surgery (0.8% to 3.0%),3 resection of
head and neck tumors (4.8%),4 carotid endarterectomy in
symptomatic patients (5.5% to 6.1%),5 isolated coronary
artery bypass graft (CABG) surgery (1.4% to 3.8%),6,7 com-
bined CABG with valve surgery (7.4%),6,7 isolated valve
surgery (4.8% to 8.8%),6 double- or triple-valve surgery
(9.7%),6 and aortic repair (8.7%).7 Beating-heart CABG
has a lower incidence of stroke than does CABG on
bypass (1.9% versus 3.8%, respectively).6

This variability in perioperative stroke incidence
reflects the underlying surgical anatomy, risk of vascular
compromise and injury, and the patient’s overall preoper-
ative health status. As such, there are likely no simple
solutions for this complex perioperative complication.
The problem has been approached by different specialties
with a variety of preventive measures, including intense
intraoperative monitoring, novel approaches to the surgi-
cal procedure, and development of predictive models.
Regardless, the incidence of perioperative stroke has
remained a concern.

The implication from the aforementioned reviews is
that to achieve an appreciable reduction in the incidence
of stroke, it will require universal as well as selective
improvements by each surgical subspecialty. A fair
appraisal of perioperative stroke thus requires that we
present data for general surgery, carotid surgery, and
cardiac surgery separately.
PATHOPHYSIOLOGY

Proposed mechanisms for perioperative ischemic stroke
include thrombotic, embolic, lacunar, hematologic (hyper-
coaguable state), and hypoperfusion.8 Evidence from
studies of cardiac surgery supports that perioperative
hemorrhagic stroke has a very low incidence. For example,
Likosky and colleagues9 looked at 388 patients who suf-
fered stroke after isolated CABG surgery. This study used
the Northern New England Cardiovascular Disease Study
Group classification system, and imaging was performed
in the form of computed tomography (CT) or magnetic
resonance imaging (MRI). The study revealed that 62.1%
of strokes were embolic, 3.1% lacunar, 1.0% thrombotic,
8.8% due to hypoperfusion, 1.0% hemorrhagic, 10.1% mul-
tiple etiologies, and 13.9% unclassified. About 45% of
strokes were detected within the first postoperative
day, with a slow decrement of detection over time (about
20% additional by postoperative day 2, about 12% addi-
tional by postoperative day 3, and less than 5% beyond
postoperative day 10).9

The source of emboli (cardiac or artery-to-artery) dur-
ing any surgery could include arrhythmias such as atrial
fibrillation, aortic arch atherosclerosis, perioperative myo-
cardial infarction, and manipulations of the heart and
carotid arteries.10 The release of particulate matter from
the cardiopulmonary-bypass pump must also not be
forgotten. A rare source may also be paradoxic emboli
from a patent foramen ovale or fat emboli during orthope-
dic procedures.10 In a study of 2630 CABG patients,11 2.0%
had postoperative strokes. The event occurred after a
mean of 3.7 days. In 19 of 52 patients (36.5%), atrial fibril-
lation preceded the stroke, with a mean of 2.5 episodes of
atrial fibrillation before the event.

Tissue injury from surgery results in a prothrombotic
state, which lasts up to 14 to 21 days postoperatively. This
is supported by decreased levels of tissue plasminogen
activator and increased plasminogen activator inhibitor
type 1 activity, fibrinogen-degradation products, throm-
bin-antithrombin complex, thrombus precursor protein,
and D-dimer.12-14 Other factors such as the use of general
anesthesia, inadequate resuscitation leading to postopera-
tive dehydration, and bed rest may all aggravate a hyper-
coaguable state.8 Often, antiplatelet and anticoagulant
agents are held in the perioperative period as well. This
may exacerbate a hypercoaguable state and further
increase the risk of perioperative stroke.15,16 This practice
has slowly changed, and it is being found that these
agents are likely safe in the large majority of surgeries.17

Gottesman and colleagues18 presented a different view
of stroke in cardiac surgery. They studied 98 patients who
had MRI after a clinical stroke. The group identified
watershed infarcts in 68% of the diffusion-weighted imag-
ing (DWI) sequences of MRI versus 37% of brain CTs.
33
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In fact, 48% of DWI MRIs demonstrated bilateral water-
shed infarcts versus 22% of CTs. Bilateral watershed infarct
patients were more likely to have undergone an aortic pro-
cedure than a simple or second CABG. These patients
trended toward longer bypass times (nearly significant;
p ¼ 0.055). Univariate and multivariate logistic regression
revealed that patients with a drop inmean arterial pressure
(MAP) of at least 10 mm Hg from their preoperative base-
line were greater than four times more likely to develop
bilateral watershed infarcts than those with a small or
no decrement in blood pressure. Importantly, absolute
intraoperative blood pressure was almost identical in the
bilateral watershed infarct group versus other infarct pat-
terns. This author mentions the possibility that watershed
infarcts may be due to a mechanistic interplay of hypoper-
fusion and embolization, citing a paper by Caplan and
Hennerici.19 The theory is that a state of reduced perfusion
(due to reduced MAP or due to arterial narrowing, i.e.,
carotid) may impede washout of microemboli showered
during cardiac surgery, and these particulates have a
predilection to settle in watershed areas.

In keeping with this theory, a randomized study of
248 elective CABG patients by Gold and colleagues20

revealed that patients maintained at a higher MAP (80 to
100 mm Hg) during bypass had a lower incidence of
stroke. This study has been criticized for lack of power to
draw any widely applicable conclusions. On the contrary,
van Wermeskerken and colleagues21 looked at outcomes
from 2862 patients undergoing CABG. After controlling
for bypass time and preoperative stroke risk index,
patients with a lower pressure during bypass (MAP less
than 50 mm Hg) had a decreased incidence of stroke and
coma.

In general, hypoperfusion is believed to be an uncom-
mon cause of perioperative stroke. The term hypoper-
fusion can imply global hypoperfusion (i.e., resulting in
bilateral watershed infarctions) or relative hypoperfusion
through a preexisting stenosis (i.e., unilateral watershed
infarction due to carotid stenosis). The study by van
Wermeskerken and colleagues21 supports a limited role
of hypoperfusion. In addition, Whitney and colleagues22

concluded that hypoperfusion ischemia is rare during
carotid endarterectomy (CEA), even when the contralat-
eral carotid is occluded. Naylor and colleagues23 reviewed
the literature to assess the role of carotid stenosis as a peri-
operative stroke risk factor for CABG. Ninety-one percent
of screened CABG patients had insignificant disease and
had a less than 2% risk of stroke. The risk increased to
3% for asymptomatic unilateral stenosis of 50% to 99%,
5% in bilateral 50% to 99% stenosis, and 7% to 11% in
those with an occluded carotid. As a consequence of such
data, the current practice is to perform CEA before CABG
or even intraoperatively immediately before CABG.

Studies looking specifically at the mechanisms of stroke
in the general surgery patient are rare, and in general are
not contemporary studies. Hart andHindman24 performed
a retrospective review of 24,500 general surgery patients.
Forty-two percent of strokes were believed to be embolic,
with atrial fibrillation present in 33% of patients at the time
of the events. Interestingly, most perioperative strokes
in the general surgery population occur well into the
postoperative period, on average on the seventh day.2,24-28

A case-control study again reiterated the paucity of intra-
operative stroke, with evidence of only 10 of 61 strokes
occurring intraoperatively.29 Of these studies, Parikh and
Cohen25 found the highest incidence (53%) of stroke within
24 hours following surgery.

Again, taken as a whole, these observations highlight
the fact that the mechanisms of perioperative stroke should
be reviewed in each surgical population separately.

EVIDENCE

There is no meta-analysis specifically assessing the risk fac-
tors for perioperative stroke in the general surgery popula-
tion. The best evidence is in the form of prospective
observational studies, but given that an extensive litera-
ture search identified only one such study, several retro-
spective and case-control investigations were included for
review. A retrospective analysis of noncarotid vascular
surgery patients was also included in Table 7-1.

The existing meta-analyses in cardiac surgery com-
pared conventional CABG and off-pump CABG in terms
of global outcomes. Table 7-2 only addresses stroke. The
2003 analysis included nonrandomized trials, but it was
believed that the inclusion of these data did not bias the
results.30

The existing data on perioperative stroke in cardiac
surgery is limited to multiple prospectively collected,
retrospectively analyzed observational studies. There is
also one case-control design and multiple retrospective
studies in the literature. The data are summarized in
Table 7-3, and a small study with similar surgical break-
down as the article by Bucerius and colleagues6 has been
included for comparison. Also included at the end of the
table are two recent larger prospective studies on thoracic
aortic surgery, as these studies likely best fit in the cardiac
surgery category.

There are several meta-analyses exploring different
aspects of perioperative stroke in carotid surgery. These
are applicable to this chapter only in a broad sense, but
are interesting nonetheless. Only the most recent meta-
analyses on this topic are included in Table 7-4.

Because these meta-analyses did not address the main
theme of this section (risk factors for perioperative stroke),
Table 7-5 includes the major multicenter randomized
clinical trials for carotid endarterectomy.

INTERPRETATION OF DATA

The data presented are vast, but unfortunately the quality
of many studies is suboptimal, especially in the general
surgery group. Most studies of perioperative stroke in
general surgery are older, and often without rigorous
statistical analysis. Several risk factors are commonly seen
in this subset: prior history of stroke, heart disease, hyper-
tension, diabetes, peripheral vascular disease (PVD), and
atrial fibrillation. The most powerful predictor is probably
prior history of stroke.29

In the cardiac literature, the concept of increased surgi-
cal risk in women is prevalent and unique. In addition,



Table 7-1 Perioperative Stroke Studies in the General Surgery Population

Study,
Year Number of Subjects

Study
Design

Stroke
Incidence Significant Risk Factors

198826 2,463 PO 0.2% Previous cerebrovascular disease
Heart disease
Peripheral vascular disease (eightfold increased risk)
Hypertension (threefold-fourfold increased risk)

199325 24,641 R 0.08% Hypertension
Smoking
Previous neurologic symptoms
Abnormal rhythm on ECG

198224 24,500 R 0.07% Atrial fibrillation
Cardiac disease

199062 173 (patients with prior stroke) R 2.9% Use of preoperative heparin sodium (usually as a substitute
for warfarin)
General anesthesia (as opposed to regional)63

Hypotension in recovery room63

200464 2,251 (abdominal aortic
aneurysmectomy)
2,616 (aorto-bifemoral bypass)
6,866 (lower extremity bypass)
7,442 (major lower extremity
amputation)

R 0.4%-0.6% Preoperative ventilation (OR 11)
Previous stroke or TIA (OR 4.2)
Postoperative MI (OR 3.3)
Need to return to operating room (OR 2.2)

199829 61 cases (general surgery)
122 random controls (matched for
age, sex, procedure, and year
of procedure)

CC N/A Previous cerebrovascular disease (AOR1 12.57; AOR2 14.70)*
COPD (AOR1 7.51; AOR2 10.04)
PVD (AOR1 5.35)
Higher MAP on admission (AOR2 1.05)
Blood urea at time of stroke (AOR2 1.04)
Postoperative MI (4 cases vs. 0 control)
Diffuse intravascular coagulation (4 cases vs. 0 control)

200065 1,455 cases (surgery)
1,455 controls (age and gender
matched)

CC N/A Perioperative period after general anesthesia extending for 30
days postoperatively (OR adjusted for known independent
stroke risk factor ¼ 3.9 for all surgeries and 2.9 for general
surgery)

200566{ 172,592 PO 0.03% Most cases in ASA 3 patients 26% of stroke cases had prior
history of stroke

*Adjusted odds ratio 1 (AOR1) is from the univariate analysis. AOR2 is from the multivariate analysis. Noted values are only those that reached statistical
significance.

{Requested copy of study from author. Unable to obtain. Data entered from abstract only.
AOR, adjusted odds ratio; ASA, anesthesia preoperative assessment score (1-5); CC, case control; COPD, chronic obstructive pulmonary disease; MI, myocardial

infarction; OR, odds ratio; PO, prospective observational; PVD, peripheral vascular disease; R, retrospective; TIA, transient ischemic attack.
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older age, a diseased proximal aorta, PVD, history of
stroke, poor cardiac function, chronic renal insufficiency
(CRI), hypertension, diabetes, atrial fibrillation, urgent
surgery, and prolonged bypass time are prevalent risk fac-
tors in multivariate analyses. The most powerful predic-
tors are likely prior stroke, surgery on the aorta, aortic
disease burden, and perhaps female gender.31,32 The two
studies on aortic surgery again reveal female sex and sur-
gery on the proximal aorta as substantial risk factors.33,34

Review of the carotid literature reveals that increased
disease burden on the surgical side and contralateral
occlusion (which will lessen collateral flow) are substantial
factors. Prior stroke or transient ischemic attack (TIA;
on the surgical side), hypertension (especially diastolic
greater than 90), diabetes, and left carotid surgery are also
significant risk factors. Finally, it appears that women do
not benefit from carotid surgery as much as men; this
has been a constant significant finding or trend across
nearly all studies.

In a retrospective review of 6038 patients after CEA in
Ontario, the perioperative 30-day death or nonfatal
stroke rate was 6.0%.35 This study specifically aimed to
identify predictors of stroke and reviewed substantially
more surgical cases than any of the previously cited ran-
domized controlled trials. In this study, a history of TIA
or stroke (odds ratio [OR] 1.75), atrial fibrillation (OR
1.89), contralateral carotid occlusion (OR 1.72), conges-
tive heart failure (OR 1.80), and diabetes (OR 1.28) were
found to be independent predictors of a perioperative
event.



Table 7-2 Meta-analyses of Conventional CABG and Off-Pump CABG: Outcome Analysis

Study,
Year Number of Trials

Number of Subjects
(Intervention/No
Intervention)

Intervention
(30-day Stroke
Percent)

Control (30-day
Stroke Percent)

Outcomes (OR with
Confidence Interval)

200536 37 (21 trials
included data on
stroke)

2859 (off-pump CABG vs.
conventional CABG)

0.4 1.0 0.68 (0.33-1.40)

200330 53 (38 trials
included data on
stroke)

34,126 Not noted Not noted 0.55 (0.43-0.69)

Table 7-3 Perioperative Stroke Risk Factor Studies in the Cardiac Surgery Population

Study,
Year Number of Subjects

Study
Design

Stroke
Incidence

Significant Risk Factors (Multivariate Analysis
Unless Otherwise Noted)

200767 5085 PO 2.6% Female gender (OR 1.7), age > 60 (OR 1.2 per 5 yr
interval), aortic surgery (OR 3.9), previous stroke (OR
2.1), critical preoperative state (OR 2.5), poor
ventricular function (OR 2.0), diabetes (OR 1.7),
peripheral vascular disease (OR 1.8), unstable angina
(OR 1.7), pulmonary hypertension (OR 1.8)

200331 2972 (1900 men, 1072 women) PO 2.8% women,
0.95% men
(p < 0.001)

Women: history of stroke (OR 44.5); ascending aortic
atherosclerosis (OR 2.1); low cardiac output (OR 6.7);
diabetes (OR 2.2)
Men: history of stroke (OR 305.8)

200368 4567 PO 2.5% Cerebrovascular disease (OR 2.66); PVD (OR 2.33);
number of periods of aortic cross clamping (OR 1.31
for each period); LV dysfunction (OR 1.82); increased
age (OR 1.28 for each 10 years); nonelective surgery
(OR 1.83, p ¼ 0.08)

200769 720 PO 3.9% in men;
1.3% in women
(p ¼ 0.066)

Prior cerebral infarction (OR 1.987 per grade);
atherosclerosis of ascending aorta (OR 1.990 per
grade)

200170 6682 PO 1.5% Age > 70 (OR 5.4); LVEF < 40% (OR 4.1); history of
stroke/TIA (OR 3.0); normothermic CPB (OR 2.2);
diabetes (OR 1.9); PVD (OR 1.9)

200071 1987 CABG only
84 CABG and CEA

PO 1.7% CABG;
4.7% combo

Age: 76 vs. 71.9 yr (OR 1.09); hypertension (OR 2.67);
extensively calcified aorta (OR 2.82); prolonged bypass
time (OR 1.01, CI 1.00-1.02)

199672 189 P 4.76% by 1 wk
postoperatively

Univariate analysis on aortic atheromatous grade by
TEE: advancing aortic atheroma grade was a predictor
of stroke (p ¼ 0.00001)

199273 130 ?P 3.85% Protruding aortic arch atheroma (OR 5.8, CI 1.2-27.9)

200654 810 PO stroke and TIA
1.85%

Redo cardiac surgery (OR 7.45); unstable cardiac
status (OR 4.74); history of cerebrovascular disease
(OR 4.14); PVD (OR 3.55); preoperative use of statins
(OR 0.24, CI 0.07-0.78)

200374 11,825 P 1.5% Prediction model incorporated known preoperative
RF: age, DM, urgent surgery, EF < 40%; creatinine
�2.0; additional intraoperative and postoperative RF:
CPB 90-113 min (OR 1.59); CPB �114 min (OR 2.36);
atrial fibrillation (OR 1.82); prolonged ionotrope use
(OR 2.59)

(Continued)

36 Section II PREOPERATIVE PREPARATION



Table 7-3 Perioperative Stroke Risk Factor Studies in the Cardiac Surgery Population—Cont’d

Study,
Year Number of Subjects

Study
Design

Stroke
Incidence

Significant Risk Factors (Multivariate Analysis
Unless Otherwise Noted)

200275 2711 PO 2.7% Past stroke (OR 2.11); hypertension (OR 1.97); age
65-75 (OR 2.39); age �75 (OR 5.02)

199976 4518 PO 2.0% stroke;
0.7% TIA

Known cerebral vascular disease (OR 2.5); renal failure
(OR 1.6); MI (OR 1.5); DM (OR 1.5); age >70 (OR 1.5);
also associated with postoperative low EF and atrial
fibrillation

200077 472 P 3.4% Severity of extracranial carotid artery stenosis
(OR 6.59)

20036 16,184 total: Group 1—8917 CABG only;
Group 2—1842 beating-heart CABG;
Group 3—1830 AV surgery;
Group 4—708 MV surgery;
Group 5—381 multiple-valve surgery;
Group 6—2506 CABG þ valve surgery

PO 4.6% overall;
3.8% in 1;
1.9% in 2;
4.8% in 3;
8.8% in 4;
9.7% in 5;
7.4% in 6

History of CVD (OR 3.55); PVD (OR 1.39); DM
(OR 1.31); hypertension (OR 1.27); urgent operation
(OR 1.47); preoperative infection (OR 2.39); prior
cardiac surgery (OR 1.33); CPB time > 2 hr (OR 1.42);
intraoperative hemofiltration (OR 1.25); high
transfusion requirement (OR 6.04); beating-heart
CABG (OR 0.53, CI 0.37-0.77)

200278 4077 (45 stroke ¼ cases; 4032 “no stroke”
¼ controls)

P, CC 1.1% Increasing age (OR 1.06 per yr); unstable angina (OR
2.69); preoperative creatinine >150 mol/L (OR 2.64);
previous STROKE (OR 2.26); preexisting PVD (OR
2.99); salvage operation (OR 16.1)

199932 2972 PO 1.6% (0.6%
early and 1.0%
delayed)

Early stroke (immediately after surgery): history of
stroke (OR 11.6); ascending aortic atherosclerosis
(OR 2.0); duration of cardiopulmonary bypass
(OR 1.1); female sex (OR 6.9)
Delayed stroke: history of stroke (OR 27.6); DM
(OR 2.8); female sex (OR 2.4); ascending aortic
atherosclerosis (1.4); combined end points of atrial
fibrillation and low CO (OR 1.7)

200579 4380 PO 1.2% History of stroke (OR 6.3); DM (OR 3.5); older age
(OR 1.1); temperature of CPB was insignificant

200041 19,224 P 1.4% Calcified aorta (OR 3.013); prior stroke (OR 1.909);
increasing age—null of 60 (OR 1.522 per 10 yr);
preexisting carotid artery disease (OR 1.590); duration
of CPB (OR 1.27 per 60 min); renal failure (OR 2.032);
PVD (OR 1.62); cigarette smoking in past year
(OR 1.621); diabetes (OR 1.373)

200180 16,528 PO 2.0% CRI (OR 2.8); recent MI (OR 2.5); previous stroke
(OR 1.9); carotid artery disease (OR 1.9) hypertension
(OR 1.6); diabetes (OR 1.4); age >75 yr (OR 1.4);
preoperative moderate/severe LV dysfunction
(OR 1.3); postoperative low cardiac output syndrome
(OR 2.1); postoperative atrial fibrillation (OR 1.7)

200581 783 total: Group 1—582 CABG only;
Group 2—101 single VR;
Group 3—70 combined CABGþVR;
Group 4—30 multi VR

R Stroke and TIA
1.7% in 1;
3.6% in 2;
3.3% in 3;
6.7% in 4

Previous neurologic event (OR 6.8); age >70 (OR 4.5);
preoperative anemia (OR 4.2); aortic atheroma (OR
3.7); duration of myocardial ischemia (OR 2.8);
number of bypasses (OR 2.3); LV-EF <0.35 (OR 2.2);
insulin-dependent diabetes (OR 1.5)

200733 171 serial TEVAR cases PO 5.8% Prior stroke (OR 9.4); involvement of the proximal
descending thoracic aorta (OR 5.5); CT demonstrating
severe atheromatous disease of aortic arch (OR 14.8)

200734 606 stent/graft cases PO 3.1% stroke;
2.5%
paraplegia

Stroke: duration of the intervention (OR 6.4); female
sex (OR 3.3)
Paraplegia: left subclavian artery covering without
revascularization (OR 3.9); renal failure (OR 3.6);
concomitant open abdominal aorta surgery (OR 5.5);
three or more stent grafts used (OR 3.5)

CC, case control; CI, cardiac index; CPB, cardiopulmonary bypass; CRI, chronic renal insufficiency; EF, ejection fraction; LV, left ventricular; MI, myocardial
infarction; OR, odds ratio; PO, prospective observational; PVD, peripheral vascular disease; R, retrospective; TIA, transient ischemic attack.
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Table 7-4 Summary of Meta-analysis on Carotid Surgery and Stroke

Study,
Year Number of Trials

Number of
Subjects
(Intervention/No
Intervention) Intervention Control Outcomes

199982 23 publications from 3
randomized studies
(NASCET, ECST,
VACSP)

6078 (3777/2301) Surgery Medical
treatment

Stenosis 70%-99% (absolute RR 6.7%, NNT 15,
to prevent stroke or death)
Stenosis 50%-69% (absolute RR 4.7%, NNT 21)
Stenosis <49% (absolute risk increase 2.2,
NNH 45)

200483 7 randomized; 41
nonrandomized

554 in randomized;
25,622 in
nonrandomized

Local
anesthesia
for CEA

General
anesthesia
for CEA

Meta-analysis of nonrandomized studies
showed significant reduction in risk of stroke
(31 studies), but this was not shown in analysis
of randomized studies
Conclusion: insufficient evidence

200484 7 randomized 1281 operations Carotid
patch
angioplasty
during CEA

Primary
closure

Patch angioplasty associated with reduced risk
of stroke of any kind (p ¼ 0.004), ipsilateral
stroke (p ¼ 0.001), perioperative stroke or death
(p ¼ 0.007), long-term stroke or death
(p ¼ 0.004), perioperative arterial occlusion
(p ¼ 0.0001), long-term decreased recurrent
stenosis (p <0.0001)

200585 62 (16 studies
evaluated
perioperative stroke
and gender
differences)

9131 female;
17,559 male

Female Male Female gender (OR 1.28; CI 1.12-1.46)
Also evaluated risk of nonfatal perioperative
stroke based on age: age �75 (OR 1.01, CI 0.8-
1.3); age �80 (OR 0.95)

200537 3 (asymptomatic
carotid stenosis)

5223 CEA Medical Perioperative stroke or death rate: 2.9%
Perioperative stroke or death or subsequent
ipsilateral stroke: benefit for CEA (RR 0.71,
CI 0.55-0.90)

CEA, carotid endarterectomy; CI, confidence interval; NNH, number needed to harm; NNT, number needed to treat; OR, odds ratio; PVD, peripheral vascular
disease; RR, risk reduction; TIA, transient ischemic attack.

Table 7-5 Summary of Randomized Controlled Trials of Carotid Endarterectomy

Study,
Year

Number of
Subjects
(Intervention/No
Intervention) Study Design Intervention

Control (No
Intervention) Outcomes

199838

NASCET
1108 intervention;
1118 no
intervention

RCT of
symptomatic
carotid stenosis
(50%-69%)

CEA Medical
management

Perioperative stroke risk: 6.16%
Univariate analysis: contralateral carotid
occlusion (RR 2.3); left-sided carotid disease
(RR 2.3); daily dose of less than 650 mg ASA
(RR 2.3); absence of history of MI or angina (RR
2.2); lesion on imaging ipsilateral to operative
artery (RR 2.0); DM (RR 2.0); diastolic BP
>90 mm Hg (RR 2.0)

199886

ECST
1811 intervention;
1213 no
intervention

RCT of all
symptomatic
carotid stenosis

CEA Medical
management (as
long as possible)

Perioperative stroke risk: 6.8%
Cox proportional-hazards model of major
stroke or death within 5 postoperative days:
female sex (hazards ratio: 2.39); age in years at
randomization (HR 0.959 per year); occluded
symptomatic carotid (HR 12.77)

(Continued)
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Table 7-5 Summary of Randomized Controlled Trials of Carotid Endarterectomy—Cont’d

Study,
Year

Number of
Subjects
(Intervention/No
Intervention) Study Design Intervention

Control (No
Intervention) Outcomes

199939

ACE
1395
“intervention”;
1409 “no
intervention”

DBRCT of all
patients
scheduled for
CEA

Low-dose
ASA (81 or
325 mg)

High-dose ASA
(650 or 1300 mg)

Perioperative any stroke/death (30 days): 4.7%
in low dose and 6.1% in high dose (RR 1.29, CI
0.94-1.76)
Univariate analysis for perioperative stroke/
death: contralateral carotid occlusion (RR 2.3);
history of DM (RR 1.9); taking �650 mg ASA
(RR 1.8); endarterectomy of the left carotid (RR
1.6); ipsilateral TIA or stroke in prior 6 months
(RR 1.4); history of contralateral stroke (RR
1.47); insulin therapy (RR 1.78)

200487

ACST
1560 intervention;
1560 no
intervention

RCT of
asymptomatic
carotid stenosis
�60%

Immediate
CEA

Medical
management

Perioperative stroke (30 days): 2.79%
Perioperative stroke RF not assessed
Conclusion: in those <75 years of age with
asymptomatic stenosis of 70% or more, CEA
cut 5-year stroke risk from 12% to 6%

199188

ECST
Mild stenosis
(0%-29%): 219
intervention, 155
no intervention
Severe stenosis
(70%-99%): 455
intervention, 323
no intervention

RCT of
symptomatic
carotid stenosis

CEA No CEA Perioperative stroke/death (30 days): 3.7%
severe stenosis, 2.3% mild stenosis
Adverse 30-day outcome predicted by high
blood pressure (SBP >160 mm Hg); rapid
surgery (less than 1 hour)

199589

ACAS
825 intervention;
834 no
intervention

RCT of
asymptomatic
carotid stenosis
�60%

CEA Medical
management

Perioperative stroke/death (30 days after
randomization): 2.3%
Trend toward better outcome in men, but not
statistically significant (p ¼ 0.1)
NNT 19 (to prevent one stroke in 5 years)

199190

NASCET
328 intervention;
331 no
intervention

RCT of severe
(70%-99%)
symptomatic
(TIA or
nondisabling
stroke within
past 120 days)
carotid stenosis

CEA Medical
management

Perioperative stroke (30 days): 5.5%
Absolute risk reduction for intervention group
for 2 years: 17%
Medical management group*:
l 0-5 RF—17% risk stroke in 2 years
l 6 RF—23% risk stroke in 2 years
l �7 RF—39% risk stroke in 2 years

*Selected RF ¼ age >70, male sex, SBP >160, DBP >90, recency (<31 days), recent event was stroke not TIA, degree of stenosis (>80%), presence of ulceration
on angiogram, history of smoking, hypertension, MI, CHF, DM, intermittent claudication, elevated lipids.

ASA, aspirin; BP, blood pressure; CEA, carotid endarterectomy; CHF, congestive heart failure; CI, confidence interval; DB, double-blind; DM, diabetes mellitus;
NNH, number to harm; NNT, number to treat; OR, odds ratio; P, placebo controlled; PVD, peripheral vascular disease; RCT, randomized controlled trial;
RF, risk factor; RR, risk reduction; TIA, transient ischemic attack.
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AREAS OF UNCERTAINTY

In the cardiac literature, the most common question is
whether off-pump CABG reduces perioperative stroke.
This was assessed by two meta-analyses. It appears that
off-pump CABG has a trend toward, if not being signifi-
cantly superior to, conventional CABG in preventing peri-
operative stroke (OR [confidence interval, CI] 0.68 [0.33 to
1.40] and 0.55 [0.43 to 0.69]).30,36 It is also likely that a “no
touch” technique substantially reduces stroke risk in those
with a heavily diseased aorta. In addition to technique,
additional controversies revolve around intraoperative
technologies to help prevent stroke (i.e., transesophageal
echocardiography (TEE), epiaortic ultrasound, intraaortic
filtration devices).
In the carotid literature, many of the controversies are
addressed in the meta-analyses. One question is whether
the use of local anesthesia instead of general anesthesia
will reduce stroke risk. The conclusion is that we need
more prospective studies to come to a verdict, although
there is a suggestion that local anesthesia may be supe-
rior.37 The NASCET trial showed that a daily dose of aspi-
rin of less than 650milligrams was associated with a higher
relative risk of stroke.38 The ASA and Carotid Endarterec-
tomy (ACE) study39 seemed to clear up that controversy,
showing the opposite result, that conventional low-dose
treatment was safer. This leads to current practice and
guidelines to use 81 or 325 milligrams of aspirin.40 Much
of the current research in CEA is identifying the patient
population who will benefit the most from surgery.
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SUMMARY

Stroke is a devastating event, the incidence of which
is augmented in the perioperative period. The most obvi-
ous consequence of perioperative stroke is worsened
outcomes, particularly in terms of hospital mortality risk.
A representative number for hospital mortality rate after
CABG is about 24.8%,41 and about 33% for thoracic endo-
vascular aortic repair (TEVAR).33 In another large data-
base of 35,733 patients, the 1-year survival following
stroke in the CABG population was 83%.42 Additionally,
intensive care unit (ICU) stay and hospital stay were
increased, as well as health dollars spent.

One positive view of this phenomenon of perioperative
cerebral ischemia is that, as an aggregate, surgery patients
have a 0.08% to 0.7% base chance of having a periopera-
tive stroke.1 The risk of this event is altered by the pres-
ence or absence of risk factors (as noted in Table 7-1).
This basic risk of stroke likely overlaps into all surgical
procedures, including CABG and CEA. The success of
the many predictive scales for postoperative stroke relies
on accurately incorporating these risk factors. The aug-
mented risk in CABG and CEA is likely from technical
aspects of the surgery itself (accounting for the immediate
postoperative ischemic events), as well as themore tumultu-
ous postoperative course (electrolyte abnormalities, dehy-
dration, arrhythmias, infections, redo procedures, etc.).

In the cardiac literature, it appears that continued
improvement in stroke rates is very much feasible based
on proper use of alternative techniques and multiple avail-
able technologies. As discussed earlier, off-pump CABG
likely has a lower stroke risk as compared with conven-
tional CABG.36,30 One study revealed a promising off-
pump CABG perioperative stroke/TIA rate of 0.14%,43 an
exceptionally low risk rate.

Another major issue is how to deal with clot burden
in the ascending aorta and arch. A study by Macken-
sen and colleagues44 demonstrated that cerebral emboli,
as detected by intraoperative transcranial Doppler, were
significantly associated with atheroma in the ascending
aorta and arch but not the descending aorta. These emboli
may be responsible for intraoperative stroke, but also
other cerebral injury that may lead to postoperative delir-
ium or long-term cognitive dysfunction. Logically, the
use of novel available technologies may reduce these
outcomes. In Europe, the use of intraaortic filtration
appeared to improve postoperative neurologic outcome.45,46

In one study, 402 patients were nonvoluntarily assigned
intraaortic filtration.45 The predicted number of strokes
was estimatedwith the use of the Stroke Risk Index. Six neu-
rologic events occurred, whereas the Stroke Risk Index
predicted 13.7.

Both epiaortic ultrasound and TEE have been used to
assess clot burden of the ascending aorta and aortic arch.
In cases where aortic atheroma is severe (greater than
5 mm), altering technique (“no touch,” off pump) may
be paramount in importance. In one study, using both
TEE and epiaortic ultrasound resulted in 0 strokes in the
high-risk group (22 patients).47 In cases of moderate dis-
ease (3 to 5 mm), careful choice of aortic cannulation site
and minimal cross-clamping (single clamp) seemed to
have improved outcomes.47,48 In addition to the studies
already discussed, there is evidence that a “no touch”
technique, in the right setting, may improve overall out-
come, aside from overt stroke. In a review of 640 off-
pump CABG cases,49 84 had their surgeries modified with
a “no touch” technique. In the “no touch” group, the
postoperative delirium rate improved (8% versus 15%,
p ¼ 0.12), and there was a lower incidence of stroke (0%
versus 1%), although numbers were too small to reach
statistical significance.

The improvements in carotid surgery will likely
revolve, in part, around optimal patient selection, timing,
and intervention approach. Currently, it is thought that
severe (70% to 99%) symptomatic carotid stenosis benefits
the most (5-year absolute risk reduction of 16%); followed
by moderate (50% to 69%) symptomatic stenosis (5-year
absolute risk reduction of 4.6%); and, finally, asymptom-
atic carotid stenosis of 60% to 99% (small benefit).40

Also, current practice is to perform CEA within 6 weeks
of a nondisabling carotid-related ischemic stroke. A pro-
spective multicenter observational study directly assessed
this question.50 In this study, the perioperative stroke
and death rate was 6.7%, comparable with ECST and
NASCET. Interestingly, higher ASA grades of III and IV,
as well as decreasing age, were predictive of higher
perioperative risk, especially if surgery was done in the
first 3 weeks. The perioperative risk was 14.6% in the first
3 weeks versus 4.8% beyond the first 3 weeks.

In the early part of this decade, carotid artery stenting
(CAS) was used freely in all patient groups without
the support of much evidence. Current investigations,
however, are now considering the optimal use of CAS.
A recent meta-analysis of seven trials (1480 randomized
to CEA, 1492 to carotid angioplasty with or without stent-
ing) significantly favored CEA over CAS with regard to
death or any stroke at 30 days, risk of death, any stroke
or myocardial infarction at 30 days, ipsilateral stroke
at 30 days, any stroke at 30 days, death or stroke at
6 months, and the risk of procedural failure.51 CAS,
however, may be suitable in patients with concomitant
coronary disease awaiting revascularization,52 and in
those patients with contralateral carotid occlusion.53

Finally, one must mention the possibility of identifying,
using, or developing novel neuroprotective drugs. There
is evidence that preoperative use of statins may be protec-
tive for cardiac surgery.54 In addition, one study showed
that perioperative beta-blockade during cardiac surgery
may reduce the risk of neurologic injury.54a Several anes-
thetic agents, such as thiopental and isoflurane, may also
provide some level of neuroprotection.55

For now, we must rely on identifying those patients at
highest risk for a perioperative stroke. A commonly used
scale for cardiac surgery is the Multicenter Study of Peri-
operative Ischemia (McSPI) Stroke Risk Index (SRI).56 This
scale is not quite ideal, however, as was shown by a recent
study attempting to validate the SRI.57 Other scales have
been developed and are available for review. A different
scale may be ideal for each surgical specialty. It is our
hope that the contents of this chapter may help guide
management of all patients at risk for stroke in the periop-
erative period.
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AUTHORS’ RECOMMENDATIONS

1. Precise history, especially with regard to history of stroke/TIA.
2. Optimal medical management for stroke risk factors. Con-

sider initiation of statin therapy before CABG.54

3. Continuation of antiplatelet and anticoagulation whenever
feasible.

4. Preoperative echocardiogram: to help risk stratify those
patients with atrial fibrillation (heart failure and atrial
fibrillation in combination increase risk of stroke).

5. Consider use of local anesthesia instead of general anesthesia
when feasible.

6. Intraoperatively: maintain mean arterial pressure as near as
possible to preoperative baseline, especially in patients at
highest risk for stroke.

7. Intraoperatively: maintain glycemic control as per American
Diabetes Association guidelines (as close as possible to 110,
but less than 180). Some studies support this goal in cardiac
surgery, but evidence remains controversial.58-61

8. CABG patients: screening carotid ultrasound with prior CEA
if necessary.

9. CABG patients: intraoperative use of TEE and/or epiaortic
ultrasound to optimize aortic cannulation and clamping
(versus use of “no touch” technique).

10. CABG patients: consider perioperative use of beta-blockade.51

11. Postoperative CABG: monitor for atrial fibrillation with
telemetry for at least 3 days; consider anticoagulation for
30 days after return of sinus rhythm.

12. Postoperative CABG: maintain electrolytes and intravascular
volume.

13. Postoperative CABG and CEA: initiate antiplatelet therapy
because this can reduce risk of perioperative stroke without
increasing bleeding risk.42,43

14. Avoid and promptly treat postoperative (or preoperative)
infections.

15. Prompt neurologic consultation once a potential deficit is
identified. Depending on surgical procedure, options such as
intravenous tissue plasminogen activator (IV tPA), intra-
arterial tPA, mechanical thrombectomy, and clot retrieval
may be considered.
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Should We Delay Surgery
in the Patient with Recent
Cocaine Use?

Nabil Elkassabany, MD
INTRODUCTION

Prevalence and Epidemiology

Cocaine abuse and addiction continue to be a problem
that plagues our nation. Data from the Drug Abuse
Warning Network (DAWN) showed that “cocaine-related
emergency department visits increased 33% between 1995
and 2002. Currently 5 million Americans are regular users
of cocaine, 6000 use the drug for the first time each day,
and more than 30 million have tried cocaine at least
once”.1 Based on these data, the practicing anesthesiolo-
gist will likely come across the cocaine-abusing patient
regardless of the setting of his or her practice.

The classic profile of patients reported to experience
cocaine-related myocardial ischemia is typically a young,
nonwhite, male cigarette smoker with no other signifi-
cant risk factors for atherosclerosis.2 However, this pro-
file no longer holds true as the problem becomes more
severe and is not confined to a particular race or gender.
Cocaine abuse in parturients has been the focus of atten-
tion lately, with a reported incidence between 11.8%
and 20%.3

Pharmacokinetics and Mechanism of Action

Cocaine produces prolonged adrenergic stimulation by
blocking the presynaptic uptake of sympathomimetic
neurotransmitters, including norepinephrine, serotonin,
and dopamine. The euphoric effect of cocaine, the cocaine
high, results from prolongation of dopamine activity in
the limbic system and the cerebral cortex. It can be taken
orally, intravenously, or intranasally. Smoking the free
base (street name for the alkalinized form of cocaine)
results in very effective transmucosal absorption and high
plasma concentration of cocaine. It is metabolized by
plasma and liver cholinesterase to water-soluble metabo-
lites (primarily benzylecgonine and ecgonine methyl ester
[EME]), “which are excreted in urine. The serum half-life
of cocaine is 45 to 90 minutes; only 1% of the parent drug
can be recovered in the urine after it is ingested.4 Thus
cocaine can be detected in blood or urine only several
hours after its use. However, its metabolites can be
detected in urine for up to 72 hours after ingestion,
providing a useful indicator for recent use. Hair analysis
can detect use of cocaine in the preceding weeks or
months.5 Table 8-1 summarizes the pharmacokinetics of
cocaine with different routes of administration.

ANESTHETIC IMPLICATIONS
OF COCAINE ABUSE

Acute effects of cocaine toxicity of interest to the anesthe-
siologist can be summarized as follows:

l Cardiovascular effects
l Pulmonary effects
l Central nervous system (CNS) effects
l Delayed gastric emptying
l Drug-drug interactions (DDIs)

Cardiovascular Effects

Cardiovascular effects of cocaine are largely due to the
sympathetic stimulation resulting from inhibition of the
peripheral uptake of norepinephrine and other sympatho-
mimetic neurotransmitters. Central sympathetic stimula-
tion has been suggested as an alternative mechanism to
explain the exaggerated sympathetic response.6,7 The
resulting hypertension, tachycardia, and coronary artery
vasospasm are responsible for the myocardial ischemia
seen with cocaine toxicity. In addition, there is evidence
that cocaine activates platelets, increases platelet aggrega-
tion, and promotes thrombus formation.8 Knowledge of
the mechanism of myocardial ischemia in patients with
cocaine abuse is a key for effective treatment. Classically,
beta-blockers are avoided because their use may lead to
unopposed alpha-mediated coronary vasoconstriction.9,10

This concept has been recently challenged, and there is
some evidence to support the use of beta-blockers in
cocaine-related myocardial ischemia.11 Alpha-blockers
and nitroglycerin have been used effectively for symp-
tomatic treatment.12 Esmolol is used for treatment of
cocaine-induced myocardial ischemia because of its short
duration of action and the ability to titrate the dose to a
target heart rate.13 Labetalol offers some advantage in that
regard because of its combined alpha- and beta-receptor
blocking effect.14

A major concern in the anesthetic management of the
cocaine-abusing patient is the occurrence of cardiac
arrhythmias. These include ventricular tachycardia, fre-
quent premature ventricular contractions, or torsades de



Table 8-1 Pharmacokinetics of Cocaine
According to the Route of
Administration

Route of
Administration

Onset of
Action

Peak
Effect

Duration of
Action

Inhalation
(smoking)

3-5 seconds 1-3 minutes 5-15 minutes

Intravenous 10-60
seconds

3-5 minutes 20-60 minutes

Intranasal/
intramucosal

1-5 minutes 15-20
minutes

60-90 minutes

Gastrointestinal Up to 20
minutes

Up to 90
minutes

Up to 180
minutes
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pointes. Myocardial ischemia has been suggested as the
underlying mechanism for these arrhythmias; however,
cocaine-induced sodium and potassium channel blockade
is currently thought to be more important. This cation
channel blockade results in QRS and QTc prolongation,
which is considered to be the primary mechanism for
induction of these cocaine-induced arrythmias.15

Aortic dissection16 and ruptured aortic aneurysm17,18

have been reported with acute abuse. Peripheral vasocon-
striction may mask the picture of hypovolemia in the
setting of acute cocaine toxicity.

Chronic use of cocaine can cause left ventricular hyper-
trophy, systolic dysfunction, and dilated cardiomyopa-
thy.19 Repetitive cocaine administration is associated
with the development of early and progressive tolerance
to systemic, left ventricular, and coronary vascular effects
of cocaine. The mechanism of tolerance involves neither
impaired myocardial nor coronary vascular responsive-
ness to adrenergic stimulation but rather attenuated cate-
cholamine responses to repetitive cocaine administration.

Pulmonary Effects

Approximately 25% of individuals who smoke crack
cocainedevelopnonspecific respiratory complaints.20Within
1 to 48 hours, the smoking of cocaine may produce a com-
bination of diffuse alveolar infiltrates, eosinophilia, and
fever that has been termed crack lung.21,22 Long-term
cocaine exposure can produce diffuse alveolar damage,
diffuse alveolar hemorrhage, noncardiogenic pulmonary
edema, and pulmonary infarction.23

Central Nervous System

Stimulation in acute toxicity can lead to euphoria, hyper-
thermia,24 and seizures.25,26 Cocaine-induced psychomo-
tor agitation can cause hyperthermia when peripheral
vasoconstriction prevents the body from dissipating the
heat being generated from persistent agitation. The result-
ing fever has to be differentiated from other causes of
hyperthermia in the setting of general anesthesia. Cocaine
is associated with both focal neurologic deficits and coma.
Possible etiologies include vasoconstriction (i.e., transient
ischemic attack or ischemic stroke) and intracerebral
hemorrhage.27,28 Minimum alveolar concentration (MAC)
of halothane and other inhalational agents is increased
with the chronic use of cocaine.29,30 Cocaine was found to
delay gastric emptying via a centralmechanism.31 This effect
becomes more relevant in the setting of trauma and obstet-
rics. Cocaine-amphetamine-regulated transcript (CART)
is a chemical that acts in the CNS to inhibit gastric acid
secretion via brain corticotropin-releasing factor system.

Drug-Drug Interactions

Even though cocaine is a known inhibitor of the enzyme
cytochrome P450 2D6,32 pharmacokinetic drug-drug interac-
tions (DDIs) are generally unlikely to be clinically relevant.
However, pharmacodynamic DDIs are ameaningful consid-
eration to take into account in the perioperative period.
Cocaine’s potent sympathomimetic effects may act synergis-
tically with other drugs (stimulants, anticholinergic agents,
noradrenergic reuptake inhibitors) to produce an array of
undesirable side effects (blurred vision, constipation, tachy-
cardia, urinary retention, arrhythmias, etc.). Synergistic
pressor effects can produce vascular compromise that can
precipitate cardiac ischemia or cerebrovascular accidents.
Ketamine may exacerbate the sympathomimetic effect of
cocaine.33 Halothane and xanthine derivatives sensitize the
myocardium to the arrhythmogenic effect of epinephrine
and should be avoided as well.34 Cocaine has been reported
to alter the metabolism of succinylcholine because they both
compete for metabolism by plasma cholinesterases.35 How-
ever, Birnbach36 found that succinylcholine can be used
safely in standard doses. Cigarette smoking was found to
enhance cocaine-induced coronary artery vasospasm in the
atherosclerotic segments when compared with the vasocon-
striction produced by cocaine alone.37 This effect was not
evident in normal coronary arteries.

THE CONTROVERSY

Whenever it comes to taking care of cocaine-abusing
patients, the questions that the anesthesiologist has to
answer are, How safe is it to anesthetize patients with
acute cocaine abuse? If the decision was made to delay
the case as a result of a positive toxicology screening test
or self-reported use, how much time should lapse before
it would be “safe” to proceed? Particularly debatable is
the case of elective surgery in a patient who tests positive
for cocaine but does not show any signs of acute toxicity.
Many anesthesia practitioners would prefer to delay such
patients until the patient tests negative for cocaine or has
not been using cocaine for 72 hours. This decision is more
difficult nowadays because of the increased costs and
wastage of resources associated with routine cancellations
of these cases. The literature provides evidence to support
both the safety of the anesthetic and the increased morbid-
ity with the acute use of cocaine.

EVIDENCE

Perioperative Risk of General Anesthesia
with Acute Cocaine Toxicity

The risk of acute myocardial infarction (MI) is increased by
a factor of 24 in the 60 minutes after the use of cocaine in
persons who otherwise are relatively low risk for myocar-
dial ischemia.38 A meta-analysis, done in 1992, reported a
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total of 92 cases of cocaine-related MI.39 Two thirds of
patients had their MI within 3 hours of the use of cocaine
(with a range of 1 minute to 4 days). Data from the third
National Health and Nutrition Examination Survey
(NHANES III) found that 1 of every 20 persons ages 18 to
45 years reported regular use of cocaine.40 This survey
demonstrated that the regular use of cocaine was asso-
ciated with an increased likelihood of nonfatal MI. One of
every four nonfatal MIs in young patients was attributable
to the frequent use of cocaine in this survey. There was no
increased risk of nonfatal stroke in this population asso-
ciated with frequent or infrequent use of cocaine. The focus
of research in this area is to determine risk factors for
developing MI in cocaine-abusing patients. A recent study
suggested that age, preexisting coronary artery disease
(CAD), hyperlipidemia, and smoking are associated with
the diagnosis of MI among patients hospitalized with
cocaine-associated chest pain.41 Cocaine-induced myocar-
dial ischemia can occur whether or not there was preexist-
ing CAD. However, it has been shown that coronary artery
vasospasm tends to be more severe in the diseased seg-
ments of the coronary vessels when compared with the
normal coronary arteries in response to intranasal cocaine
in a dose of 2 mg/kg of body weight.42

Most of the cases of cocaine-related myocardial ische-
mia are reported in the emergency medicine and internal
medicine literature after recreational use of cocaine. There
are seven case reports of cocaine-induced myocardial
ischemia in the setting of the use of cocaine for topical anes-
thesia for ear, nose, and throat (ENT) procedures.43-49

Some of these cases were done with the patient under gen-
eral anesthesia. Two more cases of myocardial ischemia
were reported under general anesthesia after recreational
use of cocaine.50-51 Other cardiac events reported under
general anesthesia with acute use of cocaine include pro-
longed QT interval,52 ventricular fibrillation,53 and acute
pulmonary edema.54,55 One case report described a patient
coming to the operating room (OR) after a motor vehicle
accident with a white foreign body in the back of the
oropharynx that proved to be crack cocaine.56 This case goes
on to report wide swings of blood pressure, patient agita-
tion, and hypotension resistant to treatment with ephedrine.

One of the few studies that demonstrated the inter-
action between cocaine and general anesthesia was the
study by Boylan and colleagues.57 They found that
increasing depth of anesthesia with isoflurane from
0.75 MAC to 1.5 MAC in their swine model was not asso-
ciated with reversal of, or decrease in, the hemodynamic
responses to cocaine infusion.57 The observed responses
were increase in systemic vascular resistance, ventricular
arrhythmias, diastolic hypertension, and reversal of the
endocardial/epicardial blood flow.

The half-life of cocaine ranges from 60 to 90 minutes. A
reasonable assumption would be that most of the cocaine-
related cardiac events in the perioperative period will
happen at a time when the level of the metabolites, not
the parent drug, is high in the circulation. The question
now is, “How active are the metabolites of cocaine and
can they affect the coronary vessels to the same extent
as cocaine itself?” Brogan and colleagues58 randomized
18 patients undergoing coronary artery catheterization
for evaluation of chest pain to receive either intranasal
cocaine or normal saline. They estimated the diameter of
the coronary arteries and measured different hemody-
namic variables at 30, 60, and 90 minutes. They found that
coronary vasospasm happened twice, once at 30 minutes
and the second at 90 minutes. The initial coronary artery
vasospasm correlated with peak level of cocaine in the
blood. The recurrent vasospasm occurred at 90 minutes
when cocaine was hardly detected in the blood. The level
of the main metabolites of cocaine (benzoylecgonine and
EME) was at its peak at this point. Although this study
was able to document a temporal relation between the
recurrent coronary vasospasm and the peak level of the
cocaine metabolites, it did not prove that these metabo-
lites were the cause of the vasoconstriction. Such a proof
will come only from assessment of the coronary vaso-
reactivity after direct administration of each metabolite.

Recent studies have suggested that various metabolites
of cocaine may exert a substantial influence on a variety of
tissues, including the heart, brain, and arterial smooth
muscle. In rats, norcocaine, another pharmacologically
active metabolite of cocaine, was found to be equipotent
to cocaine in inhibiting norepinephrine uptake and in
causing tachycardia, convulsions, and death.59 In feline
cerebral arteries in vitro, benzoylecogonine is a more
potent vasoconstrictor than cocaine.60

Safety of General Anesthesia in Cocaine-
Abusing Patients

The interaction between cocaine and general anesthesia is
not well studied. Most of the information is derived from
clinical case reports or animal studies. The few studies
that looked into this interaction demonstrated that general
anesthesia is probably safe in cocaine-abusing patients,
especially in the absence of clinical signs of toxicity.

Barash and colleagues61 studied 18 patients undergoing
coronary artery surgery to examine whether cocaine in
a clinically used dose exerts sympathomimetic effects dur-
ing general anesthesia. Eleven patients received cocaine
hydrochloride as a 10% solution (1.5 mg/kg) applied
topically to the nasal mucosa. The other group received a
placebo treatment. There were no important differences
in cardiovascular function between groups. The rise in
plasma cocaine concentration bore no relationship to
any changes in cardiovascular function. Administration
of topical cocaine did not exert any clinically significant
sympathomimetic effect and appeared to be well tolerated
in anesthetized patients with coronary artery disease.
The results of this study should be interpreted cautiously
as the doses used for recreational use may well exceed
the doses used during this study.

A more recent study by Hill and colleagues62 demon-
strated that individuals undergoing elective surgery
requiring general anesthesia who test urine positive for
cocaine but are clinically nontoxic are at no greater risk
than drug-free patients of the same ASA physical status.
This study involved 40 ASA physical status I and II
patients between 18 and 55 years of age. The authors of this
study caution that these results may not be applicable to
the cocaine-abusing patient with a QT interval of 500 ms
or more on the preoperative electrocardiogram or to those
patients whose vital signs indicate acute cocaine toxicity.
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Another study looked into maternal morbidity in
cocaine-abusing parturients undergoing cesarean sec-
tion with general or regional anesthesia.63 Cocaine-
abusing parturients were at higher risk for peripartum
events such as hypertension, hypotension, and wheezing
episodes. However, when the analysis was done in a mul-
tivariate model, cocaine abuse was not an independent
risk factor for these events. There was no increase in the
rates of maternal morbidity or death in the cocaine-abusing
group. The cocaine-abusing patients will often be seen in
the OR with a complex medical history. It would be diffi-
cult to predict how our anesthetic is going to interact with
cocaine in the presence of the multiple comorbidities based
on the results of these two studies alone.

Regional Anesthesia and Cocaine-Abusing
Patients

Any advantage of regional anesthesia over general anes-
thesia is controversial. The argument in favor of regional
anesthesia, when possible, includes having an awake
patient who will be able to communicate chest pain as a
sign for myocardial ischemia. If regional anesthesia is
selected, potential complications include combative behav-
ior, altered pain perception, cocaine-induced thrombocyto-
penia, and ephedrine-resistant hypotension. Abnormal
endorphin levels and changes in the mu and kappa
receptors in the spinal cord may be responsible for pain
sensation despite adequate sensory level with regional
anesthesia.64 The duration of action of spinal narcotics
(sufentanil) in labor is shorter in cocaine-abusing part-
urients relative to controls.65 Many theories have been
proposed to explain cocaine-induced thrombocytopenia.
These include bonemarrow suppression, platelet activation,
and autoimmune response with induction of platelet-
specific antibodies. Gershon and colleagues66 challenged
this concept. They concluded that obtaining a routine plate-
let count before epidural or spinal analgesia in cocaine-
abusing parturients is not necessary.
AUTHOR’S RECOMMENDATIONS

1. The decision-making process involving anesthetic care of
cocaine-abusing patients should be individualized. History
and associated comorbidities have to be considered when
deciding whether or not to proceed with elective cases in the
setting of recent cocaine abuse either by self-reporting or urine
testing.

2. The level of invasive monitoring for each patient should be
made on a case-by-case basis.

3. Routinely testing for cocaine is not necessary if the patient is
not showing any signs of clinical toxicity.

4. Typically, we will not delay an elective case if the patient self-
reported recent cocaine use, as long as the patient is clinically
nontoxic and does not have an extensive cardiac history.

5. The issue of the interaction between cocaine and general
anesthesia remains controversial. Until we have conclusive
clinical trials to address this subject, the decision will remain to
be individualized according to the setting of practice of each
anesthesiologist and his or her level of comfort dealing with
these cases.
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 Should All Antihypertensive
Agents Be Continued before
Surgery?

John G.T. Augoustides, MD, FASE
INTRODUCTION

Hypertension affects approximately 50 million individuals
in the United States and approximately 1 billion indivi-
duals worldwide.1 It is anticipated that this prevalence will
further increase as the population ages. The relationship
between sustained elevation in blood pressure and cardio-
vascular risk is continuous and independent of addi-
tional risk factors. The most recent classification of adult
blood pressure in the seventh report of the Joint National
Committee recognized this important relationship by
introducing the classification of prehypertension to signal
a patient cohort at increased future cardiovascular risk
who would benefit from early intervention (Table 9-1).1

This updated approach also classified hypertension
as either stage 1 or stage 2, depending on systolic or dia-
stolic pressure elevations (see Table 9-1). Furthermore,
there are multiple oral antihypertensive medications that
are used alone or in combination for pharmacologic con-
trol of hypertension (Tables 9-2 and 9-3). The cumulative
evidence from multiple clinical trials demonstrates that
successful ambulatory management of hypertension sig-
nificantly reduces cardiovascular mortality and morbidity
rates. From all of these considerations, it follows that
hypertensive patients managed on various medication
regimens will commonly undergo surgical procedures
and hence compose a common and important part of daily
anesthetic practice.

OPTIONS

Hypertensive patients undergoing surgery may or may
not require adjustment of their antihypertensive regimen
to optimize their perioperative management. The deci-
sion to continue or discontinue antihypertensive medica-
tion before surgery depends on a risk/benefit analysis
(Table 9-4). The possible perioperative risks associated
with the continuation or discontinuation of ambulatory
antihypertensive medication may be divided as follows:

1. The risk of inadequate control of hypertension with
possible increased perioperative cardiovascular risk,
if a particular agent is discontinued before surgery
2. The risk of a clinically important withdrawal syn-
drome or increased perioperative cardiovascular risk
if a particular agent is discontinued before surgery

3. The risk of an adverse perioperative cardiovascular
event such as hypotension, if a particular agent is
continued until surgery
EVIDENCE

What Is the Perioperative Risk
of Hypertension?

In the absence of concomitant cardiovascular disease
or hypertensive end-organ damage (e.g., left ventricular
hypertrophy, renal dysfunction), stage 1 hypertension
(systolic blood pressure less than 160 mm Hg or diastolic
blood pressure less than 100 mm Hg) does not increase
perioperative risk in noncardiac surgery. In a study of
4315 adults older than 50 years of age undergoing elective
major noncardiac surgery, hypertension was not an inde-
pendent predictor of postoperative cardiac complica-
tions.2 A meta-analysis of over 30 observational studies
found no clinically significant association between hyper-
tension and perioperative complications.3

However, the perioperative risk associated with hyper-
tension appears to be significant in cardiac surgery,
carotid procedures, and pheochromocytoma resection.
In 2417 patients undergoing coronary artery bypass graft-
ing with cardiopulmonary bypass, baseline preoperative
systolic hypertension (defined as a systolic blood pres-
sure greater than 140 mm Hg) was associated with a
highly significant 40% increase in adverse perioperative
outcomes, including mortality, stroke, left ventricular
dysfunction, and renal failure.4 In a review of 80 adults
undergoing off-pump coronary surgery, hypertension
independently predicted hospital mortality (p ¼ 0.0185)
and hospital readmission (p ¼ 0.045).5 With respect to
carotid procedures, perioperative hypertension was a sig-
nificant risk factor for neurologic deficit not only in carotid
endarterectomy but also in carotid stenting.6-8 Further-
more, in 128 adults undergoing carotid endarterectomy,
hypertension was a significant predictor of perioperative
49



Table 9-3 Classes of Combination Drugs
for Hypertension

l Angiotensin-converting enzyme inhibitors and calcium channel
blockers

l Angiotensin-converting enzyme inhibitors and diuretics

Table 9-1 Classification and Suggested Management of Blood Pressure in Adults

Blood Pressure
Classification

Systolic Blood
Pressure

Diastolic Blood
Pressure

Lifestyle
Modification

Drug
Therapy

Normal <120 mm Hg and <80 mm Hg Encourage None

Prehypertension 120-139 mm Hg or 80-89 mm Hg Yes None

Stage 1
hypertension

140-159 mm Hg or 90-99 mm Hg Yes Yes

Stage
2 hypertension

�160 mm Hg or �100 mm Hg Yes Yes

Adapted from Chobanian AV, Bakris GL, Black HR, et al: The seventh report of the Joint National Committee on prevention, detection, evaluation and treatment of
high blood pressure. JAMA 2003;289:2560-2572.
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myocardial ischemia (p < 0.05).
9

With respect to pheochro-
mocytoma, progressive reduction in perioperative mortal-
ity rate from 3.9% to 0% has been attributed to
contemporary perioperative control of hypertension.10-12

The presence of left ventricular hypertrophy (LVH)
adds significant additional perioperative cardiovascular
risk in noncardiac surgery. In the absence of aortic
Table 9-2 Oral Antihypertensive Agents

Antihypertensive Drug
Class Clinical Examples

Thiazide diuretics Chlorothiazide; indapamide;
metolazone

Loop diuretics Bumetanide; furosemide
Potassium-sparing diuretics Amiloride; triamterene
Aldosterone-receptor
blockers

Spironolactone; eplerenone

Beta-blockers Atenolol; bisoprolol;
metoprolol; nadolol;
propanolol; timolol

Beta-blockers with intrinsic
sympathomimetic activity

Acebutolol; penbutolol; pindolol

Combined alpha- and beta-
blockers

Carvedilol; labetalol

Angiotensin-converting
enzyme (ACE) inhibitors

Benzapril; captopril; enalapril;
fosinopril; quinapril; ramipril;
trandolapril

Angiotensin receptor
blockers

Candesartan; eprosartan;
irbesartan; losartan;
valsartan

Calcium channel blockers
(non-dihydropyridines)

Diltiazem; verapramil

Calcium channel blockers
(dihydropyridines)

Amlodipine; felodipine;
nicardipine; nifedipine;
nisoldipine

Alpha-blockers Phenoxybenzamine; doxazosin;
prazosin; terazosin

Centrally acting agents Clonidine; methyldopa;
reserpine

Direct vasodilators Hydralazine; minoxidil

Adapted from Chobanian AV, Bakris GL, Black HR, et al: The seventh report of
the Joint National Committee on prevention, detection, evaluation and
treatment of high blood pressure. JAMA 2003;289:2560-2572.

l Angiotensin receptor blockers and diuretics
l Beta-blockers and diuretics
l Centrally acting anithypertensives and diuretic
l Diuretic and diuretic

Table 9-4 Considerations for Deciding on
Continuing or Discontinuing
Antihypertensive Medications
before Surgery

l Is discontinuation of the antihypertensive agent associated with
a clinically significant withdrawal syndrome?

l Is discontinuation of the antihypertensive agent associated with
improved perioperative hemodynamics?

l Is discontinuation of the antihypertensive agent associated with
increased perioperative cardiovascular risk?
outflow obstruction or hypertrophic cardiomyopathy,
LVH typically is a result of systemic hypertension.
In a prospective observational study of 405 patients
undergoing major vascular surgery, LVH on preoperative
electrocardiogram significantly predicted myocardial
infarction and/or cardiac death (odds ratio [OR] 4.2;
p ¼ 0.001).13 In a study of 474 men with coronary artery
disease undergoing major noncardiac surgery, LVH signif-
icantly predicted perioperative myocardial ischemia.14

In the presence of severe baseline hypertension (systolic
blood pressure greater than 180 mm Hg or diastolic blood
pressure greater than 110 mmHg), the relationship to peri-
operative cardiovascular risk is less clear. A recent meta-
analysis demonstrated that these patients may be at more
risk but that there was no evidence that delaying surgery
reduces this risk.3 Despite the lack of evidence, expert opin-
ion recommends thatwhen possible, surgery be delayed for
medical control of baseline severe hyperetension.1,15,16
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Furthermore, “white coat hypertension” (acute blood
pressure elevation on the day of surgery due to anxiety)
also confers no additional perioperative cardiovascular
risk. This entity was the subject of a randomized con-
trolled trial of 989 surgical patients with well-controlled
baseline hypertension with diastolic blood pressures
greater than 110 mm Hg on the day of surgery, despite
anxiolysis with midazolam.17 Study patients were then
randomly assigned to surgery after intranasal nifedipine
or delayed surgery with further medical control of hyper-
tension. No outcome difference was detected between
groups. However, an important qualifier is that all patients
in this study had no previous myocardial infarction, unsta-
ble angina pectoris, renal failure, pregnancy-induced
hypertension, LVH, prior coronary revascularization, aor-
tic stenosis, preoperative arrhythmias, conduction defects,
or stroke.

In summary, perioperative cardiovascular risk due to
baseline hypertension alone is significant in the setting of
left ventricular hypertrophy, carotid procedures, cardiac
surgery, pheochromocytoma resection, and possibly when
persistently severe. Thus, for surgical patients without
these qualifiers, there is minimal additional cardiovascular
risk due to worsening hypertension from discontinuing
their antihypertensive medications before surgery. There-
fore, for most hypertensive patients, perioperative deci-
sions about their antihypertensive regimen are not based
on the intrinsic risk due to hypertension, but rather on
the considerations that follow.

Which Agents Decrease Risk If Continued
Perioperatively?

Beta-Blockers

Perioperative beta-blockade has been extensively reviewed
in a recent focused guideline by the American Council
of Cardiology (ACC) and the American Heart Association
(AHA).18 This guideline recommends that hypertensive
patients on beta-blockers should continue to receive beta-
blockade perioperatively (Class I recommendation, that
is, this recommendation should be followed because the
benefit far outweighs the risk). The evidence for this rec-
ommendation was ranked as level C, that is, the evidence
is limited to expert opinion and case reports, mainly about
beta-blocker withdrawal.

The beta-blocker withdrawal syndrome was first recog-
nized with propranolol, the first widely available beta-
blocker introduced into clinical practice in the 1970s.
In a case series, perioperative withdrawal of propranolol
was associated with significant myocardial ischemia.19

A recent prospective observational cohort study of 2588
adult outpatients found that the risk of myocardial infarc-
tion was further significantly increased by withdrawal of
cardioselective beta-blockade.20 Because it is already clear
that perioperative beta-blockade withdrawal is danger-
ous, this question is unlikely to be further studied in a
prospective trial.

Perioperative beta-blockade in certain at-risk popula-
tions is associated with significant reduction in cardiovas-
cular risk. The role of beta-blockade in perioperative
cardiovascular protection in patients with and without
hypertension is covered in the recent AHA/ACC
guidelines.18,21

Given their cardiovascular risk of withdrawal and their
perioperative cardiovascular benefit, existing beta-block-
ade in hypertensive surgical patients should be continued
up to the day of surgery, and throughout the periopera-
tive period. This is the current recommendation from the
American College of Physicians (ACP), as outlined in their
physicians’ information and education resource (www.
acponline.org, accessed February 24, 2008).

Alpha-2 Agonists (Clonidine)

Clonidine is a centrally acting alpha agonist. It is available
in oral, transdermal, and parenteral formulations. It is an
alpha agonist with an alpha-2 to alpha-1 selectivity ratio
of 39:1. Recent high-quality evidence has demonstrated
its significant perioperative cardiovascular benefit. In a
recent meta-analysis of 23 trials (total N ¼ 3395), perioper-
ative alpha-2 agonists reduced mortality rate (relative risk
0.76, 95% CI 0.63 to 0.91) and myocardial infarction (rela-
tive risk 0.66, 95% CI 0.46 to 0.94).22 A recent randomized
trial (N ¼ 190) showed that perioperative clonidine signif-
icantly reduced myocardial ischemia (from 31% to 14%;
p ¼ 0.01) and long-term mortality rate (relative risk 0.43;
95% CI ¼ 0.21 to 0.89).23 The recent AHA/ACC perioper-
ative care guideline has recommended alpha-2 agonists
for control of hypertension in surgical patients with
known or probable coronary artery disease (Class IIb rec-
ommendation, that is, benefit outweighs risk; level of evi-
dence B, that is, evidence from trials that have evaluated
limited populations).21 The perioperative cardiovascular
benefit of alpha-2 agonists is reviewed more comprehen-
sively in Chapter 35 of this textbook.

Perioperative discontinuation of alpha-2 agonists such
as clonidine is, however, dangerous in hypertensive
patients chronically exposed to this drug class. Periopera-
tive clonidine withdrawal is associated with severe delir-
ium, hypertension, and myocardial ischemia.24,25 In a
clinical review, expert opinion has recommended careful
supervision of perioperative clonidine therapy to avoid
the deleterious effects of its cessation.26 Given the risks
of withdrawal and the potential cardiovascular benefit,
existing therapy with alpha-2 agonists such as clonidine
in hypertensive surgical patients should be continued up
to the day of surgery and throughout the perioperative
period. This is the current ACP recommendation, as out-
lined in their physicians’ information and education
resource (www.acponline.org, accessed February 24, 2008).

Calcium Channel Blockers

Calcium channel blockers, including the dihydropyridines,
are widely used for the pharmacologic management of
hypertension.1,27,28 There are no described withdrawal
syndromes related to perioperative discontinuation of
calcium channel blockade. Furthermore, a recent meta-
analysis (11 studies: total N ¼ 1007) has demonstrated
that perioperative calcium channel blockade, especially
diltiazem, significantly reduced myocardial ischemia
(relative risk 0.49; 95% CI 0.30 to 0.80), supraventricular
tachycardia (relative risk 0.52; 95% CI 0.37 to 0.72), and

http://www.acponline.org
http://www.acponline.org
http://www.acponline.org
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mortality and major morbidity rates (relative risk 0.35; 95%
CI 0.15 to 0.86).28 Therefore, since there is net perioperative
outcome benefit, it follows that existing calcium channel
blockade in hypertensive surgical patients should be
continued throughout the perioperative period. This
is the current ACP recommendation, as outlined in their
physicians’ information and education resource (www.
acponline.org, accessed February 24, 2008).

Alpha-Blockers

Alpha-blockers are a mainstay of preoperative prepara-
tion of patients with pheochromocytoma and are credited
with improved perioperative survival in resection of
this tumor.10-12,29 Preoperative alpha-blockade, including
with the long-acting phenoxybenzamine, is titrated to con-
trol hypertension by peripheral catecholamine blockade.
Frequently, beta-blockade is added subsequently for
control of tachycardia and arrhythmia in the setting of
epinephrine-secreting tumors. It is recommended to con-
tinue the antihypertensive regimen up to and including
the day of surgical resection to minimize preoperative cat-
echolamine-related adverse events. This is the current
ACP recommendation, as outlined in their physicians’
information and education resource (www.acponline.org,
accessed February 24, 2008).

Regardless of the preoperative antihypertensive regi-
men, alpha-blockade and/or beta-blockade will persist
after tumor resection, depending on the half-life of the
agents chosen. Consequently, severe intraoperative hypo-
tension may ensue after tumor removal due to significantly
reduced catecholamine secretion, as well as residual alpha-
and beta-blockade. This severe hypotension may require
aggressive volume resuscitation and support of systemic
vascular resistance with vasopressin adminstration.30

Because this intraoperative hypotension is readily man-
aged, it is not an indication to recommend discontinuation
of preoperative alpha-blockade on the morning of surgery
for resection of pheochromocytoma. The resulting net peri-
operative benefit is the rationale for the ACP recommenda-
tion to continue aggressive catecholamine blockade up to
the morning of surgery.

Which Agents May Increase Risk If
Continued Perioperatively?

Angiotensin System Inhibitors

Pharmacologic blockade of the angiotensin system may be
associated with significant intraoperative hypotension,
whether due to angiotensin-converting enzyme (ACE)
inhibitors or angiotensin receptor blockers. This hypoten-
sive risk may be significantly reduced by preoperative
discontinuation of these agents. In a randomized trial of
51 vascular surgical patients, discontinuation of ACE inhi-
bitors 12 to 24 hours before anesthetic induction signifi-
cantly protected against hypotension (p < 0.05).31 In a
prospective case-controlled clinical trial of 72 vascular
surgical patients, preoperative angiotensin receptor block-
ade significantly increased hypotension (p < 0.05) and
vasopressor requirement (p < 0.001).32 A retrospective
study of 267 hypertensive patients on both types of angio-
tensin inhibition demonstrated that discontinuation of the
angiotensin blockade at least 10 hours before surgery was
significantly associated with a reduced risk of intraopera-
tive hypotension.33 Furthermore, recent randomized trials
have demonstrated that this intraoperative hypotension
due to angiotensin inhibition may be treated effectively
with ephedrine, norepinephrine, and/or vasopressin ana-
logues such as terlipressin.34,35 Therefore, based on this
cumulative evidence, the ACP recommendation is that
angiotensin blockade in hypertensive surgical patients be
discontinued on the morning of surgery, as outlined in
their physicians’ information and education resource
(www.acponline.org, accessed February 24, 2008).

Diuretics

Hypokalemia is common in hypertensive patients on
chronic diuretic therapy. In a randomized trial of 233
hypertensive adults managed with chronic diuretic ther-
apy, the prevalence of hypokalemia (defined as serum
potassium less than 3.5 mEq/L) was 25%.36 Perioperative
hypokalemia, especially in cardiac surgery, is associated
with an increased risk of arrhythmia. In a prospective
multicenter trial of 2402 cardiac surgical patients, a serum
potassium less than 3.5 mEq/L significantly predicted
serious arrhythmia (relative risk 2.2; 95% CI 1.2 to 4.0),
intraoperative arrhythmia (relative risk 2.0; 95% CI 1.0 to
3.6), and postoperative atrial flutter/fibrillation (relative
risk 1.7; 95% CI 1.0 to 2.7).37 Therefore, since chronic
diuretic therapy for hypertension perioperatively may
aggravate hypokalemia and risk of arrhythmia, it is rea-
sonable to discontinue this therapy perioperatively,
including the day of surgery. This is the current ACP rec-
ommendation, as outlined in their physicians’ information
and education resource (www.acponline.org, accessed
February 24, 2008).

AREAS OF UNCERTAINTY

The first area of uncertainty is whether intraoperative
hypotension associated with chronic ambulatory angio-
tensin blockade can be improved with modification of
the induction technique. In the referenced prospective
trials, the anesthetic induction technique (propofol and
narcotic) was highly vagotonic, confounding the observed
hypotension with the hypotensive effects due to brady-
cardia.31,32,38 Perhaps vagolysis with preinduction glyco-
pyrrolate would ameliorate hypotension associated with
propofol induction in the setting of angiotensin block-
ade.38,39 A recent trial documented a significant reduction
in hypotension associated with etomidate induction in
this setting.40 Furthermore, it remains to be determined
how variations in angiotensin genotype affect the perioper-
ative hypotensive response associated with angiotensin
blockade.41

The second area of uncertainty is about the perioperative
effects of the following antihypertensives: direct-acting
vasodilators such as hydralazine and centrally acting
vasodilators such as reserpine and methyldopa.42 These
antihypertensive drugs are less commonly used, and conse-
quently there is a paucity of published evidence about their
perioperative applications. There are no clear indications
to stop or continue these agents on the morning of surgery.

http://www.acponline.org
http://www.acponline.org
http://www.acponline.org
http://www.acponline.org
http://www.acponline.org


Table 9-5 Recommended Preoperative Management of Antihypertensive Medications

Antihypertensive Drug Class Recommendation for
Morning of Surgery

Sequelae with Discontinuation of
Perioperative Therapy

Sequelae with Continuation of
Perioperative Therapy

Beta-blockers Continue Withdrawal syndrome Cardiovascular risk reduction

Clonidine Continue Withdrawal syndrome Cardiovascular risk reduction

Calcium channel blockers Continue None described Cardiovascular risk reduction

Alpha-blockers in association
with pheochromocytoma

Continue Severe preoperative and
intraoperative systemic
hypertension

Systemic hypotension, especially after
tumor excision (readily treatable)

Angiotensin blockers (ACEI or
ARB)

Discontinue Significant reduction in risk of
intraoperative hypotension

Significant risk of intraoperative
hypotension

Diuretics Discontinue None described Possible aggravation of hypokalemia
with adverse outcome

ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers.
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In the author’s opinion, it is reasonable to stop or con-
tinue these agents before surgery, depending on clinical
circumstances.

In conclusion, recent evidence suggests that elevations
in pulse pressure rather than systolic and/or diastolic
hypertension may better predict perioperative risk such
as renal injury.43 Further perioperative studies are
required to delineate the total risk associated with pulse
pressure hypertension and the optimal interventions to
ameliorate this adverse outcome.
GUIDELINES

The current guidelines for perioperative management of
antihypertensive therapy are available from the American
College of Physicians, as outlined in their physicians’ infor-
mation and education resource (www.acponline.org,
accessed February 24, 2008). Furthermore, the AHA/ACC
guidelines referenced in this chapter complement the peri-
operative approaches outlined in the ACP guideline.18,21

Last, the overall guidelines for hypertension management
(both inpatient and outpatient) are specified in the latest
report from the Joint National Committee on prevention,
detection, evaluation, and treatment of high bloodpressure.1
AUTHOR’S RECOMMENDATIONS

The final recommendations are summarized by agent class in
Table 9-5. This chapter is in full agreement with all of the current
guidelines, including those from the ACP and the AHA/ACC.
Perioperative management of ambulatory antihypertensives must
account for the particular antihypertensive agents, the overall
risk/benefit profile, and current guidelines, and then adjust the
anesthetic plan accordingly.
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10
 Is There an Optimal Timing
for Smoking Cessation?

James Y. Findlay, MBChB, FRCA
INTRODUCTION

Cigarette smoking is the single most important avoidable
cause of death in the United States. The long-term effects
of cigarette smoking in causing cardiac disease, vascular dis-
ease, pulmonary disease, and a variety of cancers has been
recognized for many years now.1-4 The benefits of smoking
cessation in reducing future risks of these diseases com-
pared to those who continue to smoke are also well docu-
mented.5 Despite this body of knowledge and its wide
dissemination, approximately 25% of the adult population
continues to smoke.6 Thus the anesthesiologist is faced with
providing preoperative advice and perioperative care to
many current smokers. The questions that then arise are
whether the smoker is at increased risk for perioperative
complications andwhether cessation of smoking in the short
term before surgery influences these risks.

There are short-term effects of inhaling cigarette smoke
that could cause intraoperative complications. Nicotine
causes dose-related increases in heart rate and both systolic
and diastolic blood pressure,7 is a peripheral vasoconstric-
tor, and increases coronary artery resistance in diseased ves-
sels.8 Carbon monoxide (CO) inhaled in cigarette smoke
combines with hemoglobin to form carboxyhemoglobin
(COHb), and levels of COHb in smokers’ blood are reported
from 5% up to a peak of 20% depending on smoking prac-
tice.9 Smokers under anesthesia have been demonstrated
to have higher CO concentrations than nonsmokers.10

The high affinity of CO for hemoglobin interferes with
the oxygen-carrying capacity of Hb, as well as moving the
oxygen dissociation curve to the left,11 thus decreasing
overall oxygen content and oxygen availability to tissues.

The long-term effects of smoking on the cardiovascular
and respiratory systems could also be anticipated to cause
perioperative problems. Cigarette smoking is a leading
cause of atherosclerotic disease and a major risk factor for
coronary artery disease.12 It is also the leading cause of
chronic obstructive pulmonary disease.13 In addition, of
particular relevance to anesthesia, smokers have a signifi-
cantly greater upper airway sensitivity than nonsmokers.14

EVIDENCE

Relationship between Smoking and
Perioperative Complications

This section will provide an overview of the literature
linking smoking with perioperative complications. These
studies are almost exclusively observational in nature.
The literature pertaining to smoking cessation in the peri-
operative period is addressed in the subsequent section.
Smoking is an important contributor to perioperative
morbidity: Moller and colleagues15 reviewed the post-
operative complications and smoking histories of patients
undergoing arthroplasty and found that smokers had
significantly more cardiopulmonary and wound-related
complications and more intensive care unit (ICU) admis-
sions than nonsmokers; after multivariate analysis smoking
was the single most important risk factor.

Pulmonary Complications

An increased incidence of postoperative pulmonary
complications in smokers has been recognized since 1944
when Morton16 reported that in a prospective series of
1257 patients undergoing abdominal surgeries, the inci-
dence of pulmonary complications was approximately
60% in smokers versus 10% in nonsmokers. In the sub-
sequent years the finding of increased pulmonary complica-
tions in smokers has been replicated in numerous studies,
although the reported rates are lower. Smokers have
an increased rate of all pulmonary complications,17,18 an
increased rate of infective pulmonary complications,19,20

a higher rate of ICU admission after surgery,21 and a
higher rate of prolonged mechanical ventilation.22 The
mechanism behind these increased complication rates is
suggested by the multivariate analysis carried out byMitch-
ell and colleagues23 on 40 patients undergoing nonthoracic
procedures. They found that although smokers had a higher
rate of pulmonary complications, smoking per se was not an
independent predictor of these complications, but that spu-
tum production was.23 A similar finding was reported by
Dillworth and colleagues,19 who found that the risk of
postoperative chest infection in a prospective study of
127 patients undergoing abdominal surgery was markedly
higher at 83% if a smoker had evidence of chronic bronchitis
compared to 21% in its absence. Nonsmokers had a 7% rate
of chest infection.

Airway Complications

Schwilk and colleagues24 reviewed the occurrence of peri-
operative airway and respiratory events (reintubation,
laryngospasm, bronchospasm, hypoventilation) in 26,961
anesthetics. They found an incidence of 5.5% in smokers
compared to 3.1% in nonsmokers. Interestingly, the risk
for all such events was higher in smokers less than 35 years
of age and particularly in such patients with chronic
55
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bronchitis. Smoking was also identified as an independent
predictor of bronchospasm in an analysis of a randomized
trial of anesthetic agents involving 17,201 patients.25

Cardiovascular Complications

Choudhri and colleagues,26 in an analysis of a database of
19,224 patients who underwent coronary artery bypass
graft (CABG) surgery, identified smoking as an indepen-
dent predictor of stroke. Smoking was also identified
as an independent predictor of operative mortality in
patients undergoing internal mammary artery grafting.27

In patients undergoing abdominal aortic surgery smoking
was found to be an independent predictor of postoperative
complications, the most common being a deterioration in
renal function.28 In a prospective investigation of the
short-term effects of smoking, Woehlck and colleagues29

reported that patients under age 65 with no history of
ischemic heart disease undergoing noncardiac, nonvascular
surgery who smoked shortly before surgery had a higher
rate of ST-segment depression than those who did not;
however, postoperative outcomes were not reported.

Surgical Complications

Smoking has been identified as a significant risk factor
for a number of postoperative surgical complications.
In orthopedic surgery postoperative smoking has been
identified as increasing the nonunion rate after spinal
fusion30 and after ankle arthrodesis,31 increasing the need
for reoperation, as well as the infection rate after amputa-
tion,32 and increasing resource consumption after joint
replacement, despite the smokers being younger and with
less identified comorbidities than the nonsmokers.33

Anastomotic leaks after colorectal surgery are more com-
mon in smokers than nonsmokers,34 and smokers have
more complications after plastic surgery to the extent that
it has been suggested that plastic surgeons refuse to
operate on those who fail to abstain.35

Smoking Cessation and Perioperative
Complications

There are three published randomized controlled trials of
smoking cessation in the preoperative period. Six pertinent
observational studies are also discussed.

Observational Studies

In 1984 Warner and colleagues36 reported a retrospec-
tive analysis of 500 randomly selected patients who had
undergone CABG in 1 year. A history of smoking was
noted for 456 patients. The rates of perioperative respira-
tory complications (chest infection, sputum retention,
bronchospasm, pleural effusion, pneumothorax, and seg-
mental pulmonary collapse) were reported in relation to
the reported period of smoking cessation before surgery.
Those who continued to smoke up to the time of surgery
had a complication rate of 48%, whereas nonsmokers
had a rate of 11%. Smokers who reported stopping 8 weeks
or more before surgery had a complication rate of approxi-
mately 17%, not statistically different from that of nonsmo-
kers. Those who stopped smoking for less than 8 weeks
before surgery had complication rates not statistically dif-
ferent from those who continued to smoke. When
analyzed in 2-week blocks, the rate of complications
rose slightly for those who stopped up to 4 weeks before
surgery before falling toward that of nonsmokers.

A prospective study followed 200 consecutive patients
undergoing CABG of whom 150 were current smokers
or ex-smokers.37 The same respiratory complications as
in the previous study were sought and linked to the
reported time of smoking cessation before surgery. The
findings were similar to the previous study: respiratory
complications occurred in 33% of continuing smokers
and 11% of nonsmokers. Of those who had ceased smok-
ing, complications occurred in 57% of those who stopped
8 weeks or less before surgery but only in 15% of those
who stopped for more than 8 weeks. Those who had
stopped smoking for more than 6 months had a complica-
tion rate of 11%, similar to that of those who had never
smoked.

Brooks-Brunn38 reported on the development of a pre-
dictive model for postoperative pulmonary complications
following abdominal surgery using a prospective sam-
ple of 400 patients. Previously reported risk factors for
postoperative pulmonary complications were collected,
including length of smoking cessation before surgery.
A history of smoking in the 8 weeks before surgery was
one of six risk factors in the final model; this factor had
an adjusted odds ratio (OR) of 2.3.

A further prospective series reported postoperative
pulmonary complications in 410 patients undergoing non-
cardiac surgery.39 This group again reported that current
smokers had a higher complication rate (OR 5.5) than non-
smokers or past smokers (OR 2.9). A multivariate logistic
analysis was performed to control for other known risk
factors; this analysis resulted in a model including current
smoking (OR 4.2).

Nakagawa and colleagues40 reported similar findings in
a retrospective study of 288 patients undergoing thoracic
surgery, again focusing on pulmonary complications. The
incidence of complications was 24% in nonsmokers, 43%
in current smokers (here including those who smoked
within 2 weeks of surgery), 54% in those who stopped
smoking between 2 and 4 weeks preoperatively, and 35%
in those who stopped more than 4 weeks before surgery.
These differences persisted with the same ranking when
the results were corrected for possible confounding factors.
Four-week moving averages of the effect of smoking cessa-
tion were calculated; these showed that the rate of compli-
cations in smokers who stopped before surgery reached
approximate equivalence with that of nonsmokers at an
abstinence period around 8 weeks.

The influence of smoking cessation on wound compli-
cations was investigated by Kuri and colleagues41 in a
retrospective study of 188 patients who underwent recon-
structive head and neck surgery. They divided patients
into five groups based on preoperative smoking his-
tory—smokers (smoked within 7 days of surgery), late
quitters (abstinence 8 to 21 days presurgery), intermediate
quitters (abstinence 22 to 42 days presurgery), early quit-
ters (abstinence 43 days or longer), and nonsmokers.
Impaired wound healing was assessed by the need for
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subsequent surgical intervention. Impaired wound healing
was significantly less frequent in the intermediate quitters
(55%), early quitters (59%), and nonsmokers (47%) than in
the smokers (85%). After multivariate analysis to control
for other factors known to influence wound healing, inter-
mediate and early quitters and nonsmokers continued to
have a significantly lower risk of impaired healing than
smokers. Late quitters had a lower incidence of impaired
wound healing (68%) than smokers and a lower risk on
multivariate analysis, but these changes were not statisti-
cally significant. The authors’ conclusion was that 3 weeks
of abstinence is required to reduce wound complications,
but a moving average of impaired wound healing inci-
dence they present suggests that this begins declining with
1 week of abstinence.

Taken together these studies indicate that the timing of
smoking cessation in relation to surgery is of importance
to the risk of complications. For pulmonary complications
those patients who cease smoking before surgery can
reduce their risk for pulmonary complications close to
that of nonsmokers, but only if the period of abstinence
is approximately 8 weeks or more. Also, the risk of com-
plications appears not to fall from the time of cessation,
but after 4 weeks of cessation, the risk during the first
4 weeks appears to increase, although in no individual
study was this increase statistically significant. This effect
is reported for all types of surgery addressed. For wound
complications it seems that a shorter period of abstinence
is required. All of the studies can be criticized for being
observational in nature and also for relying on patient-
reported information. In none of the studies is it clear if
any advice to cease smoking was given to the patients
involved, or whether the changes in smoking behavior
observed reflected the patients’ own assessment of the
appropriate course of action, potentially resulting in a
self-selected patient group. The clinician is then left
asking whether general advice to stop smoking before
surgery would be effective and would result in fewer
complications.

Randomized Studies

Three randomized controlled trials have addressed these
issues. In an experimental study, Sorensen and collea-
gues42 compared wound healing in never-smokers and
smokers randomized to either continued smoking or absti-
nence (with nicotine patch or placebo). Sacral wounds
were made at 1, 4, 8, and 12 weeks after randomization.
Continued smokers had greater rates of infection than
abstinent smokers (and never-smokers) in wounds made
4 or more weeks after randomization. The use of a nicotine
patch did not affect outcome.

Two randomized clinical trial have addressed the effec-
tiveness of preoperative smoking intervention on postop-
erative outcomes. Moller and colleagues43 performed a
multicenter study in Denmark randomizing 120 smokers
scheduled for elective hip or knee arthroplasty 6 to
8 weeks preoperatively to either a standard care group
or to a smoking intervention group. Those in the smok-
ing intervention group were offered weekly meetings
with a nurse where they were strongly encouraged to stop
smoking. Nicotine replacement was provided along with
smoking cessation education. Postoperative complications
assessed included wound related (hematoma, infection),
respiratory insufficiency (requiring ventilatory support in
the intensive care unit), and cardiovascular insufficiency
(myocardial infarction or congestive heart failure). Results
were analyzed on an intention-to-treat basis. Thirty-six of
the intervention group stopped smoking, and 14 reduced
consumption. In the control group, only 4 patients stopped
smoking. Postoperative complications were significantly
less frequent in the intervention group (18% versus 52%),
with the largest effect for wound-related complications.
Cardiovascular complications were also more common
in the control group (10% versus 0%), but this was not
statistically significant. In a comparison of those who
reduced their consumption versus those who stopped
smoking, the reduction in complications was significant
only for those who stopped; those who reduced consump-
tion had the same complication rate as those who
continued smoking.

In a similar study, also conducted in Denmark, Sorensen
and Jorgensen44 investigated the influence of a preopera-
tive smoking intervention in patients undergoing colorec-
tal surgery. Sixty patients were randomized to 2 to
3 weeks of either continued smoking or a smoking inter-
vention program similar to that described previously. The
intervention was successful in decreasing preoperative
smoking (89% in the intervention group either quit or
decreased consumption versus 13% in the control group).
However, no difference in any postoperative complications
was found.

These studies provide a strong indication that smoking
intervention in the preoperative period is effective in
reducing tobacco consumption, although a caveat is that
in both studies approximately 25% of patients who were
invited to participate refused, which may influence the
generalizability of the findings.

The striking reduction in wound-related complications
in the Moller study43 and the tantalizing nonsignificant
decrease in cardiovascular complications are noteworthy,
although the lack of difference in pulmonary complica-
tions may seem surprising given the previous findings
in observational studies. This may be related to study
power; to definition, as mechanical ventilation was the
only pulmonary complication collected; or to the selection
of orthopedic surgeries in which pulmonary complica-
tions may be less frequent than in the surgeries reported
in previous observational studies. The lack of effect of
smoking cessation reported by Sorensen and Jorgensen44

merits comment. It seems to support the concept that
more than 3 weeks of abstinence is required to see
decreased complications; however, the numbers are quite
modest and patient details (such as comorbidities) scant,
so this issue is not conclusively resolved.

Whether patients undergoing surgery in less than
3 weeks should be advised to quit may seem controversial
given the current data on perioperative pulmonary com-
plications; however, it should be noted that no long-term
consequences have been identified, whereas the long-term
consequences of continued smoking are well established.
Given the chance of a “teachable moment” to advise
smoking cessation, the physician should take it.
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AREAS OF UNCERTAINTY

A number of issues require elucidation before definitive
answers to the questions surrounding perioperative smoking
cessation can be given.
l Does smoking in the immediate preoperative hours
lead to a demonstrable effect on clinically relevant
outcomes?

l Can the results reported by Moller and colleagues43 be
replicated in abdominal and thoracic surgeries?

l What is the minimum time period required for a formal
smoking intervention program to reduce postoperative
complications?

l Is the increase in postoperative pulmonary complica-
tions with cessation within 4 weeks of surgery seen in
observational studies real? If so, can appropriate inter-
ventions reduce this?
GUIDELINES

The Veterans’ Health Administration in the United States
has an evidence-based guideline advising the cessation
of smoking for 8 weeks before surgery in patients
with chronic obstructive pulmonary disease (COPD)
or asthma,45 based on the studies by Warner and
colleagues.36,37 The Australian and New Zealand College
of Anaesthetists statement on perioperative smoking con-
cludes that preoperative cessation for at least 6 to 8 weeks
is to be encouraged and smoking should not be permitted
12 hours before surgery.46 A cursory Internet search
reveals that many institutions have similar recommenda-
tions and many patient advice sites carry the same infor-
mation. With reference to wound infection, the Centers
for Disease Control and Prevention has recommended
smoking cessation for at least 30 days preoperatively.47
SUMMARY

Smoking is the most important avoidable cause of disease
in the United States. Smokers have a higher rate of periop-
erative complications than nonsmokers. Preoperative ces-
sation of smoking reduces postoperative complications;
the longer the time from cessation to surgery, the closer
the complication rate becomes to that of never-smokers.
Formalized preoperative smoking cessation programs
are successful. When presented with a current smoker,
physicians should recommend quitting.
MAIN POINTS

l Smokers have a higher postoperative complication rate
than nonsmokers.

l Preoperative smoking cessation decreases the post-
operative complication rate.

l The longer the preoperative cessation, the better.
l Formal preoperative smoking cessation programs are
successful.
AUTHOR’S RECOMMENDATIONS

In an ideal world, all smokers would be identified 8 weeks or
more before surgery and would give up entirely at that time.
But, for our flawed reality, I suggest the following:

l All smokers scheduled for surgery are strongly encouraged
to quit. Formal support to quit smoking, including nicotine
therapy, should be made available.

l No smoking on the day of surgery for anyone.
l All smokers who undergo surgery should be advised to quit
permanently.
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Should Patients with Asthma Be
Given Preoperative Medications
Including Steroids?

George Pyrgos, MD, and Robert H. Brown, MD, MPH
INTRODUCTION

Asthma is a syndrome characterized by reversible airflow
limitation that affects 5% to 9% of the population in the
United States. The diagnosis of asthma is based on clinical
evidence of recurrent symptoms such as wheezing, chest
tightness, cough, and shortness of breath, and with airway
hyperresponsiveness to various chemical, pharmacologic,
or physical stimuli, such as endotracheal intubation.
The diagnosis can be challenging because the clinical pic-
ture may be diverse and the possible pathophysiologic
mechanisms are numerous. Patients with asthma are
believed to be at increased risk for perioperative pulmo-
nary complications, which may lead to increased mor-
bidity. Perioperative pulmonary complications occur as
frequently as cardiac complications and can lead to a
prolonged hospital stay. Early studies reported overall
rates of postoperative complications of 24% in patients
with asthma compared with 14% in controls.1-3 As with all
anesthesia-related complications, the risks of pulmonary
complications have decreased over time.

The goal of preparing a patient with asthma for anes-
thesia and surgery is to maximize the patient’s pulmonary
function. The physician must consider the maintenance or
addition of antibronchospastic drugs such as sympatho-
mimetic agents, leukotriene antagonists, and steroids.
However, the role and benefit of preoperative medications
to limit perioperative pulmonary complications in the
asthmatic patient have not been determined.

PHARMACOLOGIC THERAPIES

Themedications used in the management of asthma include
sympathomimetic agents, leukotriene antagonists, steroids,
and, most recently, anti–immunoglobulin E (anti-IgE) ther-
apy. Other agents less commonly used include mucolytic
agents, mast cell stabilizers, and parasympatholytic agents.
There are no specific data with regard to these agents
and their role in decreasing the incidence of perioperative
pulmonary complications in the patient with asthma.

Sympathomimetic Compounds

There are no specific data that examine the use of periop-
erative treatment with beta-adrenergic agonists to reduce
the incidence of pulmonary complications in the patient
with asthma. It is common for patients with a history
of asthma or patients who have evidence of wheezing
preoperatively to receive beta-adrenergic therapy. Short-act-
ing beta-adrenergic agents are routinely used in asthma
exacerbations for quick relief of symptoms. Long-acting
beta-adrenergic agents are used concomitantly with anti-
inflammatory agents and have been shown in combination
with low- to medium-dose inhaled steroids to improve
lung function and reduce symptoms.4 Beta-adrenergic
agents cause smooth muscle relaxation by activation of
adenylate cyclase and an increase in cyclic adenosine mono-
phosphate (cAMP), which produce functional antagonism
of bronchoconstriction.4 Long-acting beta-adrenergic agents
also help reduce nocturnal symptoms. Generally, patients
should continue these agents at current dosages before
surgery.

Leukotriene Modifiers

Leukotriene modifiers are considered an alternative to
low-dose inhaled corticosteroids in patients with mild
persistent asthma. Zafirlukast and montelukast are leuko-
triene receptor antagonists that selectively compete with
LTD4 and LTE4 receptors. Zileuton is a 5-lipoxygenase
inhibitor. Several studies have shown that these agents
improve lung function while diminishing symptoms and
the need for short-acting beta-adrenergic agents.4 Most
of the studies to date have been conducted in mild-to-
moderate asthmatics with modest improvements noted.
Zafirlukast has been demonstrated to attenuate the late
response to allergen- and postallergen-induced bronchial
hyperresponsiveness.5 These classes of drugs are consid-
ered long-term control medications and have not been
used for acute exacerbations.

Anticholinergics

Anticholinergic agents such as ipratropium bromide are
used for relief of acute bronchospasm. These agents cause
bronchodilation through competitive inhibition of musca-
rinic cholinergic receptors and reduce vagal tone to the
airways. They may block reflex bronchoconstriction to
irritants or to reflux esophagitis and may decrease mucus
gland secretion. They are not effective against exercise-
induced bronchospasm and are the treatment of choice
for bronchospasm due to beta-blocker medication.
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Corticosteroids

Corticosteroids are commonly used in the management
of asthma. However, the significance and the role of corti-
costeroids in terms of reducing the incidence of periop-
erative pulmonary complications in the patient with
asthma remain to be determined. Inhaled corticosteroids
are the mainstay of treatment for persistent asthma. These
drugs block the late reaction to allergens, reduce airway
hyperresponsiveness, and inhibit cytokine production,
adhesion protein activation, and inflammatory cell migra-
tion and activation. They also reverse beta-2-receptor
downregulation and inhibit microvascular leakage.4,6

Systemic corticosteroids are used for prompt control of
moderate-to-severe exacerbations to prevent progression,
reverse inflammation, speed recovery, and reduce rate of
relapse.At highdoses, inhaled corticosteroidsmay have sys-
temic effects. Long-term systemic effects of corticosteroids
are associated with adrenal axis and growth suppression,
osteoporosis, dermal thinning, diabetes, hypertension,
Cushing’s syndrome, and impaired immune function.4
Anti-IgE Immunotherapy

The latest treatment for severe asthma is anti-IgE immu-
notherapy. Omalizumab is a recombinant humanized
IgG monoclonal anti-IgE antibody that binds to IgE, a
key molecule in the pathophysiology of allergic asthma.7

Omalizumab binds to free IgE, effectively removing
it from circulation, thus downregulating many of the
inflammatory pathways involved in the pathogenesis of
asthma. Although the role of omalizumab as a general
treatment for asthma has not been effectively defined, it
is generally reserved for patients with moderate persistent
to severe asthma.7 Although there are no data regarding
omalizumab and surgery, patients on this drug should
be considered to have moderate to severe disease and will
likely need a more comprehensive evaluation.

EVIDENCE

Preoperative Assessment of the
Patient with Asthma

Preoperative assessment of the patient with asthma
should include a preoperative history with a focus on
the patient’s pulmonary status to determine the level of
respiratory dysfunction and to assess the effectiveness of
current therapy. Laboratory evaluation may include spi-
rometry to assess the presence of airflow obstruction, the
degree of obstruction, and reversibility with bronchodila-
tors. Arterial blood gas measurement is helpful only if
subsequent respiratory dysfunction occurs, and is usually
normal at baseline. Oximetry may provide information
with regard to desaturation with exertion. Measurement
of inflammatory markers, such as exhaled nitric oxide,
is used for the evaluation of asthma, but their measure-
ment and interpretation require expertise and have not
yet been well defined.8 These markers are affected by
steroids and other drugs, making their routine use as a
preoperative test impractical. Routine chest x-rays are use-
ful in ruling out comorbidities, such as infections, in the
patient with asthma. In patients with mild intermittent
disease there is no significant benefit to obtaining pulmo-
nary function tests, arterial blood gases, oximetry, or chest
x-ray. However, patients with moderate to severe symp-
toms or who are taking multiple medications for their
asthma may require these evaluations to adequately
assess their pulmonary risk.

Assessment of patients’ asthma is important to establish
the severity of their disease and how well their asthma is
controlled. Recent guidelines define asthma severity in
a step-wise fashion depending not only on spirometric
measures but also the amount of treatment required to con-
trol symptoms. Asthma can be divided into four categories:
(1) mild intermittent disease, those patients who typically
use short-acting bronchodilators on an as-needed basis;
(2) mild persistent disease, those patients who require
a daily controller medication such as low-dose inhaled cor-
ticosteroid (ICS), leukotriene modifier, cromolyn, nedocro-
mil, or theophylline; (3) moderate persistent disease, those
patients who require a low- or medium-dose ICS with a
long-acting bronchodilator; and (4) those patients with
severe persistent disease who have established daily symp-
toms and typically are on multiple medications such as
high-dose ICSs, oral steroids, bronchodilators, or biologic
agents such as omalizumab (anti-IgE).4 Categorization by
disease severity should help to both stratify patients for
risk of pulmonary complications and alert the anesthesiol-
ogist to the use of preoperative therapy to decrease poten-
tial bronchoconstriction and to plan perioperative care to
decrease acute exacerbations.

Incidence of Pulmonary Complications
in Patients with Asthma

No randomized clinical trials have examined the base-
line prevalence of pulmonary complications in asthmatics
stratified by severity of disease. Most of the studies were
case series and retrospective in nature. Early studies
reported overall rates of postoperative complications of
24% in patients with asthma.1,3 More recent studies have
reported rates of perioperative pulmonary complications
for asthmatic patients of 1% to 2%.9,10

A retrospective study from the Mayo Clinic reviewed
a database of 706 patients with asthma who underwent
surgery and received either general anesthesia or regional
anesthesia. The authors found an incidence of broncho-
spasm and laryngospasm of 1.7%, with respiratory failure
occurring in one patient.10 There were no reported epi-
sodes of pneumonia, pneumothorax, or death. The charac-
teristics that were associated with complications included
the recent use of asthma drugs, recent asthma exacerba-
tion, and recent therapy in a medical facility for asthma.
Complications were more prevalent in patients who were
older at the time of diagnosis and at surgery. This study dif-
fered from earlier reports of increased complications of
bronchospasm and barotrauma in patients with asthma,
which reported an up to 24% complication rate.1,3 Although
the Mayo Clinic study had defined criteria for the diagnosis
of asthma, the severity of the asthmatic symptoms of the
subjects was not noted. The lower complication rate in these
patients compared with the earlier studies may have
been related to the strict definition used for asthma, thus
excluding patients with chronic obstructive pulmonary
disease (COPD). In addition, the trend toward safer
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anesthesia over the decades may account for the lower
incidence of complications in the Mayo Clinic study. In
addition, the database included all patients ever diag-
nosed with asthma rather than including only patients
with active disease.10,11 Whether preoperative medica-
tions were used was not noted, which may also affect
the incidence of complications.

Risk Stratification of Asthmatics
for Pulmonary Complications

There are no studies that provide baseline information
with regard to the incidence of perioperative pulmonary
complications stratified by severity of asthma symptoms.
Although the Mayo Clinic study indicated a low incidence
of perioperative pulmonary complications in patients
with asthma,10,11 it was not clear if this low incidence
holds true for patients with symptomatic or severe dis-
ease, those who would most likely benefit from preopera-
tive treatment. Moreover, of the four patients in the Mayo
Clinic study who had respiratory symptoms at the time of
surgery, two had complications.10,11 Thus, the incidence
of pulmonary complications in asthmatic patients by
level of disease severity is important to assess the effective-
ness of preoperative medications on potential pulmonary
complications. Furthermore, if specific high-risk character-
istics of patients with asthma can be identified, these may
be treatable and thus potentially reduce perioperative
pulmonary complications.

Use of Perioperative Medications for Asthma

It is common practice to continue currently prescribed
medications for asthmatic patients up to the time of surgery.
Furthermore, it is generally accepted practice to prophylac-
tically administer a short-acting beta-adrenergic agonist to
most asthmatic patients immediately before surgery and to
administer systemic corticosteroids to severely asthmatic
patients for a few days before surgery. However, it is impor-
tant in general to establish outcome measures for the use
of these various preoperative medications, and specifically
for corticosteroids, for the patient with asthma because the
use of these prophylactic treatment strategies has not been
adequately supported by scientific evidence.

One study by Kabalin and colleagues12 examined peri-
operative complications in asthmatic patients who were
treated with corticosteroids. Patients were treated with
systemic corticosteroids, prednisone 1 mg/kg 3 to 7 days
preoperatively, along with hydrocortisone 100 mg intrave-
nously (IV) every 8 hours perioperatively. The doses of
steroids were similar for both mild and moderate asth-
matics, with increased doses given to more severe asth-
matics. Eighty-six of the 89 patients had no postoperative
wheezing. Of the three patients who developed post-
operative wheezing, two of them were treated with ster-
oids preoperatively and the third patient was not a
known asthmatic and did not receive any preoperative
asthma treatment. This study found an incidence of post-
operative pulmonary complications, as defined mainly by
mild wheezing, of 4.5%. Two patients developed wound
infections; however, there were no statistically significant
differences between the incidence of infection among the
patients with asthma versus the historical incidence of
wound infection for all surgical procedures. None of the
outcome measures studied, including postoperative bron-
chospasm or pneumonia, were predicted by such variables
as age, sex, severity of illness, smoking status, type of
surgery, or pretreatment.

Another study performed at the same institution by
Pien and colleagues13 examined the prevalence of pul-
monary complications following preoperative and peri-
operative treatment with steroids in 68 patients with
asthma who underwent 92 surgical procedures. In the 92
procedures, a pretreatment regimen of 100 mg of hydro-
cortisone was given every 8 hours beginning the night
before surgery. In 41 of the 92 procedures, prednisone
was administered. The overall postoperative incidence of
pulmonary complications with pretreatment with steroids
was 9.7%. There were no deaths, wound infections, or evi-
dence of adrenal insufficiency in the group. Conclusions
for these studies are limited because of the lack of infor-
mation about the patients’ baseline pulmonary status,
concurrent medications (specifically steroid use), and the
use of historical controls.

Although both studies suggested a reduction in the
incidence of pulmonary complications in the asthmatic
patient treated preoperatively with corticosteroids, these
studies used historical controls, which had a high inci-
dence of complications,2,3 and which may not be valid9,10

because of the secular trend in the overall decrease in
complication rates for anesthesia and surgery over time.

A more recent study by Su and colleagues14 at North-
western University found an overall low incidence of
complications in 172 asthmatic patients who had 249 pro-
cedures treated with preoperative systemic steroids in
240 of the procedures. It was noted that 13 patients
(5.2%) developed postoperative bronchospasm. In addi-
tion, 9 patients (3.6%) developed postoperative infections,
4 (1.6%) of which were wound infections. Although draw-
ing conclusions from this study has limitations because of
the retrospective cohort design employed,14 it should be
noted that even when asthma patients are given systemic
steroids preoperatively, their risk of having perioperative
or postoperative bronchospasm was not zero.

Another dramatic change in the management of asth-
matic patients has been the increased use of inhaled
corticosteroids (ICSs) for disease maintenance. Unfortu-
nately, there are no data with regard to the use of ICSs
in asthmatic patients undergoing surgery or any compar-
isons with the use of systemic corticosteroids in terms of
the risks of pulmonary complications. Furthermore, there
are no data with regard to whether preoperative steroids
should be used on all asthmatic patients versus only
patients with currently active symptoms. Previous studies
showed low complication rates in terms of infection,
wound healing, and adrenal insufficiency, but these risks
must be weighed against the potential benefits of pretreat-
ing with corticosteroids. Marked adrenal suppression has
been described for doses of 0.75 mg/day of fluticasone
propionate.15 There was a greater potency for dose-related
adrenal suppression with fluticasone than with beclo-
methasone, triamcinolone, or budesonide. Long-term
high-dose ICSs have been noted to increase the risk of
cataracts, glaucoma, and osteoporosis. There were no
significant effects on final adult height based on growth
studies.15 As a general rule, any patient who has received
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an oral glucocorticoid in doses equivalent to at least
20 mg a day of prednisone for more than 5 days is at
risk for adrenal insufficiency,16 and a stress dose of
glucocorticosteroids should be considered.

AREAS OF UNCERTAINTY

The Salmeterol Multicenter Asthma Research Trial has
recently raised concern regarding the safety of long-acting
beta-adrenergic agonists in the treatment of asthma.17 In
this observational trial, the African-American patients
who received salmeterol, a long-acting bronchodilating
agent (LABA), had a higher rate of respiratory-related
death or life-threatening experiences. This led the Food
and Drug Administration (FDA) to change the label infor-
mation for all long-acting beta-adrenergic bronchodilators
(salmeterol and formoterol), which now carry a “black
box warning.” Although the cause of the increased mor-
tality rate is not clear, most experts agree that monother-
apy with an LABA is not appropriate for patients with
asthma. There has also been speculation regarding genetic
differences in asthma severity in the African-American
population of this trial.

Controversy regarding bronchodilators is not new in
the asthma literature. There was concern in the 1960s
regarding increased mortality rates in asthma with the
overuse of short-acting bronchodilators such as isopro-
terenol. More recently, there has been emerging evidence
that beta-2 adrenergic receptor polymorphisms may
affect the response to bronchodilators. There is concern
that the arg/arg polymorphism at position 16 of the
beta-adrenergic receptor may be associated with negative
outcomes with the use of short-acting bronchodilators.18

It is less clear if LABAs affect pulmonary function the
same way when used in combination with an inhaled cor-
ticosteroid. The consensus in the asthma literature at this
time appears to be that if an LABA is prescribed, this
should always be in combination with an inhaled
corticosteroid.4
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Figure 11-1. Algorithm for Perioperative Management of Patients with
GUIDELINES

The expert panel report on the guidelines for the diagno-
sis and management of asthma make some recommenda-
tions for patients with asthma undergoing surgery in an
effort to reduce complications during and after surgery.
They state the importance of a thorough preoperative
evaluation (review of symptoms, medication use, and
measurement of pulmonary function) and efforts to maxi-
mize the pulmonary function (forced expiratory volume
in 1 second [FEV1] or peak expiratory flow rate [PEFR])
of the patient before surgery. This may require a short
course of oral systemic corticosteroids.

If a patient has received oral systemic corticosteroids
during the past 6 months for more than 2 weeks and for
selected patients on a long-term high dose of an ICS, con-
sider the administration of 100 mg of hydrocortisone
every 8 hours intravenously during the surgical period
and reduce the dose rapidly within 24 hours after surgery.
ra
it
AUTHORS’ RECOMMENDATIONS

Patients with asthma should continue previous medications
before surgery. For the purposes of perioperative therapy, these
patients can be categorized by symptomatology and/or spirome-
try into four categories: (1) mild disease with either intermittent
or persistent symptoms, (2) moderate persistent disease, (3)
severe disease, and (4) active wheezing or shortness of breath
(Figure 11-1). Patients with controlled moderate persistent to
severe persistent disease may benefit from a short course (3 days)
of oral corticosteroids. Severe asthmatic patients who are currently
on chronic oral corticosteroids or who have recently been on a ste-
roid taper should receive a dose of corticosteroids perioperatively
to prevent development of adrenal insufficiency. Patients with dif-
ficult-to-control symptoms should receive increased doses of oral
corticosteroids and may need to postpone elective surgery until
symptoms can be effectively controlled. All patients should be
instructed to use their inhalers as previously prescribed on the
day of surgery.
tive management
h asthma
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 Which Patient Should Have a
Preoperative Cardiac Evaluation
(Stress Test)?

Amy L. Miller, MD, PhD, and Joshua A. Beckman, MD, MS
INTRODUCTION

Preoperative cardiovascular risk assessment attempts
to prospectively identify at-risk patients, allowing targeted
perioperative management in order to reduce event rates.1

Perioperative cardiac events include both “demand”
events, in which perioperative stress increases myocardial
oxygen requirements to a level that cannot be met due
to fixed obstructive coronary artery disease (CAD) or
low perfusion pressure,2,3 and true “acute coronary syn-
dromes” (ACSs) with occlusive plaque rupture,4-6 likely
due in part to perioperative inflammation/cytokine
response and an associated prothrombotic state.2 Epicar-
dial obstructive CAD sufficient to cause demand-related
biomarker release can be reliably identified by cardiac
stress testing and coronary angiography. Consequently,
preoperative cardiovascular assessment evolved from risk
factor identification to ischemia evaluation, using risk
factors to identify at-risk patients, and cardiovascular
stress testing (with or without angiography) to identify
hemodynamically significant CAD in those patients, who
could then be revascularized by percutaneous coronary
intervention or coronary artery bypass graft (CABG)
surgery.

Revolutionary changes in cardiovascular medical
management, particularly the advent of perioperative beta
blockade,7-12 together with advances in surgical and
anesthetic technique, have significantly reduced operative
morbidity and mortality rates, with event rates decreasing
from approximately 10% to 15% in intermediate-risk
patients three decades ago1 to approximately 5% in con-
temporary “at-risk” patients (i.e., with risk factors for or
known CAD) and approximately 1.5% in unselected non-
cardiac surgery patients.2 This reduction in risk likely
attenuates the benefit of preoperative revascularization.
In fact, although retrospective and observational data sup-
port the concept of risk reduction by preoperative revascu-
larization,13 a recent prospective randomized, controlled
trial found no risk reduction from revascularization in
patients with stable, symptomatic CAD.14 Consequently,
the role of preoperative cardiac stress testing has been
reduced to the identification of extremely high-risk patients,
for example, with significant left main (LM) disease, for
whom preoperative revascularization may provide benefit
independent of the operation.
Historically, preoperative cardiovascular risk assess-
ment has lacked widespread standardization or consen-
sus, despite published guidelines. Perceived goals have
varied, adherence to recommendations has been poor,15

and many assessments resulted in no formal recommen-
dations.16 Furthermore, differing opinions occurred in a
majority of cases, and opinions contradicted consensus
guidelines in a significant minority.17 With increasing
data to guide the evolution of consensus guidelines into
evidence-based guidelines, greater consensus and adher-
ence among practitioners will, it is hoped, follow.

OPTIONS/EVALUATION STRATEGIES

As we integrate new data into our standard practice, the
following key issues emerge:

1. Understanding risk factor implications as well as
absolute contraindications to elective/urgent surgical
procedures

2. Understanding treatment options independent of
revascularization that can significantly affect patient
outcome

3. Understanding the risks and benefits of revasculariza-
tion in the preoperative period

4. Appropriate testing—which patients to test and how to
test them

EVIDENCE FOR A ROLE OF PERIOPERATIVE
RISK STRATIFICATION AND RISK
MODIFICATION

Early studies of risk stratification focused primarily on
the identification of risk factors predictive of increased
event rates,18 enabling construction of risk indices to
prospectively quantify perioperative cardiovascular risk.19

Current guidelines focus on the Lee Revised Cardiac
Risk Index (RCRI; Table 12-1), which divides patients
into quartiles of predicted risk.20 The current American
College of Cardiology/American Heart Association (ACC/
AHA) guidelines for preoperative cardiac assessment also
define four “major” risk factors that preclude nonemergent
surgical procedures: active/recent unstable coronary syn-
drome, decompensated heart failure, significant arrhythmia,
and severe valvular disease.19
65



Table 12-1 Revised Cardiac Risk Index*

RCRI Class RCRI Score Cardiovascular Event Rate{

Class I 0 0.5 (0.2, 1.1)

Class II 1 1.3 (0.7, 2.1)

Class III 2 3.6 (2.1, 5.6)

Class IV >2 9.1 (5.5, 13.8)

*Revised Cardiac Risk Index (RCRI) = number of the following risk factors
present:

l High-risk surgery
l Ischemic heart disease
l History of cerebrovascular disease
l History of congestive heart failure
l Presence of insulin-requiring diabetes
l Preoperative serum creatinine exceeding 2.0 mg/dL
{Cardiovascular event rates from the derivation patient cohort.
Lee TH et al: Derivation and prospective validation of a simple index for

prediction of cardiac risk of major noncardiac surgery. Circulation 1999;
100(10):1043-1049.

.
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EVIDENCE THAT SPECIFIC HIGH-RISK
MARKERS DEMAND PREOPERATIVE
ASSESSMENT AND INTERVENTION

Acute Coronary Syndrome

An active unstable coronary syndrome is, until proven
otherwise, an ACS reflecting erosion or rupture of an ath-
erosclerotic plaque. Patients with an ACS are at increased
perioperative risk, and in such cases, surgery should be
delayed when possible. Retrospective electrocardiogram
analysis from the GUSTO-IIb (global use of strategies to open
occluded arteries in acute coronary syndromes) study
demonstrated that mortality rates rise for 20 to 30 days
following presentation, after which mortality rates stabi-
lize.21 As such, current guidelines identify 30 days as
the cutoff for a “recent” acute coronary syndrome19;
further delay in surgery would not be expected to alter
risk, in the absence of other confounding issues.

Decompensated Congestive Heart Failure

Although treatments for congestive heart failure have
advanced significantly in the past decade, mortality bene-
fits have been more prominent in patients with mild to
moderate disease than in those with advanced heart fail-
ure.22 Annual mortality rate in recent randomized trials
in Class III/IV heart failure ranges from 18.5% to 73%,23

whereas the Acute Decompensated Heart Failure National
Registry (ADHERE) of decompensated heart failure
admissions found an overall in-hospital mortality rate
of 4%, with subgroup mortality rates ranging from 2.1%
to 21.9%.24 These rates, which exceed the expected cardio-
vascular event rates for the vast majority of elective surgi-
cal procedures, would almost certainly increase
significantly with the hemodynamic and systemic stress
of surgery. Early multivariate risk factor analyses con-
firmed that decompensated heart failure was associated
with increased perioperative morbidity and mortality
risk.1 As such, decompensated congestive heart failure
must be treated before surgery.

Arrhythmia

In the perioperative context, “significant” arrhythmia
refers to hemodynamically significant rhythm distur-
bances. However, ventricular arrhythmias are of sufficient
threat that even hemodynamically tolerated sustained
ventricular arrhythmias should defer anything but emer-
gent surgery. There is no literature characterizing the level
of risk that can be ascribed to a preoperative sustained
ventricular arrhythmia; given the life-threatening nature
of such arrhythmias, to seek to obtain such data would
be unethical. In contrast, there is evidence that nonsus-
tained ventricular arrhythmias do not preclude surgical
procedures and do not increase perioperative cardio-
vascular risk.25,26

Uncontrolled atrial arrhythmias (i.e., with ventricular
response rates exceeding approximately 90 to 100 beats
per minute) place patients at increased risk for demand
ischemia. Accordingly, rate control should be established
before surgery. Although rate-controlled atrial arrhyth-
mias do not preclude surgery, they are associated with
an unmodifiable increase in perioperative risk, identifying
a sicker cohort of patients. For patients undergoing
CABG, preoperative atrial fibrillation (AF) increases
length of stay, rehospitalization rate, and long-term mor-
tality rate, but not operative mortality rate.27 Preoperative
AF is associated with increased perioperative cardiovas-
cular mortality rate (adjusted odds rate 4) in noncardiac
surgery,28 but this may reflect unidentified comorbidities
that increase both the prevalence of AF and cardiovascu-
lar risk, and/or inadequate perioperative rate control.

Finally, there is the ancillary issue of anticoagulation.
Rapid postoperative reinstatement of anticoagulation to
minimize thromboembolic risk places patients at an
increased risk of postoperative bleeding,29 and may
not provide significant benefit.30 Although patients with
AF are, in general, at relatively low short-term risk for
thromboembolic events, with age-dependent stroke rates
of 1% to 5% per year,31 the potentially devastating nature
of these events makes risk/benefit assessment challeng-
ing. Current ACC/AHA guidelines advise that it is rea-
sonable to interrupt anticoagulation for up to a week
without “bridge” intravenous therapy,32 but the available
evidence to support or contradict such practice is limited.

Valvular Disease

Valvular disease is the best studied of the four “major”
risk factors. In general, regurgitant lesions are not a con-
traindication to elective surgery, because such lesions are
relatively tolerant of perioperative fluid shifts and anes-
thetic induction. In contrast, symptomatic or severe ste-
notic lesions are sensitive to changes in both preload and
afterload, increasing the risk of perioperative hemody-
namic embarrassment.

Although the decreasing incidence of rheumatic heart
disease has made mitral valve stenosis a rare clinical
finding, aortic stenosis (AS) remains common. Some retro-
spective surgical series found no increase in perioperative
cardiovascular event rates in patients with significant AS,33
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but the majority of studies suggest that morbidity and
mortality rates are higher in these patients.34,35 A recent
retrospective case-control analysis supports this con-
tention, with stenosis severity predicting a sevenfold
increase in cardiovascular events.36 Taken together, the
available evidence supports the current standard of prac-
tice, in which clinically significant AS is addressed before
an elective surgical procedure.19

EVIDENCE FOR MODIFICATION OF
PERIOPERATIVE RISK—ROLE OF MEDICAL
TREATMENT

Much of our understanding of relative risk is derived
from the Coronary Artery Surgery Study (CASS) regis-
try,37 in which perioperative cardiovascular morbidity
and mortality rates varied as a function of surgical “risk,”
with the highest risk being associated with vascular sur-
geries.37 Based on this registry, we now subdivide surgical
procedures into three classes (high, intermediate, and low
risk).19 While much of this information is intuitive, data
from the CASS registry codified the stratification of
procedural risk. The higher event rates associated with
“high-risk” noncardiac surgery (i.e., vascular surgery)
have made these procedures the ideal setting in which to
explore perioperative risk reduction.

Evidence for Perioperative Beta-Blockade

The role of so-called “demand” perioperative ischemia2,3

suggests that hemodynamic stress contributes to cardiovas-
cular events. Periods of greatest risk include peri-induction
and the immediate postoperative period, presumably as
lightened sedation allows increasing sympathetic drive
and resultant tachycardia.3 Sympatholytic therapy with
beta-blockade should blunt this response, minimizing
myocardial demand.

The first large-scale study of perioperative beta-
blockade randomized patients undergoing intermediate-
to high-risk surgery to placebo versus atenolol (target
heart rate 65 beats per minute), reducing postoperative
mortality rate from 8% to 0% by 3 months after surgery.9

Three years later, the Dutch Echocardiographic Cardiac
Risk Evaluation Applying Stress Echocardiography study
group (DECREASE) randomized high-risk vascular sur-
gery patients with positive preoperative dobutamine
echocardiography to perioperative bisoprolol versus pla-
cebo, with a reduction in cardiac death rates from 17%
to 3.4% and nonfatal myocardial infarction (MI) rates
from 17% to 0%.10 Subsequent work by the same group
demonstrated that maximal beta-blockade dose and heart
rate control optimized perioperative protective benefit.38

The role, if any, of beta-blockade in low-risk patients
remains unclear. In a retrospective analysis of a multi-
center cohort (the Premier’s Perspective database) under-
going major noncardiac surgery, perioperative mortality
rate was lower with beta-blocker use in intermediate-
and high-risk patients but showed a trend toward
increased mortality rate in low-risk patients.7 These data
are difficult to interpret, because beta-blocker use in
these patients may serve as a marker for a negative peri-
operative event that led to, rather than resulted from,
beta-blockade. Although some studies have gone so far
as to suggest that beta-blockade is not beneficial even
in intermediate-risk patients,39-42 these results likely
reflect methodologic limitations, including underdosing
and inadequate duration of beta-blockade,40-42 as well
as dilution with low-risk procedures or patients.40,41

In contrast, the DECREASE-2 study randomized a rela-
tively homogenous population of 770 intermediate-risk
vascular surgery patients to preoperative stress testing
versus no testing; patients with significant stress-induced
ischemia could have preoperative revascularization at
the discretion of their care team.43 In this population, of
which 8.8% had extensive ischemia (35% of whom were
revascularized [50% partial, 50% complete] before vascu-
lar surgery), there were no significant differences in
death or MI rates. In contrast, heart rate control was sig-
nificantly correlated with morbidity and mortality rates,
with an event rate of 1.7% in patients with a heart rate
below 50 beats per minute versus 16.5% in patients with
a heart rate exceeding 65 beats per minute. These results
suggest that, if adequate beta-blockade can be achieved,
preoperative cardiac stress testing has no role in interme-
diate-risk patients.43 The weight of evidence supporting
perioperative beta-blocker therapy prompted a focused
update to the ACC/AHA perioperative guidelines,44

which advised perioperative beta-blockade in high-risk
patients (Class I recommendation for vascular surgery,
Class IIa for intermediate- to high-risk surgery), with
beta-blockade in low-risk patients receiving a Class IIb
recommendation. In the new 2007 guidelines, these recom-
mendations have been broadened to a Class IIA indication
encompassing all patients with at least one clinical risk
factor and/or with known CAD who are scheduled for
intermediate- or high-risk procedures.

Evidence for Other Perioperative Medical
Interventions

Invasive monitoring (e.g., pulmonary artery catheters
[PACs], arterial lines), cardiac telemetry, and an intensive
care unit (ICU) setting have all been proposed to decrease
perioperative morbidity. Although there are no rando-
mized controlled trial data examining their role in periop-
erative cardiovascular risk reduction, cardiac telemetry
and ICU admission are widely accepted as cost-effective
and beneficial in at least a subset of patients, particularly
high-risk patients, as well as those requiring invasive
monitoring or frequent titration of hemodynamically
active medications.45 In contrast, the perioperative role of
the PAC has decreased in recent years. Observational stud-
ies suggest that PAC use increases morbidity and mortality
rates.46,47 Although prospective studies of PACs in the
perioperative setting have a number of methodologic lim-
itations,48 the largest randomized controlled study sug-
gests that PACs have insufficient benefit.49 The PAC has
no role in current routine perioperative care, although we
cannot exclude the possibility that there does exist a spe-
cific subpopulation for which use of the device may be
beneficial.

A number of pharmacologic agents, including alpha
agonists, nitroglycerin, and diltiazem, have been studied,
with only limited evidence of perioperative benefit.13,50-52
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More recently, HMG CoA reductase inhibitors (“statins”),
drugs with recognized pleiotropic therapeutic effects on
the cardiovascular system,53 have been examined. Observa-
tional retrospective studies suggest that perioperative statin
use is protective,12,54 and there is a significant body of evi-
dence supporting statin use in vascular surgery patients.55

A likely target of future research is aspirin. Although
antiplatelet agents were traditionally discontinued perio-
peratively to minimize bleeding, observational trials
demonstrated decreased morbidity and mortality rates in
cardiac surgery patients who received perioperative aspi-
rin.56-58 Although this has not been studied in noncardiac
surgery, the need to continue antiplatelet therapy follow-
ing drug-eluting stent (DES) placement will likely man-
date systematic analysis of this issue in the near future.
In fact, a recent meta-analysis suggested that the risks of
antiplatelet-associated bleeding were less than the risks
associated with antiplatelet withdrawal following stent-
ing.59 Given the still evolving guidelines for antiplatelet
therapy after stenting, for any patient with a coronary
artery stent, a cardiologist should be consulted before
discontinuation of antiplatelet therapy for any procedure.
EVIDENCE FOR MODIFICATION OF
PERIOPERATIVE RISK—ROLE OF
PREOPERATIVE REVASCULARIZATION

Data defining the role of perioperative revascularization
can be temporally stratified by the means of revasculari-
zation (CABG, angioplasty, stent, and DES). The CASS
database provided the first retrospective evidence of
risk reduction with revascularization, with reduced
cardiovascular morbidity and mortality rates for at least
6 years following CABG.37 Importantly, these data pre-
date the use of the left internal mammary artery (LIMA)
conduit, which has greater longevity,60 suggesting that
protective effects could be more durable in the current era.

By the mid-1980s, percutaneous transluminal coronary
angioplasty (PTCA) was a viable alternative to CABG.
Retrospective review suggested that, compared to histori-
cal controls, PTCA reduced perioperative cardiovascular
morbidity and mortality rates,61,62 and prospective rando-
mized evaluation found that PTCA was as effective as
CABG in lowering perioperative risk.63,64

Percutaneous coronary intervention (PCI) employing
coronary stents to scaffold open lesions was examined in
the coronary-artery revascularization before elective major
vascular surgery (Coronary Artery Revascularization Pro-
phylaxis [CARP]) trial.14 CARP was the first prospective
randomized trial to study preoperative revascularization
in patients with stable obstructive CAD, enrolling patients
scheduled for elective major vascular surgery (abdominal
aortic aneurysm [AAA] repair or lower-extremity revas-
cularization) in whom angiography revealed significant
CAD amenable to revascularization. Significant (greater
than 50%) stenosis of the LM artery was an exclusion cri-
terion, as was a left ventricular ejection fraction (EF) less
than 20% or severe AS. The patients, a very high-risk pop-
ulation (67% with multivessel disease; RCRI score of 2 or
more in 49% and 3 or more in 13%), were randomized to
preoperative revascularization (PCI or CABG) or medical
management. There were no significant differences in
short-term (30 day MI rate approximately 13%) or long-
term (mortality rate at 2.7 years approximately 22%) mor-
bidity and mortality rates. These moderate rates, in such a
high-risk population, illustrate the significant improve-
ment in medical therapy and attendant reduction in
mortality rate since the CASS era.

Interestingly, revascularization-related delay in the
planned vascular procedure actually resulted in a trend
toward increased vascular-related mortality.14 This is par-
ticularly troubling in the context of PCI, particularly with
DES. With balloon angioplasty, retrospective analysis
found increased event rates for 2 weeks after intervention,
suggesting that surgery should be delayed for at least
2 weeks following angioplasty.65 Although a similar
period of increased risk was observed in retrospective
and observational analysis with bare-metal stents (BMS),
the recommendation with BMS was that surgery be
delayed for at least 4 weeks following PCI,66 although there
was some evidence that event rates could be increased for
at least 3 months after PCI.67,68 With the advent of DES,
the issue became complicated by longer obligate dual anti-
platelet therapy. Although initial guidelines recommended
dual antiplatelet therapy for 3 months for a CYPHER
(Johnson & Johnson sirolimus-coated) stent and 6 months
with a TAXUS (Boston Scientific paclitaxel-coated) stent,
current recommendations advise at least 1 year of dual
antiplatelet therapy following DES.69 Retrospective analy-
sis of perioperative event rates following BMS or DES
placement reveal no significant differences,70 but the pro-
longed antiplatelet regimen for DES is a significant issue
for surgeons. Importantly, discontinuation of antiplatelet
therapy is the strongest risk factor for cardiovascular
events after PCI,70 underscoring the necessity of cardiolo-
gist input before discontinuing antiplatelet therapy in a
patient who has had prior PCI.
ASSESSMENT OF ISCHEMIA—WHO
AND HOW TO TEST

Functional capacity is predictive of both perioperative and
long-term cardiac events,71 with increased morbidity and
mortality rates in patients with less than 4-MET capac-
ity.72 A simple marker for 4-MET capacity is the ability
to walk up two flights of stairs. Patients who can, by his-
tory or example, exert themselves to this level do not
require stress testing. Surgery can proceed with best
medical therapy.

In patients with unclear or poor functional capacity, car-
diac stress testing can provide relatively accurate identifica-
tion and quantification of ischemia, regardless of the
mechanism of stress (exercise, pharmacologic stress, or
vasodilation) and/or the metric of assessment (electro-
cardiogram, myocardial perfusion imaging, or echocardi-
ography). Sensitivity and specificity for the detection of
significant coronary artery disease are on the order of
70% to 88% across modalities.73 Modality selection should
be guided by local expertise and patient-specific factors,
with a preference for exercise over pharmacologic stress
whenever possible given the additional functional and
hemodynamic information that is obtained with exercise.71
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For perioperative patients, stress-induced reversible
perfusion defects have a positive predictive vale of 2% to
20% for perioperative death or MI; negative predictive
value is on the order of 99%.71 In general, prognostic
information is limited to that subset of patients with ele-
vated clinical risk, extensive ischemia, or both.74,75

Thus, although they have adequate sensitivity and speci-
ficity, all modalities have an unacceptably low positive
predictive value, and so require a very restrictive criterion
for the degree of ischemia that triggers further evaluation.
Positive predictive value is expected to further decline
with widespread implementation of perioperative beta-
blockade, which should further reduce perioperative
event rates.

The overarching emphasis of the ACC/AHA guidelines
is that preoperative ischemia evaluation is no different
than in other elective settings.19 The fact that a patient is
scheduled for surgery, regardless of the degree of surgical
risk, does not affect the patient’s relative need for assess-
ment and possible revascularization. The recent Clinical
Outcomes Utilizing Revascularization and Aggressive
Drug Evaluation (COURAGE) trial demonstrated that, for
stable CAD, event rates do not differ with the addition
of PCI to best medical therapy.76 This is underscored
by the aforementioned results of the CARP trial,14 which
demonstrated that even in patients with clinically stable
multivessel disease undergoing high-risk surgery, revascu-
larization has no perioperative mortality benefit.

Taken together, the available evidence suggests that
cardiac catheterization is best employed for two purposes:
(1) to exclude life-threatening/critical coronary artery
disease (e.g., critical LM disease), and (2) relief of refrac-
tory symptoms. The former indication is more challeng-
ing, as it is difficult to know how broad a net to cast
in order to identify those rare patients with critical dis-
ease. This was partially addressed by the aforementioned
DECREASE-2 study, which demonstrated that with ade-
quate beta-blockade, there was no interval benefit from
stress testing with or without revascularization in inter-
mediate-risk vascular surgery patients.43 These results
suggest that preoperative cardiac testing has no role in
intermediate-risk patients (RCRI 1-2) for whom adequate
perioperative beta-blockade can be provided.43
CONTROVERSIES

The role of elective/nonurgent percutaneous revasculari-
zation remains a matter of some controversy. As noted
previously, COURAGE found no mortality benefit to
PCI,76 and has led to debates regarding the benefit(s) of
PCI. Most cardiologists believe that the symptom relief
provided by PCI warrants its use in patients with symp-
toms refractory to best medical therapy. As such, PCI
will remain prominent in ischemia management, bring-
ing with it an increase in the difficulty of perioperative
care.

Stent selection (BMS versus DES), one of the hottest
controversies in cardiovascular medicine, has significant
perioperative implications. When the first-generation
DES were approved by the Food and Drug Administra-
tion (FDA) over 3 years ago, their use rapidly supplanted
that of BMS,77 including off-label use, which, by 2007,
made up over half the DES recipient population.69

With the release of BASKET-LATE (Basel Stent Kosten-
Effektivitäts Late Thrombotic Events Trial) and sub-
sequent trials,78,79 however, it became clear that the
current DES platform has intrinsic weaknesses, with the
in-stent restenosis reduction counterbalanced in part by
a small increase in (potentially fatal) late in-stent thrombo-
sis. Overall, on-label use of DES does provide superior
outcomes to BMS.80,81 However, given the antiplatelet
considerations, BMS are preferred for patients with antici-
pated surgical procedures. Unfortunately, it is easy to see
how one’s ability to peer into the future may not stretch
out to the limits of patients’ 1-year required clopidogrel
therapy with DES. Consequently, arguments regarding
the safety of perioperative antiplatelet therapy will almost
certainly continue. It is essential that both prospective ran-
domized trials and registry data examine this issue, par-
ticularly in patients with prior coronary artery stents, in
order to provide an evidence base on which consensus
can be reached.
AREAS OF UNCERTAINTY

The evidence base for cardiovascular risk assessment has
developed through the increasing willingness of investi-
gators to randomize patients with an increasing burden
of disease. Patients with a significantly reduced EF or
LM disease are the two populations perceived to be too
high risk for randomization; revascularization in these
patients was presumed to be beneficial. Until the CARP
trial, however, many investigators would have argued
that revascularization of stable multivessel disease was
beneficial. The recent DECREASE-V pilot study may her-
ald the next generation of preoperative studies. In it, the
previously excluded populations of LM disease and low
EF were included in randomization of vascular surgery
patients to preoperative revascularization or standard
medical management.82 Of note, 8% of randomized
patients had LM disease, and 67% had three-vessel dis-
ease. Not surprisingly, given the high-risk characteristics
of this population, event rates were high, with 30-day
mortality rates of approximately 5% to 10%, and 30-day
MI rates of approximately 16%. Revascularization had no
statistically significant effect.

DECREASE-V raises more questions than it answers,
and will almost certainly lead to a new generation of stud-
ies in extremely high-risk patients. If preoperative revas-
cularization in patients with LM or critical three-vessel
disease proves ineffective at reducing cardiovascular risk,
the role of preoperative stress testing will need to be
redefined, if not eliminated.

As the field moves from revascularization toward con-
servative medical therapy, noninvasive imaging strategies
will offer an attractive alternative to the historical stress
test/catheterization approach. In particular, computed
tomography (CT) can noninvasively evaluate for CAD.
For technical reasons, at present, CT can exclude signifi-
cant obstructive disease, but cannot accurately quantify
the degree of disease when present,83 making it inade-
quate for preoperative ischemia evaluation, in which the



70 Section II PREOPERATIVE PREPARATION
issue is the exclusion of critical disease. Future technical
developments will allow CT coronary angiography to pro-
vide more physiologically relevant information, which
may in turn allow these studies to serve an expanded role
in preoperative ischemia evaluation.
GUIDELINES

The ACC/AHA has released new perioperative risk assess-
ment and management guidelines for patients at risk for
CAD.71 These evidence-based guidelines, which reflect the
state of our current knowledge base, reserve preoperative
cardiac stress testing for patients who meet the following
criteria (Figure 12-1):

1. The patient has poor or unknown functional capacity.
l Adequate functional capacity is a good prognostic
indicator. For patients who are able to achieve 4
METS (the equivalent of walking up two flights of
stairs), revascularization is unlikely to affect their risk
of cardiovascular events.

2. The patient is being considered for a nonemergent sur-
gical procedure of at least intermediate risk.
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The new ACC/AHA guidelines have also broadened the
perioperative beta-blockade recommendations.71 Although
the Class I indication remains unchanged (patients with
a nonsurgical beta-blocker indication and high-risk
patients scheduled for vascular surgery), the Class IIA
indication has been expanded to all patients with at least
one clinical risk factor and/or with known CAD who
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 Should Patients with Stable
Coronary Artery Disease
Undergo Prophylactic
Revascularization before
Noncardiac Surgery?
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INTRODUCTION

The preoperative assessment of a patient in need of elec-
tive noncardiac surgery is often a difficult task. There
has been enormous controversy regarding the appropriate
strategy to diagnose and manage coronary artery disease
before elective noncardiac surgery because of the paucity
of clinical trial data. Overall, elective surgical procedures
in a population of general medical patients are associated
with a very low risk of perioperative cardiac complica-
tions with an incidence of either myocardial infarction
or death of less than 1%.1,2 Although the risk increases
with the age of the patient, the low risk of perioperative
complications does not justify widespread cardiac testing
among all groups of surgical patients.

Among patients undergoing vascular surgery, however,
the perioperative risk of cardiac complications is high.
Although the reasons relate, in part, to the hemodynamic
stresses associated with aortic procedures, the prevalence
of atherosclerotic heart disease in patients undergoing
vascular surgery exceeds 50%,3 and therefore may require
special attention in the preoperative period. Coronary
artery disease remains the major cause of death following
any vascular operation,4 and therefore consideration for
preoperative coronary artery revascularization has been
a justifiable endeavor.
OPTIONS

As outlined by the American College of Cardiology/
AmericanHeartAssociation (ACC/AHA)Task Force recom-
mendations before noncardiac operations,5 the approach
to assessing the potential cardiac risk associated with
any patient scheduled for an elective noncardiac operation
includes the nature of the operation, the risk of associated
coronary artery disease, and the functional capacity of
the patient (Figure 13-1). Determining the probability that
a patient has severe obstructive coronary artery disease is
one key ingredient of the preoperative risk assessment
and should be based initially on the clinical history cou-
pled with the nature of the operation. This entails the
understanding that patients with vascular and orthopedic
operations have the highest risk of postoperative cardiac
complications compared with other noncardiac opera-
tions.6-9 Specifically, individuals in need of a vascular
operation involving an abdominal approach for either an
expanding abdominal aortic aneurysm or advanced clau-
dication have the highest risk.2 Although urgent and
emergent vascular operations occur in at least 20% of
screened patients undergoing vascular operations,10 these
individuals are rarely considered candidates for preopera-
tive coronary angiography and their preoperative risk
management will not be addressed. The initial evaluation
requires an assessment of a prior history of cardiac pro-
blems or risk factors along with either classical angina or
unusual symptoms such as shortness of breath or
atypical chest pains. Attention should be given to clinical
risk variables2,11 and include age greater than 70 years,
angina, history of congestive heart failure, prior myocar-
dial infarction, prior stroke or transient ischemic attack
(TIA), history of ventricular arrhythmias, diabetes melli-
tus (particularly insulin dependent), and abnormal renal
function (creatinine greater than 2.0 mg/dL). The physical
examination also provides insight into high-risk vari-
ables,5,10 including a chronic debilitated state, increased
jugular venous distention, edema, S3 gallop, and signifi-
cant aortic stenosis, and the 12-lead electrocardiogram
(ECG) provides prognostic information related to the pres-
ence of abnormal Q-waves or heart rhythms. Although
selected clinical variables do predict perioperative cardiac
morbidity and mortality risk, the optimal risk stratification
tool for prediction of all complications in the postoperative
period is controversial.9 The final approach, therefore, is to
determine whether, despite the absence of unstable clinical
variables, there is sufficient concern to justify provocative
stress testing preoperatively. Assessing the functional
capacity of patients undergoing elective operations is an
73
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important ingredient to determining whether a patient
can withstand the rigors of a prolonged operation. In those
patients who are unable to achieve a 4-MET demand, a
level compatible with routine daily activities, there is
increased risk of postoperative events and additional test-
ing may be warranted.12 Among patients with sufficient
exercise capacity and an interpretable ECG, stress test-
ing with an ECG alone may be a cost-effective means
of risk-stratifying low-risk patients who do not need addi-
tional cardiac workup.13,14 Among those patients who can-
not exercise or who have baseline ECG abnormalities,
stress imaging tests have been recommended as the
standard alternative for the preoperative detection of
multivessel coronary artery disease.6 The presence of mul-
tiple ischemic segments indicative of either multivessel
coronary artery disease or left main disease is considered
high risk and is associated with an increased risk of peri-
operative cardiac complications and reduced long-term
survival.15,16 Ultimately, a combined approach of using
clinical variables associated with stress imaging tests is
most cost-effective.17 The role of adjuvant pharmacologic
therapies cannot be overemphasized18 and will be
addressed in other chapters.

EVIDENCE

Role of Coronary Revascularization

Severe coronary artery disease is common among patients
undergoing vascular surgery3 and is a major determi-
nant of long-term survival following vascular surgery.4

Thus the role of coronary revascularization in the preoper-
ative management of patients with stable coronary artery
disease has been one of the most debated issues in the
field of perioperative medicine. As part of the Coronary
Artery Revascularization Prophylaxis (CARP) trial, we
have learned from the registry and randomized cohorts
undergoing preoperative coronary angiography that
the extent and severity of coronary artery disease is an
identifier of long-term survival following vascular surgery
(Figure 13-2).19 This observation, coupled with outcome
data from the CASS trial that suggested better outcomes
in patients with vascular disease who underwent coro-
nary artery bypass surgery,20 would support a plausible
hypothesis that widespread identification and treatment
of coronary artery disease should be an essential part of
preoperative management. The paucity of prospective
randomized data, however, made it difficult for physi-
cians to reach a consensus on the optimal strategy of those
patients with coronary artery disease who are sched-
uled for elective noncardiac surgery. A survey conducted
before the publication of the CARP trial showed that
recommendations for preoperative revascularization
deviated from the guidelines 40% of the time and the
chance of widely disparate opinions among the participat-
ing cardiologists was 26%.21 Clearly, a large-scale trial was
needed to test the long-term benefit of preoperative coro-
nary artery revascularization before major noncardiac
operations.

The CARP trial was the first randomized, multicenter
study designed to assess the role of prophylactic revas-
cularization in patients with coronary artery disease
undergoing elective vascular operations.10 Over a 4-year
period involving 18 university-affiliated Veterans Affairs
medical centers, 510 (9%) of 5859 screened patients were
enrolled and randomized to a preoperative strategy of
either coronary artery revascularization or no revasculari-
zation before elective vascular surgery. The surgical indi-
cations were an abdominal aortic aneurysm in 169 (33%)
or symptoms of lower-extremity arterial occlusive disease
including severe claudication in 189 (37%) and rest pain
in 152 (30%). Among the patients randomized to a strat-
egy of preoperative coronary artery revascularization,
percutaneous coronary intervention was performed in
141 (59%) and bypass surgery was performed in 99 (41%).
The results of the study showed that procedural-related
deaths associated with the coronary artery revasculariza-
tion procedure occurred in only 1.7% of the patients, with
no complications related to cerebrovascular events, loss of
limb, or dialysis. The median time (interquartiles) from
randomization to vascular surgery was 54 (28, 80) days
in the coronary revascularization group, however, and 18
(7, 42) days in the no revascularization group (p <0.001).
Within 30 days following vascular surgery, the mortality
rate was 3.1% in the coronary revascularization group
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and 3.4% in the no revascularization group (p ¼ 0.87).
A myocardial infarction, defined by any elevation in tropo-
nins following vascular surgery, occurred in 11.6% of
the revascularization group and 14.3% of the no revascu-
larization group (p ¼ 0.37). At a median time of 2.7 years
following randomization, the mortality rate in the revascu-
larization group was 22% and in the no revascularization
group was 23% (p ¼ 0.92; with relative risk of 0.98, and a
95% confidence interval of 0.70 to 1.37). The conclusions
from the CARP study are that among patients undergoing
elective vascular surgery, a strategy of preoperative coro-
nary artery revascularization before elective vascular
surgery does not improve outcome but rather may delay
or even prevent the needed vascular procedure. Based on
these data, coronary artery revascularization before elec-
tive vascular surgery among patients with stable ischemic
heart disease is not supported.10 Since the CARP trial was
published, two other studies have reported outcomes
in patients with coronary artery disease undergoing
noncardiac surgery22,23 (Table 13-1).

Landesberg and colleagues24 have accumulated enor-
mous experience over the past decade and have shown
that preoperative stress imaging tests with thallium can
identify patients with a worse postoperative outcome.
They have also shown the utility of a clinical scoring sys-
tem that, in conjunction with a high-risk preoperative
thallium test, suggests improved outcomes with preopera-
tive coronary artery revascularization.23 The authors have
implicated that the CARP results are not generalizable,
because the trial was underpowered for high-risk coro-
nary anatomy due to the low prevalence of patients with
triple-vessel coronary artery disease and the exclusion
of unprotected left main stenoses from randomization.23

To address this potential limitation, however, Polder-
mans and colleagues22 tested the benefit of a strategy of
preoperative coronary artery revascularization in patients
with high-risk stress imaging test results who were
scheduled for vascular surgery. Their preliminary results
showed a borderline unfavorable outcome with revascu-
larization 1 year following vascular surgery (mortality rate
at 1 year; revascularization 26.5%, no revascularization
23.1%; p ¼ 0.58).
Table 13-1 Clinical Studies Assessing the Role of Co
Vascular Surgery

CARP Trial

Study design Multicenter, prospect

Treatment allocation Randomized

Endpoint Mortality rate at 2.7

Treatment effect No benefit

Total patients screened 5859

Total patients randomized 510

Patients with three-vessel or left main disease 93

Mortality rate: no revascularization group 23%

Mortality rate: revascularization group 22%
So how should a clinician integrate the findings from
these three studies into a unified approach in the preoper-
ative period? Although the findings from Landesberg
and colleagues24 are informative for prognosis, the poten-
tial selection bias that favors any decision to undergo
coronary artery revascularization in some patients is an
important limitation on predicting late outcomes on retro-
spective analyses. Although the final study results of the
DECREASE-V pilot study are unknown, together with
the CARP trial results, they do not support an aggressive
strategy in the vast majority of patients with stable car-
diac symptoms. One important exception to this general
rule is worth mentioning. Patients with left main coronary
artery disease were excluded from the randomization pro-
cess in CARP, but their management and outcomes fol-
lowing vascular surgery were captured in the CARP
registry.19 This subset of patients consisted of 48 of 1048
patients undergoing preoperative coronary angiography
before their intended vascular surgery (4.6%). Although
their long-term survival appears to be improved with pre-
operative coronary artery revascularization (survival at
2.5 years for surgically and medically treated left main
disease was 84% and 52%, respectively; p <0.01), it is
uncertain that the prevalence of such a small cohort before
vascular surgery warrants widespread screening with
expensive stress imaging tests.
AREAS OF UNCERTAINTY

To improve the outcome of high-risk patients undergoing
elective operations, we must shift the paradigm from
widespread identification and treatment of coronary
artery disease in the preoperative phase to a more com-
prehensive identification and modification of risk factors
in the postoperative phase. Among patients undergoing
noncardiac operations, postoperative myocardial infarc-
tions occur primarily in those individuals with a prior his-
tory of coronary artery disease,25 and the highest risk is
related to surgery for an expanding abdominal aortic
aneurysm.2 Serial troponin assays have become the stan-
dard means of surveillance in the postoperative period
ronary Revascularization before Major

DECREASE-V Pilot Landesberg Study

ive Multicenter, prospective Single center, retrospective

Randomized Nonrandomized

years Mortality rate at 1 year Mortality rate at 3 years

No benefit, possible harm Benefit in intermediate risk

1880 624

101 N/A

37 73

23.1% 21.8%

26.5% 14.6%



76 Section II PREOPERATIVE PREPARATION
because only a minority of patients with a documented
myocardial infarction will have symptoms,26,27 The cost-
effectiveness of widespread measurements of biochemical
markers following noncardiac surgery is unclear, but poten-
tially provides a beneficial effect in targeting those indivi-
duals with advanced coronary artery disease in need of
revascularization. The incidence of perioperative myocar-
dial infarctions among individuals undergoing a vascular
operation approaches 20% and can be predicted by abnorm-
alities on preoperative stress imaging with thallium.27

Among those individuals with a perioperative myocardial
infarction, the mortality rate is increased nearly fourfold
during a 6-month postoperative follow-up period28,29 and
may predict long-term mortality rate, though this is not
certain beyond the first postoperative year.30 Among those
patients undergoing their intended vascular operation
within the CARP trial, a perioperative elevation of tropo-
nin I above the 99th percentile of normal was most com-
mon in patients undergoing abdominal aortic cross-clamp
procedures and was associated with a worse long-term
outcome.31 The causative factors that relate to a new myo-
cardial infarction in the postoperative phase are not neces-
sarily related to a severe stenosis within a coronary artery
that has not been revascularized. Instead, postoperative
ischemic myocardium can be a result of coronary arteries
that have been completely occluded with insufficient collat-
eral flow or a new unstable coronary artery lesion.31 Alter-
natively, the perioperative phase can be associated with
increased myocardial supply-demand mismatch, leading
to subendocardial hypoperfusion without any change in
the severity of the coronary artery stenoses.32 Based on
pathologic analysis from patients who have died of a peri-
operative myocardial infarction, advanced coronary artery
disease is present in the majority of patients, with only
a minority of individuals showing intracoronary artery
thrombus.33,34 Clearly, more studies are needed to under-
stand the biology of acute coronary artery syndromes fol-
lowing noncardiac surgery, as well as determining the
optimal timing of revascularization, if that is deemed neces-
sary. Following the operations, it is imperative that thera-
pies directed at secondary prevention be vigorously
administered in suitable patients and include antiplatelet
agents, statins, beta-blockers, and possibly angiotensin-con-
verting enzyme (ACE) inhibitors. Within the CARP study,
the vast majority of patients in both treatment arms were
using these medications 2 years following randomization,
and this may have contributed to an improved outcome in
patients not undergoing an initial strategy of coronary
artery revascularization.9 Other than ischemic heart disease,
patients with other modifiable risk characteristics, includ-
ing congestive heart failure, ventricular arrhythmias,35 and
diabetes, need to be targeted in the postoperative period.
Among the nonrandomized patients in the registry of the
CARP study, these clinical variables were independent clin-
ical variables that predicted long-term mortality rate.36
GUIDELINES

Guidelinespublishedby theAmericanCollegeofCardiology/
American Heart Association (ACC/AHA) on perioperative
cardiovascular evaluation and care define recommendations
as follows.
Recommendations for Preoperative Coronary
Revascularization with Coronary Artery Bypass
Grafting or Percutaneous Coronary
Intervention

All of the following Class I indications are consistent with
the ACC/AHA 2004 Guideline Update for Coronary
Artery Bypass Graft Surgery.

CLASS I

l Coronary revascularization before noncardiac surgery is
l Useful in patients with stable angina who have signif-
icant left main coronary artery stenosis. (LOE: A)

l Coronary revascularization before noncardiac surgery is
l Useful in patients with stable angina who have three-
vessel disease. (Survival benefit is greater when left
ventricular ejection fraction is less than 0.50.) (LOE: A)

l Useful in patients with stable angina who have two-
vessel disease with significant proximal left anterior
descending stenosis and either ejection fraction less
than 0.50 or demonstrable ischemia on noninvasive
testing. (LOE: A)

l Recommended for patients with high-risk unstable
angina or non–ST-segment elevation myocardial
infarction (MI). (LOE: A)

l Recommended in patients with acute ST-segment ele-
vation MI. (LOE: A)

CLASS IIa

1. In patients in whom coronary revascularization with
percutaneous coronary intervention (PCI) is appropri-
ate for mitigation of cardiac symptoms and who
need elective noncardiac surgery in the subsequent
12 months, a strategy of balloon angioplasty or bare-
metal stent placement followed by 4 to 6 weeks of dual
antiplatelet therapy is probably indicated. (LOE: B)

2. In patients who have received drug-eluting coronary
stents and who must undergo urgent surgical proce-
dures that mandate the discontinuation of thienopyri-
dine therapy, it is reasonable to continue aspirin if at
all possible and restart the thienopyridine as soon as
possible. (LOE: C)

CLASS IIb

The usefulness of preoperative coronary revascularization
is not well established

l In high-risk ischemic patients (e.g., abnormal dobuta-
mine stress echocardiogram with at least 5 segments of
wall-motion abnormalities). (LOE: C)

l For low-risk ischemic patients with an abnormal
dobutamine stress echocardiogram (segments 1 to 4).
(LOE: B)

CLASS III

1. It is not recommended that routine prophylactic coro-
nary revascularization be performed in patients with
stable CAD before noncardiac surgery. (LOE: B)

2. Elective noncardiac surgery is not recommended within
4 to 6 weeks of bare-metal coronary stent implantation
or within 12 months of drug-eluting coronary stent
implantation in patients in whom thienopyridine ther-
apy or aspirin and thienopyridine therapy will need to
be discontinued perioperatively. (LOE: B)
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3. Elective noncardiac surgery is not recommended
within 4 weeks of coronary revascularization with bal-
loon angioplasty. (LOE: B)
AUTHORS’ RECOMMENDATIONS

l To improve the outcomes of high-risk patients, we must shift
the paradigm of widespread screening and treatment of coro-
nary artery disease before the operation to a comprehensive
strategy for modification of risks in the postoperative period.

l The optimal strategy for identifying and treating high-risk
patients before elective noncardiac surgery should underscore
the value of a conservative strategy that includes proceeding
with a timely operation, if deemed appropriate. It also should
ensure use of medical therapies that reduce secondary out-
comes in patients with coronary artery disease, particularly
regarding therapeutic doses of beta-blockers.

l Patients with an unprotected left main stenosis may be the only
subset of patients with multivessel coronary artery disease that
need special consideration before a vascular operation. This
subset consists of less than 5% of individuals undergoing non-
cardiac operations and does not justify widespread stress
imaging tests preoperatively, to identify such a small subset.

l Those individuals with evidence of a perioperative myocardial
infarction, congestive heart failure, ventricular arrhythmias, and
diabetes should be targeted and appropriately treated in the
postoperative period.
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14
 How Long Should You Wait after
Percutaneous Coronary
Intervention for Noncardiac
Surgery?

John G.T. Augoustides, MD, FASE; Hynek Riha, MD, DEAA;
and Lee A. Fleisher, MD, FACC, FAHA
INTRODUCTION

Percutaneous coronary intervention (PCI) has revolutio-
nized the management of coronary artery disease (CAD)
initially with balloon angioplasty (BA) and subsequently
with coronary stenting both with bare-metal stents
(BMS) and with drug-eluting stents (DES). The high inci-
dence of coronary restenosis from neointimal coronary
endothelial growth after BA prompted the clinical devel-
opment and introduction of BMS. Although they repre-
sented a significant therapeutic advance, they were still
associated with coronary restenosis rates of 15% to
30%.1,2 The second major significant reduction in coronary
restenosis after PCI resulted from DES that pharmaco-
logically retard stent endothelialization and neointimal
growth with sirolimus or paclitaxel. Due to slow release
of these antimitotic agents, the DES are associated with
significantly lower coronary restenosis rates of 5% to
10%.3

Since the introduction of DES into clinical practice in
the last 5 years, more than 5 million of these devices have
been implanted worldwide.4 Coronary stent thrombosis
(ST) has been an important clinical concern, particularly
before the coronary stent has been coated with endothe-
lium (approximately 4 to 6 weeks for BMS and at least
1 year for DES). As a result, dual antiplatelet therapy with
aspirin and clopidogrel has been recommended for
at least 1 month after BMS placement and for at least
12 months after DES placement.5 Although premature dis-
continuation of antiplatelet therapy is a major risk for ST,
there are multiple identified clinical and angiographic risk
factors for ST (Table 14-1).5-7

The perioperative period qualifies as a major risk factor
for ST, since noncardiac surgery (NCS) activates platelets
and induces hypercoagulability.8 The significant risk of
perioperative ST for BMS was highlighted in 2000 with a
case series (N ¼ 40) that documented a 20% mortality rate
in NCS soon after BMS deployment.9 Furthermore, NCS
after recent BA is not without risk of myocardial ischemia
and perioperative mortality. In a recent case series of
350 patients who had NCS within 2 months after BA, the
perioperative mortality rate was 0.9% (95%; confidence
interval [CI] 0.2% to 2.5%).10

Given that approximately 5% of patients with coronary
stents require NCS within 1 year after stenting,11 the peri-
operative management of patients with recent PCI (BA,
BMS, DES) is important because it not only concerns
millions of patients but also entails significant periopera-
tive risk of major myocardial infarction and death. This
chapter reviews the options, latest evidence, and current
expert recommendations concerning the perioperative
risk of recent PCI in NCS.

OPTIONS TO MINIMIZE STENT THROMBOSIS
AFTER RECENT PCI AND NONCARDIAC
SURGERY

The perioperative options for limiting coronary throm-
bosis after recent PCI are presented in Table 14-2.12 The
evidence for each option will be presented and expert
recommendations will be reviewed and ranked according
to the schema of the American Heart Association (AHA)
and American College of Cardiology (ACC), as outlined
in Tables 14-3A (classes of recommendations) and 14-3B
(levels of evidence). The expert recommendations and
corresponding levels of evidence have been summarized
in Table 14-4 (class I recommendations), Tables 14-5A
and 14-5B (classes IIA and IIB recommendations), and
Table 14-6 (class III recommendations).12,13 The recent
AHA/ACC guidelines on perioperative cardiovascular
evaluation and care for NCS surgery are available at
www.americanheart.org (section on statements and prac-
tice guidelines; accessed July 10, 2008).
EVIDENCE

Minimize Preoperative Percutaneous Coronary
Intervention

Patients with CAD will often not benefit from coronary
revascularization with PCI before noncardiac surgery.
79
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Table 14-1 Identified Risk Factors for Coronary
Stent Thrombosis

Clinical Risk Factors
Angiographic Risk
Factors

Premature interruption of antiplatelet
therapy

Long stents

Advanced age Multiple lesions
Diabetes Overlapping stents
Low ejection fraction Ostial lesions
Renal failure Small-caliber coronary

vessels
Acute coronary syndrome Suboptimal stent

deployment
Perioperative period Bifurcation lesions

Table 14-2 Options for Limiting Coronary
Thrombosis after Noncardiac
Surgery and Recent Percutaneous
Coronary Intervention (PCI)

Options Considerations within the Option

Minimize
preoperative PCI

1. Limit preoperative PCI in stable cor-
onary disease

2. PCI for unstable coronary syndromes
Consider stent type 1. Balloon angioplasty

2. Bare-metal stents
3. Drug-eluting stents

Optimize antiplatelet
therapy

1. Continue aspirin and clopidogrel
2. Continue aspirin only
3. Stop clopidogrel for limited period
4. Perioperative intravenous platelet

blockade
Education and

collaboration
1. Surgeon
2. Cardiologist
3. Surgery at center with primary PCI

availability

Table 14-3A Definition of Classification Scheme
for Clinical Recommendations

Clinical
Recommendations

Definition of Recommendation
Class

Class I The procedure/treatment should be
performed (benefit far outweighs the
risk)

Class IIa It is reasonable to perform the
procedure/treatment (benefit still
clearly outweighs risk)

Class IIb It is not unreasonable to perform the
procedure/treatment (benefit
probably outweighs the risk)

Class III The procedure/treatment should not be
performed because it is not helpful
and may be harmful (risk may
outweigh benefit)

Taken from the American Heart Association/American Council of Cardiology
Manual for Guideline Writing Committees at http://circ.ahajournals.org/
manual_IIstep6.shtml (accessed February 25, 2008).

Table 14-3B Definition of Classification Scheme
for Supporting Evidence for
Clinical Recommendations

Level of
Evidence Definition of Recommendation Class

Level A Sufficient evidence from multiple randomized
trials or meta-analyses

Level B Limited evidence from a single randomized trial
or multiple nonrandomized studies

Level C Case studies and expert opinion

Taken from the American Heart Association/American Council of Cardiology
Manual for Guideline Writing Committees at http://circ.ahajournals.org/
manual_IIstep6.shtml (accessed February 25, 2008).

Rights were not granted to include this content in
electronic media. Please refer to the printed book.

Rights were not granted to include this content in
electronic media. Please refer to the printed book.
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The Coronary Artery Revascularization Prophylaxis
(CARP) trial randomized 510 patients with angiographic-
ally proven CAD to coronary revascularization or medical
management before elective major vascular surgery (33%
abdominal aortic aneurysm repair; 67% infrainguinal vas-
cular bypass).14 The exclusion criteria included significant
left main coronary stenosis, unstable CAD syndromes,
aortic stenosis, and severe cardiomyopathy defined as an
ejection fraction less than 20%. Coronary revascularization
was achieved surgically in 41% and with PCI in 59% of
enrolled subjects. Patients with or without preoperative
revascularization developed a similar incidence of postop-
erative myocardial infarction (8.4% versus 8.4%, p ¼ 0.99)
and a similar 27-month survival rate (78% versus 77%,
p ¼ 0.98). Therefore this landmark study suggests that
preoperative PCI for stable CAD may not be required
before NCS.

The DECREASE-II trial evaluated preoperative cardiac
testing in major vascular surgical patients who had inter-
mediate cardiac risk factors and who received adequate
beta-blocker therapy.15 This trial demonstrated that pre-
operative coronary revascularization did not significantly
improve the 30-day outcome in patients with extensive
ischemia.

The DECREASE-V pilot study randomized 101 vascu-
lar surgical patients with extensive ischemia (defined as
five or more ischemic segments during dobutamine stress
echocardiography or at least three ischemic segments
identified by dipyrimadole perfusion scintigraphy) to pre-
operative coronary revascularization versus best medical
therapy.16 Coronary revascularization was achieved surgi-
cally in 35% and with PCI in 65% of enrolled subjects.

http://circ.ahajournals.org/manual_IIstep6.shtml
http://circ.ahajournals.org/manual_IIstep6.shtml
http://circ.ahajournals.org/manual_IIstep6.shtml
http://circ.ahajournals.org/manual_IIstep6.shtml


Table 14-4 Class I Recommendations for
Percutaneous Coronary
Intervention (PCI) and Noncardiac
Surgery

Recommendation
Class and
Evidence

PCI before noncardiac surgery is indicated
in appropriate patients with stable angina
who have two-vessel disease with significant
proximal left anterior descending artery
(LAD) stenosis and either an ejection
fraction less than 50% or demonstrable
ischemia on noninvasive testing.

I (level A)

PCI before noncardiac surgery is
recommended for appropriate patients
with high-risk unstable angina or non–ST-
segment elevation myocardial infarction.

I (level A)

PCI before noncardiac surgery is
recommended in appropriate patients with
ST-segment elevation myocardial infarction.

I (level A)

Adapted from the following guideline: Fleisher LA, Beckman JA, Brown KA,
et al: ACC/AHA guidelines on perioperative cardiovascular evaluation
and care for noncardiac surgery. Executive summary: A report of the
American College of Cardiology/American Heart Association Task Force
on Practice Guidelines (Writing Committee to revise the 2002 Guidelines
on Perioperative Cardiovascular Evaluation for Noncardiac Surgery).
Developed in collaboration with the American Society of
Echocardiography, American Society of Nuclear Cardiology, Heart
Rhythm Society, Society of Cardiovascular Anesthesiologists, Society for
Cardiovascular Angiography and Interventions, Society for Vascular
Medicine and Biology, and Society for Vascular Surgery. Circulation
2007;116:1971-1996.

Table 14-5A Class IIa Recommendations for
Percutaneous Coronary
Intervention (PCI) and Noncardiac
Surgery

Recommendation
Class and
Evidence

In patients who require PCI to alleviate
myocardial ischemia and who require
elective noncardiac surgery in the following
12 months, the recommended strategy is
balloon angioplasty or bare-metal stent
placement followed by 4-6 weeks of dual
antiplatelet therapy (aspirin and
clopidogrel).

IIa (level B)

In patients who have drug-eluting coronary
stents and who require emergency noncardiac
surgery that mandates discontinuation of
clopidogrel, it is reasonable to continue
aspirin therapy and restart clopidogrel as
soon as clinically possible.

IIa (level C)

Adapted from the following guideline: Fleisher LA, Beckman JA, Brown KA,
et al: ACC/AHA guidelines on perioperative cardiovascular evaluation
and care for noncardiac surgery. Executive summary: A report of the
American College of Cardiology/American Heart Association Task Force
on Practice Guidelines (Writing Committee to revise the 2002 Guidelines
on Perioperative Cardiovascular Evaluation for Noncardiac Surgery).
Developed in collaboration with the American Society of
Echocardiography, American Society of Nuclear Cardiology, Heart
Rhythm Society, Society of Cardiovascular Anesthesiologists, Society for
Cardiovascular Angiography and Interventions, Society for Vascular
Medicine and Biology, and Society for Vascular Surgery. Circulation
2007;116:1971-1996.

Table 14-5B Class IIb Recommendations for
Percutaneous Coronary
Intervention (PCI) and
Noncardiac Surgery

Recommendation
Class and
Evidence

The benefit of PCI before noncardiac surgery
is not established in high-risk ischemic
patients (e.g., 5 or more wall motion
abnormalities during dobutamine stress
echocardiography).

IIb (level C)

The benefit of PCI before noncardiac surgery
is not established in low-risk ischemic
patients (e.g., 1-4 wall motion abnormalities
during dobutamine stress
echocardiography)

IIb (level B)

Adapted from the following guideline: Fleisher LA, Beckman JA, Brown KA,
et al: ACC/AHA guidelines on perioperative cardiovascular evaluation
and care for noncardiac surgery. Executive summary: A report of the
American College of Cardiology/American Heart Association Task Force
on Practice Guidelines (Writing Committee to revise the 2002 Guidelines
on Perioperative Cardiovascular Evaluation for Noncardiac Surgery).
Developed in collaboration with the American Society of
Echocardiography, American Society of Nuclear Cardiology, Heart
Rhythm Society, Society of Cardiovascular Anesthesiologists, Society for
Cardiovascular Angiography and Interventions, Society for Vascular
Medicine and Biology, and Society for Vascular Surgery. Circulation
2007;116:1971-1996.
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The composite primary outcome (perioperative death and
myocardial infarction) was similar between study groups
(43% for revascularization versus 33% for medical ther-
apy; odds ratio [OR] 1.4; 95% CI, 0.7 to 2.8; p ¼ 0.30).
The incidence of death and myocardial infarction at 1 year
was high at 47% but similar in both groups (49% for
revascularization and 44% for medical therapy; OR 1.2;
95% CI, 0.7 to 2.3; p ¼ 0.48).

Taken together, these three important clinical trials
(CARP, DECREASE-II, and DECREASE-V) point to a
more limited role for PCI in stable CAD before NCS. Their
cumulative evidence forms the basis of the expert recom-
mendations relating to PCI before elective NCS in stable
CAD (see Tables 14-4 to 14-6).

In unstable angina or myocardial infarction, PCI is
indicated in appropriate patients for management of the
acute coronary syndrome in its own right. First, PCI
before NCS surgery is recommended for appropriate
patients with high-risk unstable angina or non–ST-
segment elevation myocardial infarction (class I recom-
mendation; level A evidence). Second, PCI before NCS
surgery is also recommended in appropriate patients with
ST-segment elevation myocardial infarction (class I
recommendation; level A evidence).

In the setting of stable CAD, PCI has a more limited
role, as explained earlier. Routine PCI in patients with sta-
ble CAD is not recommended before NCS (class III recom-
mendation; level B evidence). The benefit of PCI before



Table 14-6 Class III Recommendations for
Percutaneous Coronary
Intervention (PCI) and Noncardiac
Surgery

Recommendation
Class and
Evidence

Routine PCI in patients with stable coronary
artery disease is not recommended before
noncardiac surgery.

III (level B)

Elective noncardiac surgery that requires
perioperative discontinuation of clopidogrel
or aspirin and clopidogrel is not
recommended within 4-6 weeks of bare-
metal coronary stent deployment.

III (level B)

Elective noncardiac surgery that requires
perioperative discontinuation of clopidogrel
or aspirin and clopidogrel is not
recommended within 12 months of drug-
eluting coronary stent deployment.

III (level B)

Elective noncardiac surgery is not
recommended within 4 weeks of coronary
revascularization with balloon angioplasty.

III (level B)

Adapted from the following guideline: Fleisher LA, Beckman JA, Brown KA,
et al: ACC/AHA guidelines on perioperative cardiovascular evaluation
and care for noncardiac surgery. Executive summary: A report of the
American College of Cardiology/American Heart Association Task Force
on Practice Guidelines (Writing Committee to revise the 2002 Guidelines
on Perioperative Cardiovascular Evaluation for Noncardiac Surgery).
Developed in collaboration with the American Society of
Echocardiography, American Society of Nuclear Cardiology, Heart
Rhythm Society, Society of Cardiovascular Anesthesiologists, Society for
Cardiovascular Angiography and Interventions, Society for Vascular
Medicine and Biology, and Society for Vascular Surgery. Circulation
2007;116:1971-1996.

82 Section II PREOPERATIVE PREPARATION
NCS is not established in high-risk ischemic patients, for
example, five or more wall motion abnormalities during
dobutamine stress echocardiography (class IIb recommen-
dation; level C evidence). The benefit of PCI before NCS
is also not established in low-risk ischemic patients, for
example, one to four wall motion abnormalities during
dobutamine stress echocardiography (class IIb recommen-
dation; level B evidence). PCI before NCS surgery, how-
ever, is indicated in appropriate patients with stable
angina who have two-vessel disease with significant
proximal left anterior descending artery (LAD) stenosis
and either an ejection fraction less than 50% or demonstra-
ble ischemia on noninvasive testing (class I recommenda-
tion; level A evidence).

Type of Percutaneous Coronary Intervention

Balloon Angioplasty

Seven retrospective studies have examined cardiovas-
cular outcome following coronary BA before NCS.
The main features of these studies are summarized in
Table 14-7.10,17-22 Five of the seven studies are limited
by factors such as a small sample size, a long inter-
val between coronary angioplasty and surgery, or a con-
trol group with coronary stents.17-19,21,22 The remaining
two studies suggest that NCS after BA is safe, particularly
if surgery occurs at least 2 weeks after coronary
intervention.10,20 This minimum time period allows the
coronary injury at the balloon angioplasty site to heal
and thus not be at risk for perioperative thrombosis.

Thus it appears that the 2- to 4-week period after
balloon angioplasty minimizes the incidence of an acute
coronary syndrome after NCS. However, if surgery occurs
more than 8 weeks after coronary BA, significant resteno-
sis at the angioplasty site might cause perioperative myo-
cardial ischemia. The expert recommendation specifies
that elective NCS is not recommended within 4 weeks of
coronary revascularization with BA (class III recommen-
dation; level B evidence). Daily aspirin therapy should
be maintained perioperatively, unless the bleeding risk is
deemed too high.

Bare-Metal Coronary Stents

The retrospective study by Kaluza and colleagues9 (n ¼
40) documented a 20% perioperative mortality rate in
patients who had NCS less than 6 weeks after coronary
stenting with BMS. A second retrospective study by
Wilson and colleagues23 (n ¼ 207) demonstrated a 3%
perioperative mortality rate in patients with BMS who
underwent NCS within 6 weeks of coronary stenting.
A third report by Reddy and Vaitkus24 (n ¼ 56) revealed
a 38% incidence of ST or cardiovascular death in patients
who had undergone NCS within 14 days of BMS deploy-
ment. No patient who had NCS more than 6 weeks after
BMS suffered cardiovascular complications. In a fourth
study by Sharma and colleagues25 (n ¼ 47), perioperative
mortality rate was 26% in the setting of NCS less than
3 weeks after BMS placement as compared with a 5% mor-
tality rate in the setting of NCS more than 3 weeks after
BMS placement. This study also documented in the early
surgery group an 85.7% (6 of 7) mortality rate in patients
who had stopped thienopyridine therapy.

The collective findings from this set of studies can
be interpreted with respect to the cellular process that
lines BMS with coronary endothelium. Endothelialization
of BMS takes about 4 to 6 weeks, after which the risk of
BMS thrombosis is extremely unlikely. During the process
of stent endothelialization, dual antiplatelet therapy with
aspirin and clopidogrel is recommended to minimize the
risk of stent thrombosis. The clopidogrel is no longer
required after 6 weeks when endothelialization is typically
adequate. Thereafter, aspirin therapy is recommended
indefinitely and should be continued perioperatively,
unless the bleeding risk is judged to be prohibitive.

As a result, the expert recommendation is that elective
NCS which requires perioperative discontinuation of clo-
pidogrel is not recommended within 4 to 6 weeks of
bare-metal coronary stent deployment (class III recom-
mendation; level B evidence).

Drug-Eluting Stents

Drug-eluting stents revolutionized PCI because they have
significantly reduced the rate of coronary restenosis due to
retardation of coronary endothelial growth from slow
release of paclitaxel or sirolimus.26 As a consequence, ST
with DES remains an ongoing risk due to the lack of endo-
thelial covering: in this generation of coronary stents, throm-
bosis has replaced restenosis as the major clinical concern.



Table 14-7 Outcomes with Coronary Balloon Angioplasty (CBA) before Noncardiac Surgery

Clinical Study
Sample
Size

Time from CBA to
Surgery

Mortality
Rate

Myocardial
Infarction Comment

Allen et al.
(1991)17

148 Mean of 338 days 2.7% 0.7% Long interval to surgery

Huber et al.
(1992)18

50 Mean of 9 days 1.9% 5.6% Small study; no control group

Elmore et al.
(1993)19

14 Mean of 10 days 0% 0% Very small study

Gottlieb et al.
(1998)20

194 Mean of 11 days 0.5% 0.5% Only vascular surgeries

Posner et al.
(1999)21

686 Median of I year 2.6% 2.2% Long interval to surgery

Brilakis et al.
(2005)10

350 Within 2 months 0.3% 0.6% All events occurred after surgery within
2 weeks after CBA

Leibowitz et al.
(2006)22

216 Early (0-14 days)
Late (15-62 days)

11%
20%

7.2%
16.8%

56% CBA; 44% stents
Similar outcomes

Adapted from the following guideline: Fleisher LA, Beckman JA, Brown KA, et al: ACC/AHA guidelines on perioperative cardiovascular evaluation and care for
noncardiac surgery. Executive summary: A report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines
(Writing Committee to revise the 2002 Guidelines on Perioperative Cardiovascular Evaluation for Noncardiac Surgery). Developed in collaboration with the
American Society of Echocardiography, American Society of Nuclear Cardiology, Heart Rhythm Society, Society of Cardiovascular Anesthesiologists, Society
for Cardiovascular Angiography and Interventions, Society for Vascular Medicine and Biology, and Society for Vascular Surgery. Circulation 2007;116:1971-1996.
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A recent systematic review of perioperative ST
included 10 studies (1995 to 2006) for a sum total of 980
patients who had NCS after placement of either BMS or
DES.27 The median interval between stent deployment
and NCS was 13 to 284 days, and the majority of the
pooled cohort had BMS. The perioperative rates of myo-
cardial infarction and death were 2% to 28% and 3% to
20%, respectively. Despite the limitations of the included
studies, two perioperative factors significantly increased
perioperative cardiovascular risk: (1) discontinuation of
dual antiplatelet therapy (i.e., aspirin and clopidogrel);
and (2) surgery within 6 to 12 weeks after stent deploy-
ment. These collated findings from the literature were
confirmed in a subsequent study by the same investiga-
tors (n ¼ 192).28

These findings from systematic review do not specifi-
cally apply to DES, since the pooled study population
included BMS as well as DES. The Swedish Coronary
Angiography and Angioplasty Registry (SCAAR) studied
6033 patients treated with DES and 13,738 patients treated
with BMS with a 3-year follow-up.29 The relative rate of
clinical coronary restenosis was 60% lower in the DES
group. However, in the DES group, there was an incre-
mental absolute risk of death of 0.5% per year and an
incremental absolute risk of death or myocardial infarc-
tion of 0.5% to 1.0% per year after the initial 6 months.
The adverse long-term events with DES are principally
related to the risk of ST. The multiple risk factors for ST
are summarized in Table 14-1.5-7

The persistent risk of ST with DES prompted an ACC/
AHA expert guideline that focused on the prevention of
premature discontinuation of dual antiplatelet therapy
in patients with coronary artery stents, especially DES.5
The ACC/AHA ecommendation is that elective NCS
which requires perioperative discontinuation of clopido-
grel is not recommended within 12 months of DES
deployment (class III recommendation; level B evidence).
Furthermore, in patients who have DES and who require
emergency NCS that mandates discontinuation of clopi-
dogrel, it is reasonable to continue aspirin therapy and
restart clopidogrel as soon as clinically possible after
surgery (class IIa recommendation; level C evidence).

Perioperative Antiplatelet Therapy

In the presence of BMS and/or DES, acute withdrawal of
antiplatelet therapy is a major risk factor for perioperative
ST.5–9 The options for perioperative platelet blockade
to maintain stent patency and to minimize perioperative
ST include the following:

1. Continue dual antiplatelet therapy during and after
surgery.

2. Discontinue clopidogrel but bridge the patient to
surgery by using short-acting intravenous platelet
blockade, and then restarting clopidogrel as soon as
possible after surgery.30

3. Continue aspirin perioperatively but discontinue
clopidogrel preoperatively and restart it as soon as
possible after surgery.

Option I: Dual Antiplatelet Therapy during
and after Surgery

This option maintains standard double platelet blockade
perioperatively and so has a very low incidence of ST.
The perioperative team must weigh the risks of bleed-
ing associated with the particular surgical procedure
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versus the life-threatening consequences of ST. In proce-
dures such as dental extractions,31 cataract surgery,32

and routine dermatologic surgery,33 bleeding can almost
always be controlled locally even in the presence of dual
platelet blockade. In surgical procedures with a higher
bleeding risk, surgeons can often be persuaded to con-
tinue both aspirin and clopidogrel when reminded that
ST often results in death or significant myocardial infarc-
tion.34 However, this strategy is not appropriate in
circumstances where excess bleeding can be catastrophic,
such as neurosurgery35 or retinal surgery.36

Option II: Discontinue Clopidogrel and Bridge with
Intravenous Anticoagulation

Platelet inhibition due to clopidogrel is irreversible.
Clopidogrel must be discontinued for 5 to 10 days before
normal hemostasis is achieved from the production and
release of new platelets. If NCS is required early after
stent placement and clopidogrel must be stopped (e.g.,
craniotomy for tumor resection), it is not unreasonable to
bridge the patient with short-acting intravenous anti-
coagulation. Since stent thrombosis is primarily due to
platelet aggregation, it is logical that an intravenous
antiplatelet agent such as tirofiban would be important.
Tirofiban is a short-acting intravenous platelet receptor
IIb/IIIa blocker that is well tolerated.

This bridging approach is exemplified in a recent case
series of three patients with DES undergoing NCS.37 The
clopdogrel was discontinued 5 days before surgery. Each
patient was admitted to hospital 3 days before surgery
for commencement of tirofiban and heparin infusions.
These dual anticoagulant infusions were discontinued
6 hours before surgery. On the first postoperative day, a
loading dose of clopidogrel was started followed by main-
tenance dosage thereafter. Aspirin therapy was continued
throughout the perioperative period. Although these
patients had no perioperative ST, this case series is
proof-of-concept only. Further trials are required to verify
the safety and efficacy of this perioperative approach.
In concept, it already has a clinical precedent in the prep-
aration of a patient with a mechanical heart valve for
NCS. This patient at risk for valve thrombosis is admitted
to hospital for discontinuation of Coumadin with interim
heparinization as a bridge to surgery.

Option III: Discontinue Clopidogrel Preoperatively
and Restart after Surgery

This approach is logical if the coronary stent is fully
endothelialized with a low risk of perioperative ST (4 to
6 weeks for BMS and 12 months for DES). However, there
is variability in the rate of stent endotheliazation, espe-
cially for DES. Consequently, the risk for stent thrombosis
may persist in a subset of patients beyond 1 year.38,39

When clopidogrel is begun postoperatively, it is prudent
to give a loading dose as there is post-surgical platelet
activation and many patients are hyporesponsive to clopi-
dogrel.40 Aspirin therapy should be continued throughout
the perioperative period.41 In patients who have DES
and who require emergency NCS surgery that mandates
discontinuation of clopidogrel, it is reasonable to continue
aspirin (class IIa recommendation; level C evidence).
EDUCATION AND COLLABORATION

The severe morbidity and mortality rates associated with
perioperative ST mandates a collaborative approach
among surgeons, anesthesiologists, and cardiologists.

In a survey of anesthesiologists, 63% were not aware
of recommendations about timing of NCS after BMS
or DES.42 Anesthesiologists and surgeons should have a
collaborative approach to patients with coronary stents.43

This approach could include the following aspects:

1. Determination of all stent details such as stent type(s),
coronary locations, date(s) of implantation, and dura-
tion and type of antiplatelet therapy

2. Consultation with a cardiologist, preferably the
patient’s cardiologist

3. A joint decision with input from the anesthesiologist,
surgeon, and cardiologist about the timing of NCS
and the perioperative anticoagulation plan with spe-
cial emphasis on platelet blockade

4. Performance of the NCS in a medical center that has
24-hour interventional cardiology coverage for
prompt therapy of ST, if it occurs

MANAGEMENT OF PERIOPERATIVE STENT
THROMBOSIS

Stent thrombosis most often manifests as an ST-segment
elevation myocardial infarction and requires early reper-
fusion. Thrombolytic therapy is contraindicated in this
setting due to the risk of severe bleeding after recent sur-
gery. Furthermore, it is less effective than primary PCI.
An early invasive strategy for acute myocardial infarction
after NCS was still associated with a 35% mortality rate
(n ¼ 48).44 Although this is a high perioperative mortality
rate, it was in patients who often were treated after car-
diac arrest or in cardiogenic shock.

AREAS OF UNCERTAINITY

The natural history of perioperative ST after DES implan-
tation requires further investigation to confirm incidence,
determine contemporary perioperative outcome, and
assess best perioperative anticoagulant practice. Further-
more, the current problem of ST with DES has prompted
the development of bioabsorbable drug-elutng stents in
an effort to deal effectively with not only restenosis but
also thrombosis.45,46 Although this next generation of
coronary stents has demonstrated clinical equivalency in
initial clinical evaluation, long-term large-scale studies
are required to assess their efficacy and safety compared
with first-generation DESs, including with respect to the
perioperative period.

GUIDELINES AND AUTHORS’
RECOMMENDATIONS

The options and evidence concerning the perioperative
risks and management of recent PCI before NCS have
been discussed. This topic is important because it is
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common and serious. This author supports the expert
recommendations on this topic from the recent AHA/
ACC guidelines on perioperative cardiovascular evalua-
tion and care for NCS surgery.5,13 These recommendations
are summarized for rapid review and quick reference in
Tables 14-4 through 14-6.
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15
 How Should We Prepare the
Patient with a Pacemaker/
Implantable Cardioverter-
Defibrillator?

Marc A. Rozner, PhD, MD
INTRODUCTION

Battery-operated pacemakers (PMs) revolutionized the
treatment of fatal electrical conduction abnormalities in
1958, just a few years after the invention of the transistor.
As this science has matured, PMs have been designed
to provide atrioventricular synchronization, improve the
quality of life for the chronotropically incompetent patient,
and reduce ventricular contractile dissymmetry in the
presence of cardiomyopathy. This science has been
extended to treat both atrial and ventricular tachyarrhyth-
mias (in addition to bradyarrhythmia issues) with antita-
chycardia pacing or shock in the form of implantable
cardioverter-defibrillators (ICDs), which were first demon-
strated in 1980 and approved by the U.S. Food and Drug
Administration (FDA) in 1985. Current ICDs represent
extensions and advancement of PM technology, so every
ICD implanted today, in addition to antitachycardia ther-
apy, also provides the entire functional set found in a PM.

These devices are no longer confined to keeping the heart
beating between a minimum rate (pacing function) and a
maximum rate (ICD functions), as they are now employed
as therapy to improve the failing heart. Electronic miniatur-
ization of PMs and ICDs has permitted the design and use
of sophisticated electronics in patients who need artificial
pacing or automated cardioversion/defibrillation of their
heart (or both).

Coupled with population aging, continued enhance-
ments and new indications for implantation of pacemakers
or cardioverter-defibrillators will lead to increased num-
bers of patients with these devices. Safe and efficient
clinical management of these patients depends on our
understanding of implantable systems, indications for
their use, and the perioperative needs that they create.

However, the increasing specialization, the proprietary
nature of developments, and the complexity of cardiac
generators limit generalizations that can be made about
the perioperative care of these patients. Additionally,
the absence of published trials, the misinterpretation
of adverse events in published literature, and the lack of
formal perioperative guidelines add to the difficulties in
taking care of these patients.
These issues led the American Society of Anesthe-
siologists (ASA) to publish a Practice Advisory for these
patients.1 Other guidelines have been published as well,2-5

although not all authors recommend ICD disablement in
the perioperative period.6

EVIDENCE

Whether PM or ICD patients have increased perioperative
morbidity or mortality risk remains an area ripe for inves-
tigation. Levine and colleagues7 previously reported
increases in pacing thresholds (i.e., the amount of energy
required to depolarize the myocardium) in some thoracic
operations. In 1995, Badrinath and colleagues8 retrospec-
tively reviewed ophthalmic surgery cases in one hospital
in Madras, India, from 1979 through 1988 (14,787 cases)
and wrote that the presence of a pacemaker significantly
increased the probability of a mortal event within 6 weeks
postoperatively, regardless of the anesthetic technique.
Pili-Floury and colleagues9 reported that 2 of 65 pace-
maker patients (3.1%) undergoing significant noncardiac
surgery died postoperatively of cardiac cause across a
30-month study period. They also reported that 12% and
7.8% of patients required preoperative and postoperative
modification of pacemaker programming, respectively.9

In abstract form, Rozner and colleagues10 reported a 2-
year retrospective review of 172 PM patients treated at a
preoperative anesthesia clinic, showing that 27 of 172
(16%) needed a preoperative intervention (9 of 27 were
generator replacement for battery depletion). Addition-
ally, follow-up of the 149 patients who underwent an
open surgical procedure showed 5 ventricular pacing
threshold increases, 1 atrial pacing threshold increase,
and 1 PM electrical reset,10 all of which took place in
patients undergoing nonthoracic surgery. All of these
cases involved electromagnetic interference (EMI) from
monopolar electrosurgical unit (ESU), and one large ven-
tricular pacing threshold was observed after a significant
fluid and blood resuscitation following the loss of
2500 mL of blood in a 45-year-old woman.

For the patient with ventricular tachycardia (VT) or
ventricular fibrillation (VF), ICDs clearly reduce deaths,
87



Table 15-1B Implantable Cardioverter-
Defibrillator Indications

Ventricular tachycardia
Ventricular fibrillation
Post–myocardial infarction patients with ejection fraction (EF)
�30% (MADIT II)

Cardiomyopathy from any cause with EF �35% (SCD-HeFT)
Hypertrophic cardiomyopathy
Awaiting heart transplant
Long Q-T syndrome
Arrhythmogenic right ventricular dysplasia
Brugada syndrome (right bundle branch block, S-T segment
elevation in leads V1-V3)
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and they remain superior to antiarrhythmic drug ther-
apy.11 Further, studies suggesting prophylactic place-
ment in patients without evidence of tachyarrhythmias
(Multicenter Automatic Defibrillator Implantation Trial–II
[MADIT-II]—ischemic cardiomyopathy, ejection fraction
less than 0.30;12 and Sudden Cardiac Death–Heart Failure
Trial [SCD-HeFT]—any cardiomyopathy, ejection fraction
less than 0.3513) have significantly increased the number
of patients for whom ICD therapy is indicated.

ICD advancements have a number of important results.
First, all ICDs have brady-pacing capability, and the pres-
ence of pacing artifacts on an electrocardiogram (ECG)
might lead a practitioner to mistake an ICD for a (non-
ICD) pacemaker. If ECGs are routinely collected from
patients with “pacemakers” using a magnet, some ICDs
from Boston Scientific/Guidant/CPI might be perma-
nently deactivated with magnet placement.14 Second,
ICD brady-pacing is never converted to asynchronous
mode with magnet placement; thus, for many ICDs, con-
firmation of appropriate magnet placement is absent.
Third, ICDs respond to, and process, EMI differently than
a pacemaker.

This field is further complicated by the nature of
electronics, silent device malfunction, and outright device
failure. (A “silent” device failure is one that does not
immediately lead to patient symptoms. For example, a
patient with a pacemaker set to 70 beats per minute with
AV delay of 180 ms but who has an underlying sinus
rhythm at 57 beats per minute with a PR interval of
230 ms will probably fail to notice a complete system
failure.) Although pacemakers and ICDs are more reli-
able than almost any other technology, some devices
fail prematurely. Maisel and colleagues15 searched the
FDA database for the years 1990–2002; they found that 4.6
PMs and 20.7 ICDs per 1000 implants had been explanted
for failures other than battery depletion. For the study
period, 2.25 million PMs and 415,780 ICDs were implanted
with 30 PM and 31 ICD patients who died as a direct
result of device malfunction.15 Currently, alerts exist for
premature ICD lead failure, which can result in inappropri-
ate shock or failure of shock.16,17 A number of PMs and
ICDs remain on “alert” for silent, premature battery failure
(Medtronic issues,18-20 Guidant issues21-26). One entire
Guidant product line of 46,000 ICDs has their magnet mode
permanently disabled because of a switch malfunction.27
PACEMAKER AND ICD MECHANICS

PM and ICD implant indications are shown in Tables 15-
1A and 15-1B. These systems consist of an impulse gener-
ator and lead(s). Leads can have one (unipolar), two
Table 15-1A Permanent Pacemaker Indications

Sinus node disease
Atrioventricular (AV) node disease
Long Q-T syndrome
Hypertrophic obstructive cardiomyopathy (HOCM)
Dilated cardiomyopathy (DCM)
(bipolar), or multiple (multipolar) electrodes with connec-
tions in multiple chambers. In unipolar pacing, as well as
defibrillation, the generator case serves as an electrode,
and tissue contact in a PM has been disrupted by pocket
gas.28 Pacing in a unipolar mode (unusual in an ICD sys-
tem) produces larger “spikes” on an analog-recorded
ECG, and unipolar sensing is more sensitive to EMI. Most
pacemaking systems use a bipolar pacing/sensing config-
uration, because bipolar pacing usually requires less
energy and bipolar sensing is more resistant to interfer-
ence from muscle artifacts or stray electromagnetic fields.
Often, bipolar electrodes can be identified on the chest
film because they have a ring electrode 1 to 3 cm proximal
to the lead tip. ICDs can be distinguished from conven-
tional PMs by the presence of a shock coil on the right
ventricular lead (Figure 15-1).

Finally, devices resembling cardiac pulse generators
are being implanted at increasing rates for pain control,
thalamic stimulation to control Parkinson’s disease, phrenic
nerve stimulation to stimulate the diaphragm in paralyzed
patients, and vagus nerve stimulation to control epilepsy
and possibly obesity.29 These devices can be, and have
been, confused with a cardiac generator as well.

The nature of programming, which is unique to each
device, necessitates a preoperative evaluation with a pace-
maker/ICD programmer. With this interrogation, one
can identify programmed parameters, battery longevity
(voltage and impedance), lead integrity (impedance),
safety margins for sensing underlying rhythm signals
(signal amplitude and channel sensitivity), and safety
margins for pacing in each chamber (pacing threshold
and pacing output), as well as retrieve information about
the patient’s rhythm behavior since the last time the gener-
ator memory was reset. For ICDs (and many PMs), rhythm
abnormalities (atrial fibrillation, supraventricular tachy-
cardia, ventricular tachycardia, and ventricular fibrillation)
are stored as well.

Pacemaker and ICD programming are described
using the Pacemaker (NGB) or Defibrillator (NBD) codes
(Tables 15-2A and 15-2B). Since all ICDs perform brady-
pacing, the most robust ICD description would include
the first three characters of the NBD, followed by a dash
(“-”), then the five character PM NBG. As an example,
in Figure 15-1, the ICD was configured as VVE-DDDRV
(ventricular shock capable, ventricular antitachycardia



Table 15-2A NASPE/BPEG Generic Pacemaker Code

Position I Position II Position III

Chambers Paced Chambers Sensed Response to

O ¼ None O ¼ None O ¼ None

A ¼ Atrium A ¼ Atrium I ¼ Inhibited

V ¼ Ventricle V ¼ Ventricle T ¼ Triggered

D ¼ Dual (AþV) D ¼ Dual (AþV) D ¼ Dual (Tþ
BPEG, British Pacing and Electrophysiology Group; NASPE, North American Socie

RV pacing
electrodes

RA pacing
electrodes

CS (LV)
pacing electrode

RV shock coil

SVC shock coil

Figure 15-1. A Defibrillator System with Biventricular (BiV) Anti-
bradycardia Pacemaker Capability. This chest film was taken from a
50-year-old man with head and neck cancer, coronary artery disease,
and ischemic cardiomyopathy with ejection fraction of 15%. The ICD
generator is in the left pectoral position with three leads: a conven-
tional, bipolar lead to the right atrium, a quadripolar lead to the right
ventricle (RV), and a unipolar lead to the coronary sinus (CS). This
system is designed to provide “resynchronization (antibradycardia)
therapy” in the setting of a dilated cardiomyopathy with a prolonged
QRS (and frequently with a prolonged P-R interval as well). The
bipolar lead in the right atrium will perform both sensing and pacing
functions. The lead in this RV is a true bipolar lead with ring and tip
electrodes for pacing and sensing. The presence of a “shock” conduc-
tor (termed a shock coil) on the RV lead in the right ventricle distin-
guishes a defibrillation system from a conventional pacemaking
system. The lead in the CS depolarizes the left ventricle, and the typ-
ical current pathway includes the anode (ring electrode) in the right
ventricle. Because of the typically wide QRS complex in a left bundle
branch pattern, failure to capture the left ventricle can lead to ventric-
ular oversensing (and inappropriate antitachycardia therapy) in an
ICD system. Many defibrillation systems (including this one) also
have a shock coil in the superior vena cava, which usually is electri-
cally identical to the defibrillator case (called the “can”). When the
defibrillation circuit includes the ICD case, it is called an “active
can configuration.”
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pace capable, electrogram detection, plus atrioventricular
pacing in a dual chamber [atrial tracking] mode, with rate
responsiveness, and multisite ventricular pacing). In the
United States, the two most common pacing modes are
VVI (single chamber ventricular pacing in the absence
of a native ventricular event) and DDD (atrioventricular
pacing that forces tracking of the atrial activity, whether
sensed or paced).

“Conventional wisdom” regarding care of PM or ICD
patients somehow has become “just put a magnet on it.”
This behavior seems to have originated with the incorrect
belief that magnet application to a PM always produces
asynchronous pacing and that a magnet on an ICD always
inhibits antitachycardia therapy. Thus many physicians
mistakenly believe that magnet application will prevent
signal oversensing from the “Bovie” ESU, which can
result in no pacing; after all, any electrical signal on the
ventricular lead is interpreted by the generator as ventric-
ular activity, which then “inhibits” pacing output. For
ICDs, the electrical noise (electromagnetic interference
[EMI]) can precipitate shocks. However, many PMs and
ICDs can have their magnet mode altered by program-
ming, and for some PMs, the default magnet setting does
not include sustained, asynchronous behavior. Table 15-3
shows default magnet behavior for many PMs and ICDs.

Preoperative management of the patient with a pace-
maker includes evaluation and optimization of coexisting
disease(s). For the patient with cardiomyopathy, the peri-
operative physician(s) should ensure appropriate phar-
macologic therapy (beta-blockade, afterload reduction,
diuretics where indicated, and antiarrhythmics or other
special drugs for late-stage disease).30 In fact, initiation
of beta-blocker therapy produces benefit to the cardio-
myopathic patient within 10 to 14 days,31 so delaying an
elective case to institute beta-blocker therapy might be
prudent. No special laboratory tests or x-rays are needed
for the patient with a conventional pacemaker. A patient
with a BiV pacer (or ICD) might need a chest film to doc-
ument the position of the coronary sinus (CS) lead, espe-
cially if central line placement is planned, because
spontaneous CS lead dislodgement can occur.32,33 Central
line placement in the thorax should not be performed
without electrocardiographic monitoring (PM or ICD),
and the ICD (if present) should be disabled to antitachy-
cardia therapy, because patient injury from inappropriate
shock has been reported.34
(NBG) [Revised 2002]

Position IV Position V

Sensing Programmability Multisite Pacing

O ¼ None O ¼ None

R ¼ Rate Modulation A ¼ Atrium

V ¼ Ventricle

I) D ¼ Dual (AþV)

ty of Pacing and Electrophysiology (now the Heart Rhythm Society).



Table 15-2B NASPE/BPG Generic Defibrillator Code (NBD)

Position I Position II Position III Position IV (or use Pacemaker Code)

Shock Chambers Antitachycardia Pacing Chambers Tachycardia Detection Antibradycardia Pacing Chambers

O ¼ None O ¼ None E ¼ Electrogram O ¼ None

A ¼ Atrium A ¼ Atrium H ¼ Hemodynamic A ¼ Atrium

V ¼ Ventricle V ¼ Ventricle V ¼ Ventricle

D ¼ Dual (AþV) D ¼ Dual (AþV) D ¼ Dual (AþV)

BPEG, British Pacing and Electrophysiology Group; NASPE, North American Society of Pacing and Electrophysiology (now the Heart Rhythm Society).
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Current North American Society of Pacing and Elec-
trophysiology (NASPE) and Medicare guidelines for PM
include telephonic (magnet) evaluation every 4 to 12
weeks (depending on device type and age) and a compre-
hensive device interrogation with a programmer at least
Table 15-3 Usual (or Default) Effects of Appropriate

Manufacturer Pacemaker

Biotronik PROGRAMMABLE
l Battery OK: 10 AS events at 90 beats/min, th
mode without rate responsiveness

l Battery not OK: 10 AS events at 80 beats/mi

ELA Medical (Sorin) NONPROGRAMMABLE
l Asynchronous pacing at 96 beats/min gradu
min at ERI. After magnet removal, 8 additio
cycles (the final 2 cycles are at LRL with lon

Guidant (also CPI)
now Boston Scientific

PROGRAMMABLE OFF MODE
l Battery OK: AS pacing at 100 beats/min
l ERI: AS pacing at 85 beats/min

Medtronic
Corporation

NONPROGRAMMABLE
l Battery OK: AS pacing 85 beats/min
l ERI: AS single-chamber pacing at 65 beats/m

Pacesetter (owned by
St. Jude Medical)

PROGRAMMABLE OFF (and VARIO*) MODE
l Battery OK: AS pacing depends on model
l ERI: AS pacing below 90 beats/min

St. Jude Medical PROGRAMMABLE OFF MODE
l Battery OK: AS pacing 98 beats/min gradua
battery

l ERI: AS pacing below 87 beats/min

*VARIO mode: 32 asynchronous events—the first 16 between 100 and 85 beats/mi
gradually declining ventricular pacing output to demonstrate capture threshold
repeats as long as the magnet is in place.

**If the “Change Tachy Mode with Magnet” feature also is programmed “ON,” afte
will switch from enabled (in absence of magnet, beeping) to permanently disable
when a magnet is applied should undergo an immediate device interrogation a
interrogation is complete.

AS, asynchronous; ERI, elective replacement indicated—the device is reporting the n
the minimum programmed rate for the device.

CAUTION: This table is not meant to be complete. It lists the default (or out-of-box
generator will reveal the true settings for any programmable device. The term
eliminated in the generator by programming.

For CPI/Guidant ICDs, if magnet mode is programmed to “ON,” appropriate mag
therapies remain disabled for as long as the magnet remains appropriately app
therapy on magnet removal provided it is not damaged by electromagnetic inte
magnet applied, tachy therapy is disabled whether or not a magnet is present.
once per year.35 Currently, no published and agreed
standard has been set for ICDs, but the manufacturer
documents recommend device evaluation at least every
4 months, with more frequent checks for ICD and lead
systems on alert or recall. Some ICDs can now be
Magnet Placement for Most Devices

ICD

en original programmed

n, then 11% below LRL

NONPROGRAMMABLE
NO confirmation
l Disables tachy therapies

ally declining to 80 beats/
nal asynchronous pacing
g atrioventricular delay).

NONPROGRAMMABLE
Confirmation: Pacing rate (but not
mode) changes to
l Battery OK: 90 beats/min
l ERI: 80 beats/min
l Disables tachy therapy

PROGRAMMABLE OFF MODE
Confirmation: short beep with each
detected heartbeat [CAUTION]**

in

NONPROGRAMMABLE
NO confirmation
l Disables tachy therapy

PROGRAMMABLE OFF MODE
NO confirmation
l Disables tachy therapy

lly declining over life of
PROGRAMMABLE OFF MODE
NO confirmation
l Disables tachy therapy

n (ERI) to indicate battery performance; the next 15 at 119 beats/min with
. The final pace is no output to clearly demonstrate no capture. This sequence

r 30 seconds of continuous magnet application the tachy mode changes, i.e., it
d (constant tone) or vice versa. Any CPI/Guidant ICD that does not emit sound
nd the patient should be electrocardiographically monitored until the

eed for generator replacement due to battery depletion; LRL, lower rate limit—

) settings for appropriate magnet placement. Only an interrogation of the
“PROGRAMMABLE OFF MODE” indicates that the magnet response can be

net placement immediately disables tachy detection and therapy, and tachy
lied. If each heartbeat produces a “beep,” the device will be enabled for tachy
rference while the magnet is applied. If the device emits a constant tone with a



Table 15-5 Pacemakers with Minute Ventilation
Sensors

ELA Medical (Sorin) Symphony, Brio (212, 220, 222)
Opus RM (4534)
Chorus RM (7034, 7134)
Talent (130, 213, 223)

Guidant Medical (and/
or Boston Scientific/
Guidant/CPI)

Pulsar (1172, 1272)
Pulsar Max (1170, 1171, 1270)
Pulsar Max II (1180, 1181, 1280)
Insignia Plus (1194, 1297, 1298)

Medtronic Kappa 400 series (401, 403)
Telectronics/St. Jude Meta (1202, 1204, 1206, 1230, 1250,

1254, 1256), Tempo (1102, 1902, 2102,
2902)
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evaluated using telephonic checks; however, since pacing
thresholds cannot be determined at this time, in-office
evaluation with the programmer remains the test of
choice.

For some patients, appropriate reprogramming
(Table 15-4) is the safest way to avoid intraoperative pro-
blems, especially if monopolar ESU will be used. Many
pacemaker manufacturers stand ready to assist with this
task; however, any industry-employed allied professional
(i.e., the manufacturer representative, or “rep”) should be
supervised by an appropriately trained physician.36

Reprogramming the PM to asynchronous pacing at a rate
greater than the patient’s underlying rate usually ensures
that no oversensing or undersensing from EMI will take
place. However, setting a device to asynchronous mode
has the potential to create a malignant rhythm in the
patient with structurally compromised myocardium.37

Reprogramming a device will not protect it from internal
damage or reset caused by EMI. In general, rate respon-
siveness and “enhancements” (dynamic atrial overdrive,
hysteresis, sleep rate, intrinsic atrio-ventricular activity
(A-V) search, etc.) should be disabled by programming
because many of these features can mimic pacing dys-
function.38,39 Note that for many Guidant and CPI
devices, Guidant Medical recommends increasing the pac-
ing voltage to “5 volts or higher” when monopolar elec-
trosurgery will be used. Few cardiologists follow this
recommendation, but there are reports of threshold
changes during both intrathoracic7 and nonchest sur-
gery.40 Recently, pacing threshold was shown to be
increased by some disease states.41 Special attention must
be given to any device with a minute ventila-
tion (bioimpedance) sensor (Table 15-5)42 because inap-
propriate tachycardia has been observed secondary to
mechanical ventilation,43,44 monopolar (“Bovie”) electro-
surgery,43,45,46 and connection to an ECG monitor with
respiratory rate monitoring.42,47-51 Sometimes, inappropri-
ate therapy producing life-threatening results has been
delivered in these settings.44,52
Table 15-4 Pacing Function Reprogramming
Possibly Needed

Any rate-responsive device—problems are well known and have
been misinterpreted with potential for patient injury; the Food
and Drug Administration has issued an alert regarding devices
with minute ventilation sensors

Special pacing indication (hypertrophic cardiomyopathy, dilated
cardiomyopathy, pediatrics)

Pacemaker-dependent patient
Major procedure in the chest or abdomen
Rate enhancements are present that should be disabled
Special procedures

Lithotripsy
Transurethral or hysteroscopic resection
Electroconvulsive therapy
Succinylcholine use
Magnetic resonance imaging (MRI) (usually contraindicated
by device manufacturers, although now possible in some
patients)
CONTROVERSIES

The principle issues surrounding PM and ICD patient care
involve the following:

1. Preoperative device interrogation: According to guidelines
from the American College of Cardiology,2 as well as
the Practice Advisory from the American Society of
Anesthesiologists,1 a recent preoperative interrogation
of the PM or ICD remains the procedure of choice for
these patients. Not specified is the interval between
the last interrogation and the surgery, although the
ACC/AHA guidelines suggest that up to 6 months
might be acceptable.

2. Perioperative reprogramming: In the 2007 ACC/AHA
guidelines,2 perioperative reprogramming was not part
of the recommendations. However, a PM or an ICD
with a mechanical rate sensor might increase the paced
heart rate when pressure is applied over the generator
or the chest wall is manipulated, such as during a
skin preparation, and certain programming features
designed to reduce ventricular pacing (such as the
managed ventricular pacing mode present in many
Medtronic generators) or increase battery life (such as
pacing rate hysteresis) might masquerade as pacing
system malfunction.

3. Disabling of antitachycardia therapy for ICD patients: Most
experts continue to recommend that ICD shock or anti-
tachycardia pacing be disabled for the operating room.
Some experts recommend the use of the magnet for this
issue. However, application of a magnet to an ICD
does not guarantee the deactivation of antitachycardia
therapy; some ICDs have no magnet mode due to
programming, and only ICDs from Boston Scientific/
Guidant/CPI emit tones (provided the magnet mode
is enabled) to indicate appropriate magnet placement.
Unfortunately, some ICDs from Boston Scientific/
Guidant/CPI continue to allow permanent deactivation
by magnet placement for over 30 seconds.14

4. Postoperative device interrogation: EMI, regardless of the
site or source, has the potential to injure a generator
or cause a reset. Nevertheless, economic, personnel,
and time pressures can hinder a timely postoperative
interrogation of the generator.



Table 15-6 Perioperative Guidelines for the Patient with a Cardiac Generator

PREOPERATIVE KEY POINTS

l Have the pacemaker or defibrillator interrogated by a competent
authority shortly before the anesthetic.

l Obtain a copy of this interrogation. Ensure that the device will
pace the heart with appropriate safety margins.

l Consider replacing any device near its elective replacement period
in a patient scheduled to undergo either a major surgery or sur-
gery within 25 cm of the generator.

l Determine the patient’s underlying rhythm/rate to determine the
need for backup pacing support.

l Identify the magnet rate and rhythm, if a magnet mode is present
and magnet use is planned.

l Program minute ventilation rate responsiveness off, if present.
l Program all rate enhancements off.
l Consider increasing the pacing rate to optimize oxygen delivery to
tissues for major cases.

l Disable antitachycardia therapy if a defibrillator.

INTRAOPERATIVE KEY POINTS

l Monitor cardiac rhythm/peripheral pulse with pulse oximeter or
arterial waveform.

l Disable the “artifact filter” on the ECG monitor.
l Avoid use of monopolar electrosurgery (ESU).
l Use bipolar ESU if possible; if not possible, “pure cut” (monopolar
ESU) is better than “blend” or “coag.”

l Place the ESU current return pad in such a way as to prevent
electricity from crossing the generator-heart circuit, even if the pad
must be placed on the distal forearm and the wire covered with
sterile drape.

l If the ESU causes ventricular oversensing, pacer quiescence, or
tachycardia, limit the period(s) of asystole or reprogram the car-
diac generator.

POSTOPERATIVE KEY POINTS

l Have the device interrogated by a competent authority postoper-
atively. Some rate enhancements can be reinitiated, and optimum
heart rate and pacing parameters should be determined. The ICD
patient must be monitored until the antitachycardia therapy is
restored.

AUTHOR’S RECOMMENDATIONS

Table 15-6 shows perioperative guidelines adapted from a number
of sources.

Specific recommendations regarding the aforementioned con-
troversies include the following:

1. Preoperative device interrogation: Preoperatively, all PMs and ICDs
should undergo a comprehensive in-office interrogation not more
than 30 days before the surgery/anesthetic. Particular attention
should be given to patients in whom a previous problem was
discovered, if a generator or lead is on alert or recall, if there is a
change in patient symptomatology or condition, or if the patient
gets frequent antitachycardia therapy from his or her ICD.

2. Perioperative reprogramming: In general, rate enhancements as well
as rate responsiveness should be disabled for the intraoperative
period to prevent unnecessary (and possibly dangerous) therapy,
especially if minute ventilation sensing is present. The patient
who demonstrates pacing system dependence might need repro-
gramming to asynchronous pacing or the placement (and testing,
which will likely require reprogramming) of a temporary pacing
device for surgery superior to the umbilicus if monopolar ESU
use is planned. Consideration should be given to raising the
lower paced rate to ensure adequate oxygen delivery in patients
undergoing significant surgery.

3. Disabling of antitachycardia therapy for ICD patients: In general,
most ICDs should have antitachycardia therapy deactivated for
surgical procedures, especially if monopolar ESU use is planned.
Deactivation by programming is more reliable than magnet
placement. In fact, a magnet should be used only after consulta-
tion with an ICD expert and a stable and appropriate position of
the magnet can be regularly verified during the case. Any patient
who undergoes ICD disablement or magnet placement without
prior verification of magnet behavior should be kept in a moni-
tored environment until the ICD is interrogated and found to be
working appropriately. For cases where there is no generator or
lead alert/recall, no monopolar ESU for the case, no planned
blood transfusions, and limited fluid administration (which is not

well defined) expected for the case, and no issues discovered at
the preoperative ICD interrogation, this author’s practice includes
no deactivation of the ICD for the case, although magnet place-
ment (assuming prior verification of magnet function) can be
acceptable to prevent inappropriate ICD discharge.53

4. Postoperative device interrogation: In general, a postoperative device
check ensures that no issues arose during the case. It also allows
any data (such as noise that gets interpreted as an arrhythmia or
lead problem) to be cleared from the generator memory. It is
required in any case wherein an ICD was disabled to tachyar-
rhythmia therapy by programming, and it should be the standard
of care for any patient exposed to EMI. For any case where no
monopolar ESU was used, no blood was transfused, limited fluid
was administered for the case, and no issues were identified
during the case, this author’s practice includes no postoperative
generator check.53

5. The monopolar electrosurgery current return pad: Although no con-
troversy has been described, common practice among operating
room personnel involves the placement of this pad on the
patient’s thigh, regardless of the surgical site. For monopolar ESU
use superior to the umbilicus, this placement creates an ESU
current path that can include the generator, leads, or both. Strong
EMI from the ESU remains the principle enemy of an implanted
generator, and the current return pad should be placed to prevent
induced current in the leads. As a result, for surgery in the head
and neck area, the pad should be placed on the posterior-superior
shoulder contralateral to the site of the generator. This shoulder
site is acceptable for surgery on the chest wall (such as mastec-
tomy) contralateral to the generator as well. For surgery on the
chest wall ipsilateral to the generator, the pad should be placed
on the ipsilateral arm and the return wire should be prepped
into the field, if necessary, with a sterile, occlusive covering.
This sterile wire can then be run superiorly along the arm
to the shoulder, made stationary, and then run to the ESU
generator.
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 When Should Pulmonary
Function Tests Be Performed
Preoperatively?

Anthony N. Passannante, MD, and Peter Rock, MD, MBA
INTRODUCTION

Pulmonary complications remain common after many
surgical procedures, particularly those involving the upper
abdomen or thorax.1 Research concerning the diagnosis
and prevention of perioperative cardiac complications
after anesthesia and surgery has led to evidence-based
intervention strategies such as widespread implementa-
tion of perioperative beta-blocker administration.2 The
situation regarding pulmonary complications is different.
Many of the preoperative factors that make pulmonary
complications more likely are known. A recent comprehen-
sive review breaks down risk factors into those associated
with the patient and those associated with the surgical pro-
cedure. Patient-associated risk factors include advanced
age, American Society of Anesthesiologists (ASA) class 2
or higher, functional dependence, chronic obstructive
pulmonary disease, smoking, and congestive heart fail-
ure. Surgical procedures associated with increased risk
of pulmonary complications include aortic aneurysm
repair, thoracic surgery, abdominal surgery, neurosurgery,
emergency surgery, head and neck surgery, vascular
surgery, and prolonged surgery.3 Unfortunately, most of
these risk factors are not modifiable in the preoperative
period. Smoking cessation can safely be encouraged, but
acute benefits from cessation are small.4

Perioperative care has changed significantly in the past
10 years, with the time between preoperative evaluation
and surgery now often very brief. Surgical interventions
themselves have changed significantly, often in ways that
presumably reduce the likelihood of postoperative pulmo-
nary complications. For example, the widespread applica-
tion of laparoscopic techniques for many abdominal
procedures may improve postoperative pulmonary func-
tion,5 and the introduction and widespread application
of video-assisted thoracic surgery and lung-volume
reduction surgery has transformed patients who would
have been previously told that their pulmonary function
was “too bad” for surgery into operative candidates.
In addition, the move toward very rapid ambulation and
discharge from the hospital has ramifications that may
positively affect those patients whose pulmonary function
is improved by rapid resumption of the upright posture,
and have negative implications for those who clear their
secretions poorly at home.

Unfortunately, there is no standard definition of what
constitutes a postoperative pulmonary complication. This
hinders comparison of historical case series. Reported rates
of pulmonary complications vary widely depending on
the patient population studied and the surgical inter-
vention studied.3,6,7 The most important complications
are those that cause significant morbidity such as pneumo-
nia or respiratory failure. Preoperative pulmonary function
tests have not been useful in performing better than clinical
predictors in identifying patients who go on to develop
clinically significant pulmonary complications.3

These issues, coupled with the relative insensitivity of
pulmonary function testing in identifying patients who
are going to experience complications, have resulted in
more restrictive indications for preoperative pulmonary
function testing than 20 years ago. An economic analysis
entitled “Blowing Away Dollars” cast significant doubt
on the practice of routine spirometric analysis before
abdominal surgery.8 However, it is clear that the inci-
dence of pulmonary complications is increased in patients
with preexisting pulmonary disease.9 It is also clear that
the physical examination is not very sensitive in detecting
mild to moderate pulmonary disease.10 Likewise, clini-
cians are not particularly accurate in estimating the
severity of an exacerbation of chronic obstructive pulmo-
nary disease (COPD).11 There has been a significant shift
away from ordering spirometry except in very specific cir-
cumstances (thoracic surgery and severe COPD). It may
be that it is too much to expect a simple diagnostic test
such as spirometry to result in improved outcome when
outcome is, in reality, such a complex endpoint.

Some would argue that the ready availability of thera-
peutic options for bronchospasmmayminimize the benefit
of preoperative knowledge of the presence and severity of
chronic or episodic pulmonary disease. These develop-
ments may be tied to the decline in use of preoperative pul-
monary function tests, but it is more likely that as the use of
spirometry to determine who was eligible or ineligible for
surgical intervention went out of vogue (due largely to
poor correlation between predicted postoperative forced
expiratory volume in 1 second [FEV1] and measured
95
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postoperative FEV1), the enthusiasm clinicians felt toward
ordering and interpreting the tests diminished.

As there are no meta-analyses or modern randomized,
placebo-controlled therapeutic trials to review concerning
preoperative pulmonary function tests, this chapter will
review the evidence that does exist, and suggest a rational
strategy for the utilization of preoperative pulmonary func-
tion tests. The fact that a noninvasive diagnostic test such as
spirometry has not been shown to improve clinical outcome
does not mean that it should never be ordered.

PULMONARY FUNCTION TESTING
AND THERAPEUTIC OPTIONS

The term pulmonary function test is very broad. Examples
of pulmonary function tests include measures of anatomic
volumes, resistance to airflow, reversibility of increased
airway resistance, and assessment of pulmonary reserve.
Available tests include spirometry, flow volume loops,
assessment of membrane surface area available for gas
transport via diffusion capacity of the lung for carbon
monoxide (DLCO), assessment of cardiopulmonary
reserve by exercise testing, ventilation-perfusion scintigra-
phy, and split-function lung studies. For most clinical
situations an anesthesiologist encounters, the pertinent
tests will be spirometry and exercise testing. Patients
about to undergo pulmonary resection may require more
extensive evaluation, depending on the severity of their
lung disease and on the magnitude of the planned pulmo-
nary resection.12 Reviews of individual tests are readily
available for additional detail.13-20

Spirometry is a very low-risk, effort-dependent test
that can be performed in a physician’s office. Spirometric
measurements such as the forced expiratory volume in 1
second (FEV1), vital capacity (VC), and forced vital capac-
ity (FVC) are well known to many clinicians. Spirometry
is sensitive and specific for the accurate diagnosis of
obstructive respiratory disease, and it may allow estima-
tion of the effectiveness of bronchodilators in an individ-
ual patient. Diagnosis of restrictive lung disease requires
measurement of lung volumes.

The second set of options that must be discussed are
the therapeutic options. Pulmonary function tests allow
accurate categorization of a patient’s pulmonary disease.
Accurate diagnosis should allow for effectively targeted
preoperative therapy. The therapeutic options available
for pulmonary disease are well described. Antibiotics
can effectively treat pulmonary infection, bronchodilators
(both beta-agonists and anticholinergics) can effectively
treat bronchoconstriction, and steroid therapy may be
helpful for subgroups of patients with asthma and COPD.
Aggressive treatment with mechanical measures such as
incentive spirometry can help minimize the frequency of
postoperative pulmonary complications after abdominal
surgery, but perhaps not after coronary artery bypass
grafting.7,21-23 A recent review of strategies to reduce
postoperative pulmonary complications finds good evi-
dence to support the postoperative use of lung expansion
interventions (incentive spirometry, deep-breathing exer-
cises, continuous positive airway pressure), fair evidence
to support the selective use of nasogastric tubes after
abdominal surgery and the use of short-acting neuro-
muscular blockers intraoperatively, and conflicting evi-
dence concerning smoking cessation, epidural analgesia
or anesthesia, and the use of laparoscopic surgical techni-
ques.24 Specific pulmonary rehabilitation programs have
proven beneficial in improving cardiopulmonary capacity
and may be useful in preparing patients for surgical
intervention.25

EVIDENCE

There is no evidence of a beneficial effect from preopera-
tive pulmonary function testing in asymptomatic patients
having nonthoracic surgery. There is evidence that abnor-
mal pulmonary function tests identify a group of patients
who have a higher incidence of postoperative pulmo-
nary complications.9,26-29 Although historically pulmonary
function testing was used to identify patients who were
thought to be at excessive risk, recent experience shows
that some patients with chronic hypercapnia (often used
as a marker signifying inoperability) can safely undergo
lung-volume reduction surgery.30 As surgical practice
has become more aggressive in patients with emphysema,
it has become clear that removing a nonfunctional seg-
ment of pulmonary parenchyma can be surprisingly well
tolerated.31 However, there is also evidence that low
FEV1, in combination with knowledge of the homogeneity
of emphysema or an estimate of carbon monoxide dif-
fusing capacity, identifies patients at prohibitive risk from
lung-volume reduction surgery.32 There is also evidence
that a surprisingly high percentage, 37% in one series,
of patients may still be denied potentially curative lung
cancer resection for non–small cell lung cancer on the
basis of poor preoperative pulmonary function tests.33

Exercise testing is useful for examining cardiopulmo-
nary integration and reserve, and it may allow identifica-
tion of patients who are more likely to survive major
thoracic surgical procedures.34,35 Although formal exer-
cise testing remains the gold standard for assessment of
the maximal rate of total body oxygen consumption
(VO2max) and cardiopulmonary function, it is expensive,
it is labor intensive, and it is not necessary in patients
who can give a clear history of adequate exercise toler-
ance. If a patient cannot walk more than 2000 feet in 6 min-
utes, the patient’s VO2max is likely to be less than 15 mL/
kg/min.36 Exercise oximetry also shows promise in identi-
fying patients who are at high risk of adverse outcomes.37

A predicted postoperative VO2max of less than 10 mL/
kg/min may be one of the few remaining contraindica-
tions to pulmonary resection, because the reported
mortality rate in this group of patients was 100% in one
study.38 Additional research is necessary to refine recom-
mendations for preoperative estimation of cardiopulmo-
nary reserve, but it appears that physiologic testing may
offer advantages over simple spirometry in identifying
patients at very high risk.37,39 A recent study suggests that
poor performance on exercise testing predicts patients
who will experience extended stays after thoracic sur-
gery.40 The overall strength of the respiratory musculature
is doubtless important as well, and efforts to increase the
strength of the respiratory musculature may be helpful.41



Table 16-1 Evidence on Pulmonary Function
Testing

Preoperative spirometry is not useful if the preoperative history
and physical is normal.

Preoperative spirometry can classify undiagnosed lung disease
accurately.

Preoperative pulmonary function testing allows clinicians to
accurately assess the severity of lung disease in a patient with
known preexisting lung disease.

Preoperative pulmonary function testing is well established in the
preoperative workup of patients about to undergo pulmonary
resection.

Preoperative spirometry should not be used in isolation to declare
a patient ineligible for potentially curative surgical intervention,
but can be used as a first step in an evaluation that includes a
more global assessment of cardiopulmonary function, such as
formal or informal exercise testing.

The evaluation of patients undergoing lung-volume reduction
surgery is evolving. These patients are at very high risk, and
it is likely that sophisticated anatomic, radiographic, and
physiologic testing will be necessary to guide medical decision
making in this patient group.
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There is now evidence that a rigorous preoperative
pulmonary rehabilitation program directed at increasing
exercise ability can improve patient well-being before sur-
gery, may increase the number of frail patients with pul-
monary disease who can reasonably undergo potentially
curative thoracic surgery, and decrease postoperative
pulmonary complications after cardiac surgery.42-44

AREAS OF UNCERTAINTY

There are many areas of uncertainty regarding when
pulmonary function tests should be ordered preopera-
tively. In the absence of controlled clinical trials that dem-
onstrate that pulmonary function testing is associated
with improved outcome, it is difficult to recommend pul-
monary function tests as a necessary prerequisite for any
patient or surgical procedure. However, spirometry is
inexpensive to obtain, very low risk, and accurate in diag-
nosing what may be clinically occult pulmonary disease.
Although abnormal spirometry allows identification of a
group of patients at elevated risk of pulmonary complica-
tions, it is poor at attempting to stratify risk among the
patients at elevated risk.

GUIDELINES

The American College of Physicians offered the following
guidelines in 1990, and they continue to be widely cited
and followed. Patients undergoing lung resection may
benefit from pulmonary function testing (in order, and
as necessary, spirometry and arterial blood gas analysis,
split perfusion lung scanning or exercise testing, and
right-sided heart catheterization) as such testing may
allow risk assessment. With regard to cardiac and upper
abdominal surgery, it may be prudent to do preoperative
arterial blood gas analysis and spirometry in patients with
a history of tobacco use and dyspnea. However, the recent
evidence-based guidelines published by the ACP do not
recommend arterial blood gases.24 For lower abdominal
surgery, preoperative spirometry may be indicated for
patients with uncharacterized pulmonary disease, par-
ticularly if the surgical procedure will be prolonged or
extensive. For other types of surgery, pulmonary function
tests might be useful for patients in whom uncharacter-
ized pulmonary disease is present, particularly in those
who might require strenuous postoperative rehabilitation
programs.45

A set of guidelines aimed at reducing perioperative
pulmonary complications in patients undergoing non-
cardiothoracic surgery was published by the American
College of Physicians in 2006. The six recommendations
include screening for the patient-specific and procedure-
specific risk factors listed in the introduction section of this
chapter, screening for low serum albumin (an albumin less
than 35 g/L predicts an increased risk of postoperative pul-
monary complications), and the use of postoperative lung
expansion maneuvers and indicated postoperative nasogas-
tric tubes. The fifth recommendation states clearly that
preoperative spirometry and chest radiography should not
be used routinely for predicting postoperative pulmonary
risk. The last recommendation is that right-sided heart
catheterization and total parenteral nutrition should not be
used solely to attempt to reduce pulmonary complications
from noncardiothoracic surgery.46
AUTHORS’ RECOMMENDATIONS

It is clear that pulmonary function tests are not indicated in
patients with a normal history and physical examination under-
going nonthoracic surgery. At the other extreme, it is clear that
a wide variety of pulmonary function tests are useful in patients
with chronic pulmonary disease undergoing lung volume reduc-
tion surgery, or a patient with marginal pulmonary function
who has a thoracic malignancy. The authors believe that there
has been an excessive shift against ordering and interpreting pul-
monary function tests in patients between these two extremes.
After all, the only accurate way to assess blood pressure is to mea-
sure it, and the only accurate way to identify obstructive or
restrictive ventilatory impairments is to measure them with pul-
monary function tests.47 When there is doubt about the presence
or absence of pulmonary disease, pulmonary function testing
can end the doubt with little or no risk to the patient. Clinicians
should not feel compelled to avoid pulmonary function testing
when there is legitimate diagnostic uncertainty present after a
thorough history and physical examination (Table 16-1).
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17
 Does the Airway Examination
Predict Difficult Intubation?

Satyajeet Ghatge, MD, and Carin A. Hagberg, MD
INTRODUCTION

Difficult airway management is one of the most chal-
lenging tasks for anesthesiologists. Recent data from the
American Society of Anesthesiologists (ASA) Manage-
ment Closed Claims Project, specifically those findings
related to the difficult airway, demonstrate that the per-
centage of claims resulting from adverse respiratory
events, though on the decline (42% in the 1980s to 32%
in the 1990s),1 continue to constitute a large source of
injury. A closed claims analysis of the management of
the difficult airway published in 2005 showed that out
of the 179 claims made between 1985 and 1999 (n ¼ 179),
87% (n ¼ 156) of claims came from the perioperative
period. More recent closed claims analyses demonstrated
that claims resulting in death and brain damage from dif-
ficult airway management were associated with induction
of anesthesia but not other phases of anesthesia decreased
from 1993 to 1999, as compared to 1985 to 1992.2 In 2006, a
closed claims analysis of trends in anesthesia-related
death and brain damage showed an overall reduction in
claims for death or brain damage between 1975 and 2000
(odds ratio [OR] 0.95 per year; 95% confidence interval
[CI], 0.94 to 0.96, p <0.01). Out of all the respiratory events
(n ¼ 503) responsible for death or brain damage, difficult
intubation (n ¼ 115), inadequate oxygenation (n ¼ 111)
and esophageal intubation (n ¼ 66) were the top three
causes.3

Of the three types of adverse respiratory events
reported, claims for inadequate ventilation and esopha-
geal intubation decreased significantly in the 1990s (9%
as compared with 25% of claims for death and brain dam-
age in the 1980s), possibly as a result of pulse oximetry
and end-tidal carbon dioxide monitoring. Yet the propor-
tion of claims for difficult intubation (a technical act,
uninfluenced by monitoring) and other respiratory events
leading to death or brain damage remained relatively
stable between the 1980s and 1990s (9% and 8%, respec-
tively). Of the adverse respiratory events, three quarters
were judged to be preventable. Thus it is possible that
better prediction of and preparation for difficult airway
management might lead to a reduction in these numbers.

Anesthesiologists are confronted daily with the difficult
task of determining whether or not a patient will present
increased difficulty for endotracheal intubation. Preopera-
tive evaluation of the airway can be accomplished by a
thorough history and physical examination, as related to
the airway, and various measurements of anatomic fea-
tures and noninvasive clinical tests can be performed to
enhance this assessment. Nonetheless, several reports have
questioned whether true prediction is possible.4-6
DESCRIPTION OF TERMS

Four terms are important to a review and analysis in this
area: failed intubation, difficult intubation, difficult laryngos-
copy, and difficult mask ventilation. The ASA Task Force
on Management of Difficult Airway suggests the follow-
ing descriptions:7

Failed intubation, or the inability to place the endotra-
cheal tube (ET) after multiple intubation attempts, is a
clear-cut endpoint. Thus there is a fairly uniform reported
incidence of approximately 0.05% or 1:2230 of surgical
patients, and of approximately 0.13% to 0.35% or 1:750
to 1:280 of obstetric patients.8,9

Difficult tracheal intubation (DI) is described as intu-
bation when tracheal intubation requires multiple
attempts, in the presence or absence of tracheal pathology.
The incidence of DI is higher than failed intubation and
has been reported as 1.2% to 3.8 %.10-13

Difficult laryngoscopy (DL) is described as not being
able to visualize any portion of the vocal cords after mul-
tiple attempts at conventional laryngoscopy, and many
investigators include grades III and IV or grade IV alone,
according to the Cormack-Lehane original grading of the
rigid laryngoscopic view14 (Figure 17-1). According to
these definitions, the incidence of difficult direct laryngos-
copy varies from 1.5% to 13% in patients undergoing
general surgery.8,15-21

Difficulty in performing endotracheal intubation is the
end result of difficulty in performing laryngoscopy, which
depends on the operator’s level of expertise, patient char-
acteristics, and circumstances. Thus it has been suggested
that the definition of difficult intubation be based on a
uniform understanding of the best attempt at performing
laryngoscopy/intubation and should use the number of
attempts and time as boundaries only.22 The best attempt
should incorporate the effect of changing the patient’s
position; the effect of changing the length or type of
laryngoscope blade; and the effect of simple maneuvers,
such as conventional cricoid pressure, backward, upward,
rightward pressure (BURP), and optimal external laryngeal
manipulation (OELM).
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Original Cormack-
Lehane system

I
Full view of
the glottis

E
LI

II
Partial view of the

glottis or arytenoids

III
Only epiglottis
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IV
Neither glottis nor
epiglottis visible

I
As for original

Cormack-
Lehane above

IIa
Partial view of

the glottis

IIb
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III
As for original
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IV
As for original
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View at
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Figure 17-1. Cormack-Lehane Original Grading System Compared with a Modified Cormack-Lehane System (MCLS) E, epiglottis; LI, laryn-
geal inlet. Reproduced with permission from Yentis SM, Lee DJH: Evaluation of an improved scoring system for the grading of direct laryngscopy. Anes-
thesia 1998;53:1041-1044.
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Difficult mask ventilation (DMV) is a condition in
which it is not possible for the anesthesiologist to provide
adequate face mask ventilation due to one or more of the
following problems: inadequate mask seal, excessive gas
leak, or excessive resistance to the ingress or egress of
gas.23 It is clear from clinical experience that there are
grades of difficulty, similar to difficult intubation. The
incidence of DMV also varies in the literature from
0.01% to 5%.12,13,24,25

Difficult laryngeal mask airway ventilation (DLMAV)
is a situation in which difficulty is experienced in ventilat-
ing and oxygenating a patient on a laryngeal mask airway
(LMA). Even though not defined by ASA, researchers have
defined this as inability to place the LMA in a satisfactory
position within three attempts to allow adequate ventila-
tion and airway patency. Indices of clinically adequate
ventilation are generally expired tidal volume greater than
7 mL/kg and leak pressure greater than 15 to 20 cm H2O.
Verghese and Brimacombe,26 in their study of more
than 11,000 patients, had a failure rate of 0.16%.

Descriptive Terms Used for Predicting
Difficult Airway

Five terms are commonly used to analyze the usefulness
of predictive tests.27

Sensitivity: Identifies all difficult intubations as being
difficult. A sensitivity of 90% indicates that 90% of
difficult intubations will be identified as difficult and
10% will be missed and falsely stated as not difficult/
normal. Ideally, sensitivity should be 100%.

Specificity: Identifies all normal intubations as being nor-
mal. A sensitivity of 90% indicates that 90% of normal
patients will be identified as normal and 10% will be
falsely identified as difficult. Ideally, specificity should
be 100%.

Positive predictive value (PPV): The percentage of
patients who are true difficult intubations from all
those predicted by the test to be difficult intubations.
If the test predicts 20 difficult intubations and only 4
are actually difficult, the PPV for the test is 20%. Even
though PPV is a useful test, it is limited by the fact that
it is dependent on the prevalence of difficult intubation
in the sample group.
Likelihood ratio (LR): This is a useful term and can be
calculated very quickly using sensitivity and specificity
only. It is the chance of a positive test if the person is a
difficult intubation divided by the chance of a positive
test if the patient was normal. LR is sensitivity/1 �
specificity. It can be seen as a factor that links pretest
probability to posttest probability of difficult intubation
using a nomogram.

Receiver operating characteristic curves (ROCs): These
help in determining the best predictive scores. The
ROC has sensitivity on the y-axis and 1 � specificity
on the x-axis. The test with greatest area under the
curve is the better one.
PREDICTION OF THE DIFFICULT AIRWAY:
THE PROBLEM

There has been a heightened awareness of and a steady
rise in the amount of literature being published on the rec-
ognition and prediction of the difficult airway. To evalu-
ate the evidence supporting the various methods of
prediction of the difficult airway, it is important to realize
the actual endpoints and their effect on patient outcome,
in terms of mortality or brain death. The frequency of air-
way difficulty varies according to the population studied
and the definition of difficult intubation used.13 There is
no universally accepted definition of difficult intubation.
Most of the larger studies concentrate on difficult intuba-
tion, broadly defined by difficult rigid laryngoscopic view
(Cormack-Lehane grades III and IV or grade IV only),
without the best attempt used. To be useful, a classification
of laryngeal view should predict difficulty (or ease) of
tracheal intubation, requiring the views to be associated
with increasing degrees of intubation difficulty. Yet, in a
study of 1200 patients, Arne and colleagues10 found that
there was a significant difference between the incidence
of Cormack-Lehane grades III and IV laryngoscopic view
and the occurrence of difficult intubation in the general
population, as many of the grade III and IV views were
actually easy intubations. Thus one of the problems in
the prediction of the difficult airway is that a difficult
intubation is often not identified until laryngoscopy is
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performed and, as mentioned previously, there are discre-
pancies in the literature as to what defines difficulty.

Several authors have suggested the modification of
the four-grade Cormack-Lehane scoring system21,28,29

(see Figure 17-1), which classifies the laryngeal view
during laryngoscopy. This widely adopted classification
system was described to allow simulated difficult intuba-
tion, yet it is applied inaccurately by the majority.30 Yentis
and Lee29 modified this scoring system by subdividing a
grade II laryngoscope view into IIa (partial view of glottis
visible) and IIb (only arytenoids visible). This five-grade
classification is referred to as the modified Cormack-
Lehane system (MCLS) and allows refining the definition
of difficult laryngoscopy as including IIb, III, and IV29

(Figure 17-2). Koh and colleagues30 found that this sys-
tem better delineated the difficulty experienced during
laryngoscopy and intubation than the four-grade Cormack-
Lehane system. Thus the true incidence of difficult laryn-
goscopy may be underestimated, because it excludes
a subgroup of the original grade II (IIb), which may be
difficult to manage.

Cook32 further divided the Yentis and Lee modified
systems into 3a (epiglottis can be seen and lifted) and 3b
(epiglottis visualized but cannot be lifted); thus it consists
of six grades, divided into three functional classes: easy,
restricted, and difficult. Easy views were defined as when
the laryngeal inlet is visible and thus suitable for intuba-
tion under direct vision (grades 1 and 2a). Restricted views
were defined as when the posterior glottic structures
(posterior commissure or any arytenoid cartilages) are vis-
ible or the epiglottis is visible and can be lifted (grades 2b
and 3a). These views are likely to benefit from indirect
intubation methods (e.g., gum elastic bougie). Difficult
views were defined as when the epiglottis cannot be lifted
or when no laryngeal structures are visible, which are
likely to need specialist methods for intubation and may
need to be performed blindly (grades 3b and 4). Cook pro-
poses that this three-category classification system is of
more practical value and has greater discrimination than
Cormack-Lehane’s. He found that an easy view predicts
easy intubation in 95% of cases and has less than 3% need
of any intubation adjuncts. A difficult view is associated
with difficult intubation in three quarters of cases, and
specialist intubation techniques are likely to be required.
Between these extremes, a restricted view is likely to
require the use of a gum bougie, but no other adjuncts.

It would be useful to predict difficult intubation before
it occurs, but no preoperative test has adequate sensitivity
to identify most cases without substantial false positives.33
Class I Class II Class III Class IV

Figure 17-2. Modified Mallampati Classification.
Several prospective studies have identified various indi-
vidual characteristics, which have significant association
with laryngoscopic or intubation difficulties.9,13,18,20,34-38

Sensitivity and positive predictive values (PPVs) of these
individual variables are low, ranging from 33% to 71%
for specificity. Several combinations of these variables
have been shown to be more effective predictors of
difficult intubation.

To make a meaningful evaluation of the available liter-
ature, it is important to make an assumption about a
reasonable level of expectancy in terms of sensitivity and
specificity of the tests used for prediction of difficult
intubation. Thus, in order to predict at least 9 out of 10
difficult intubations, a sensitivity of 90% will be required.
And, if we assume that one false alarm a week is accept-
able, in a hypothetical practice of 10,000 cases a year, it
would correspond to a specificity of 99.5%.39 A number
of investigators have attempted to achieve the goal of
predicting difficult laryngoscopy or difficult intubation,
or both, by combining different predictors and deriving
multivariate indices so that the occurrence of false
negatives is decreased and the PPVs are increased.10,12,25

Yet, to date, no single multifactorial index can be applied
to all of the various surgical populations. Also, most, with
the exception of Wilson’s index, have not been validated
prospectively.19,21

New investigative modalities, including x-rays, ultra-
sound, and three-dimensional computed tomography
(CT) scans of the airway, have been proposed to help
predict a difficult airway.32,40 A recent review performed
by Sustic41 suggests that ultrasound can be used to assess
anatomy of the upper respiratory organs and possibly
assist in various applications of airway management.

The Upper Lip Bite Test (ULBT),42 a new, simple
clinical bedside test performed by having the patient
attempt to bite his or her own upper lip, has recently been
suggested to aid in the prediction of difficulty with intu-
bation. A recent external prospective evaluation of the
reliability and validity of ULBT demonstrated that the
interobserver reliability was better than the Modified
Mallampati Score (Mallampati classification, as modi-
fied by Samsoon and Young9). They also found that
they could not use the test on edentulous patients (11%
of total 1425 patients), and concluded that like the Modi-
fied Mallampati Score, the ULBT was a poor predictor
when used as a single screening test.43

Additionally, advanced computing techniques over the
last decade have improved statistical analysis, allowing
improved testing of variables for successful prediction of
the difficult airway.23 Nonetheless, given the low inci-
dence of difficult intubation and the wide variation in
acceptable definitions of airway terms, it is difficult to
compare different studies and perform a meta-analysis
of the predictors of difficult airway management.

EVIDENCE

History

After thorough review of the literature, there is insuffi-
cient published evidence to evaluate the effect of either a
bedside medical history or of reviewing prior medical
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records on predicting the presence of a difficult airway.
According to the ASA Task Force, there is suggestive
evidence (as defined by the ASA that there is enough
information from case reports and descriptive studies
to provide a directional assessment of the relationship
between a clinical intervention and a clinical outcome)
that some features of both may be related to the likelihood
of encountering a difficult airway.7

Many congenital and acquired syndromes are asso-
ciated with difficult airway management, some of which
are listed in Table 17-1. Also, certain disease states, such
as obstructive sleep apnea44 and diabetes,45 have been
suggested to correlate with an increased risk of difficult
intubation. Trauma to the airway, either caused by
external forces or iatrogenic from routine endotracheal
intubation, may also be associated with difficult airway
management. Recently, Tanaka and colleagues46 demon-
strated increased airflow resistance attributable to intrao-
perative swelling of the laryngeal soft tissues in patients
who were normal (easy) airways and underwent routine
tracheal intubation. Others have observed serious laryn-
geal injuries (e.g., vocal cord paralysis, arytenoid cartilage
subluxation, laryngeal granulomas, and scars) following
short-term intubation and anesthesia.47 Additionally, the
ASA Task Force found that a previous history of difficult
airway management offers clinically suggestive evidence
that difficulty may recur.7

Physical Examination

Single Predictors of Difficult Laryngoscopy/
Intubation

The ability of a specific test to predict a difficult intubation
is decreased by the variability of definitions of difficult
laryngoscopy and intubation and the inherent inaccu-
racy of numeric grading systems.30 Nonetheless, several
investigations have identified anatomic features that
have unfavorable influences on the mechanics of direct
laryngoscopy and endotracheal intubation (Table 17-1).
The majority of anesthesiologists rely on predicting diffi-
cult intubation mainly as a result of several preoperative
bedside screening tests.
Mallampati Classification. The Mallampati classification
(MPT)48 focuses on the relative visibility of oropharyngeal
structures when the patient is examined in the sitting
position with the mouth fully opened, the tongue fully
extended, and without phonation. Samsoon and Young9

modified (MMP) the originally proposed three oropharyn-
geal classes to four classes (see Figure 17-2), yet Ezri49 and
Maleck50 further suggest adding a fifth class, class 0,
defined as the ability to visualize any part of the epiglottis
on mouth opening and tongue protrusion. Samsoon and
Young’s method is by far the most widely investigated
method of airway evaluation and its association with dif-
ficult intubation. The practical value of this method lies in
its ease of application, yet practitioners often perform this
examination in the supine position with or without pho-
nation. A wide range of observations shows that this
method is subject to significant interobserver variability.
Overall, the literature suggests that the true sensitivity of
the Mallampati classification, as modified by Samsoon
and Young, is most likely between 60% and 80% and the
true specificity between 53% and 80%, with a PPV of
approximately 20%. A recent meta-analysis of the accu-
racy of Mallampati classification found substantial differ-
ences and variabilities in reported sensitivity and
specificity values. Overall accuracy of the test was poor
to good and depended on which version of the test and
reference tests were used.51 The meta-analysis also sug-
gested that the Mallampati test was a poor predictor of
difficult mask ventilation.51

Krobbuaban and colleagues52 found that Mallampati
Class III and IV had a sensitivity of 70% and specificity
of 60% with a PPV of 20.

Additionally, a recent study suggested that the best
way to perform Mallampati classification was by placing
the patient in the sitting position, with the patient’s head
in full extension, tongue protruded, and with phonation,
yet phonation did not influence the overall accuracy of
this classification.53

Mashour and Sandberg54 evaluated 60 patients first
with the Modified Mallampati (MMP) test and then
repeated the examination with craniocervical extension.
They found that by including craniocervical extension,
the MMP scores were reduced. Class 2 MMP became
Class 1.6, Class 3 became 2.6, and Class 4 became 3.5.
The sensitivity remained the same but the specificity
improved from 70% to 80%. The PPV increased from
24% to 31% and negative predictive value (NPP) increased
marginally from 97% to 98%.54

A recent study of 1956 patients determined that
the Mallampati classification is insufficient in predicting
difficult intubation on its own.55

Thyromental Distance. The concept of thyromental dis-
tance (TMD), noted as the distance between the chin and
the notch of the thyroid cartilage, was described by Patil
and associates in 1983.23 They proposed that this distance
should be 6.5 cm in the normal adult and that if this dis-
tance is less than 6 cm, there may be intubation difficul-
ties. Among all the morphometric measurements, TMD
has been questioned the most for its value in predicting
difficult intubation.56 The sensitivity of this test is between
60% and 80% with a specificity of 80% to 90% in some
studies.9,13,31,32 Arne and colleagues10 and El-Ganzouri
and colleagues25 found the test to be highly insensitive
(sensitivity 16% to 17%), but very specific (specificity
95% to 99%) with a PPV of 12% to 16%, if a more stringent
definition of difficult intubation involving best attempt
(with OELM) is applied.

Recently, the role of TMD has been challenged by some
authors.5,6 Chou and Wu6 suggest that the receding man-
dible, one of the two components of a micrognathic man-
dible, is not the real cause for difficult laryngoscopy in
these patients, thus TMD is irrelevant. Wong and Hung57

studied TMD, along with the Mallampati classification
and atlanto-occipital extension (AOE), and demonstrated
the limitation of absolute anatomic measurements in their
study involving Chinese women. The optimal TMD crite-
rion was 5.5 cm in this study, to achieve a sensitivity of
71% and specificity of 83%, yet the PPV was only 7.5%.57

Schmitt and colleagues58 attempted to adjust this mea-
surement to the patient’s size and proposed the ratio of
the patient’s height to thyromental distance. Using the
receiver operating characteristic curve, they found a cutoff



Table 17-1 Evidence of Single Predictors of Difficult Intubation

Predictors Study # Patients Incidence (%)
Sensitivity
(%)

Specificity
(%)

Positive
Predictive
Value (%)

Negative
Predictive
Value (%)

Definition of
Difficult
Intubation*

Best
Attempt Population

Mallampatti
III or IV

Arne, 199810 1200 4 78 85 19 99 4 þ General þ
ENT

Savva, 199420 355 1.14 64.7 66.1 8.9 1, 3 and 4 þ General þ
OB (10%)

Oates et al.,
199119

675 1.8 42 84 4 � General

Butler & Dhara,
199215

220 8.2 56 81 21 � General

Frerk, 199116 244 4.5 81 82 17 � General

Rose & Cohen,
199413

18558 1.8 Relative Risk - 4.5 3 >

2 attempts
� General

Voyagis, 199869 1833 8.3 88.1 37.2 Original **
1

� Obese
General86.8 50 Modified **

Bergler et al.,
199744

91 10 60 72 � Gerneral þ
ENT

Brodsky, 200272 100 12 58.3 70.5 1 & 3 � Morbidly
Obese

Khan et al.,
200342

300 5.7 82.4 66.8 13 98.4 1 � General

Yamamoto
et al., 199781

3680 1.3 67.9 52.5 2.2 1 þ General

El-Ganzouri
et al., 199625

10507 1 44.7
89

21
96.1

1
þ

General

59.8 4.4 2

Wong et al.,
199957

411 1.99 85.7 62.6 3.8 99.6 1 � Chinese ♀

IV Only

Savva, 199420 355 1.14 52.9 87 1, 3 & 4 þ General þ
OB (10%)

Wong et al.,
199957

28.6 98.3 22.2 98.8 1 � Chinese ♀

TMD

<6 Butler & Dhara,
199215

220 8.2 62 25 16 � General

Continued
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Table 17-1 Evidence of Single Predictors of Difficult Intubation—Cont’d

Predictors Study # Patients Incidence (%)
Sensitivity
(%)

Specificity
(%)

Positive
Predictive
Value (%)

Negative
Predictive
Value (%)

Definition of
Difficult
Intubation*

Best
Attempt Population

<6 El Ganzouri,
199625 10507

1 7 99.2 38.5 94.3 1 þ
General

16.8 99 15.4 99.1 2

<6.5 Savva, 199420 355 1.14 65 81 15 1, 3 & 4 þ General þ
OB (10%)

<6.5 Arne, 199810 1200 4 16 95 12 96 4 þ General þ
ENT

<7 Frerk, 199116 244 4.5 91 82 19 � General

<7 Schmitt, 200258 270 5.9 81 73 1 þ General

RHTMD

25 Schmitt, 200258 270 5.9 81 91 1 þ General

SMD Savva, 199420 355 1.14 82.4 88.6 26.9 1, 3 & 4 þ General þ
OB (10%)

<12.5

NECK MOVEMENT

<80� El-Ganzouri,
199625

10137 1 10.4
98.4

29.5
94.4

1
General

16.78 7.9 2

<90� Arne, 199810 1200 54 85 14 98 General þ
ENT

AOE

<35� Wong, 199957 411 85 70 4.8 1 � Chinese ♀

Obesity

BMI > 30
kg/m2

Voyagis, 199869 1833 8.3 88.9 66.7 Obese

*Definition of Difficult Intubation:
1) Cormack and Lehane Grade III or IV
2) Cormack and Lehane Grade IV only
3) # of attempts
4) Special Techniques and Others
**Original ¼ tongue-protruded by the patient
Modified ¼ tongue-actively pulled out by anesthesiologist

TMD ¼ Thyromental distance
RHTMD ¼ Ratio
SMD ¼ Sternomental distance
AOE ¼ Atlanto-occipital extension
BMI ¼ Body mass index
ENT ¼ Ears, nose, & throat
OB ¼ Obstetric
♀ ¼ Female
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value to be 25 or greater for this ratio to predict difficult
laryngoscopy with a reasonable degree of sensitivity
(81%) and specificity (90%).

A recent meta-analysis performed by Shiga and collea-
gues59 stated, “the diagnostic value of thyromental dis-
tance proved unsatisfactory in their analysis.” They
determined that there was a wide range in the sensitivity,
which could possibly be due to different cutoff points (4.0
to 7.0 cm) They also found that the positive likelihood
ratio of TMD improved from 3.4 to 4.1 when a more strict
cutoff criterion (less than 6.0 cm) was applied.59

Recently, Krobbuaban and colleagues52 conducted a
prospective randomized study on 550 consecutive Thai
patients. They found that the ratio of height to thyromen-
tal distance (RHTMD) had higher sensitivity (77%), higher
PPV (24%), and fewer false negatives (16%). They also
found that RHTMD greater than or equal to 23.5, neck
movement less than 80 degrees, and MMP III-IV were
major predictors of difficult laryngoscopy. Rosenstock
and colleagues60 found that the interobserver agreement
for TMD and neck mobility was low.
Hyomental Distance. Hyomental distance (HMD), a mea-
surement from the tip of the chin to the hyoid cartilage,
has also been considered one of the predictors of difficult
intubation. Both TMD and HMD give an idea of the avail-
able space for the tongue during laryngoscopy. In an inves-
tigation involving 12 cadavers and 334 patients, Turkan and
colleagues4 found that mean HMDs were less than the
stated limit of 7 cm61 and that HMD was the only objective
variable not affected by age, by using cervical spine radio-
graphs of patients in the neutral position. However, both
McIntyre62 andRandall56 demonstrated that radiologicmea-
surements have not been able to provide sensitive criteria
for prediction of difficult intubation, and that radiographic
studies were, at best, regarded valuable in understanding
problems encountered during laryngoscopy.
Sternomental Distance. Sternomental distance (SMD), a
measurement from the tip of the chin to the sternal notch,
normally greater than 12.5 cm, was suggested by Savva20

to predict difficult intubation if less than 12 cm with max-
imal head extension. Savva20 found this measurement to
be both more sensitive and more specific than TMD and
that this measurement may give a more accurate estimate
of head extension. This measure functionally “added” the
atlanto-occipital joint into the physical evaluation of the
airway.63 Ramadhani and colleagues64 suggested that
SMD was a superior measurement, as compared to others,
by showing that SMD had an increased sensitivity (71.1%)
and specificity (66.7%) for predicting subsequent difficult
laryngoscopy and it was unaffected by age. However,
the patient group in their study was limited to women
of childbearing age only. Turkan and colleagues,4 on
the other hand, demonstrated that SMD measurements
were affected both by age and gender, as both younger
(20 to 30 years) and male patients had longer SMD
measurements.

In their meta-analysis, Shiga and colleagues59 found
that SMD yielded moderate sensitivity and specificity. It
also yielded a high positive likelihood ratio and diagnos-
tic odds ratio.59 The negative likelihood ratio for SMD
was the lowest, suggesting that it could be the best single
test for ruling out difficult intubation. Nonetheless, their
study was based on only three studies that included
SMD.59

Neck Movement and Mouth Opening. Neck movement
and mouth opening have also been considered as vari-
ables in predicting difficult intubation. El-Ganzouri and
colleagues25 demonstrated that three single variables,
such as restricted head and neck movement, including
flexion and especially extension capability (less than
80�23 or less than 90�8), along with restricted mouth
opening (less than 4 cm23 or less than 5 cm8) and inability
to protrude the mandible have a significant association
with difficult intubation. The accuracy of the estimation
of AOE using the Bellhouse test has been questioned,
and similar to other clinical methods, is subject to wide
interobserver variability.65

Individual examinations and tests are subject to wide
interobserver variability, thus any evidence needs to be
evaluated accordingly. In a study involving 59 patients,
Karkouti and colleagues66 found that mouth opening
and chin protrusion had excellent interobserver reliability,
whereas seven tests (TMD, mandible subluxation, AOE
and angle, profile classification, ramus length, oropharyn-
geal best view) were only moderately reliable between
observers, and that the Mallampati technique of assessing
oropharyngeal view had poor interobserver reliability.67

Rosenstock and colleagues60 evaluated the interobserver
reliability of the Simplified Airway Risk Index (SARI). The
parameters used in SARI include mouth opening, TMD,
ability to protrude mandible, Mallampati score, head and
neck mobility, and body weight. Two pairs of assessors
(two specialists and two residents) performed the assess-
ment. They used five tests (out of a total of seven) from SARI
and evaluated 120 normal patients and 16 documented dif-
ficult intubation patients. They found good interobserver
agreement with mouth opening, Mallampati class, and
mandibular protrusion, whereas TMD and neck movement
had low levels of interobserver agreement.60

In Yildiz and colleagues’68 multicenter study, the most
sensitive criterion when used alone was mouth opening
(sensitivity of 43%). In their study, the incidence of diffi-
cult intubation was significantly higher in patients with
Mallampati class III-IV, a decreased average TMD and
SMD, decreased mouth opening, or decreased protrusion
of mandible (p <0.05). Combination of the tests did not
improve their results.68

Rose and Cohen13 analyzed the data regarding pro-
blems and prediction of difficult airway management in
18,500 patients and found that although the most common
single abnormalities noted were restricted neck movement
(3%) and decreased visualization of the hypopharynx
(2.2%), with a relative risk of 3.2 and 4.5, respectively,
decreased mouth opening (less than 2 fingers; relative risk
10.3) and shortened TMD (less than 3 fingers; relative risk
9.7) were the best single predictive factors of difficult tra-
cheal intubation.
Weight. Obesity has been studied as isolated body weight
(greater than 110 kg)25 or body mass index (BMI; greater
than 30 kg/m2)69 and shown to be associated with diffi-
cult laryngoscopy, especially when accompanied with a
large tongue (as assessed by Mallampati classification).
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Recently, Juvin and colleagues,70 in a study involving 134
lean (BMI less than 30 kg/m2) and 129 obese (BMI 35 kg/
m2 or greater) determined that difficult intubation is more
common among obese than nonobese patients by using
the Intubation Difficulty Scale (IDS) developed by Adnet
and colleagues,71 which includes both qualitative and
quantitative dimensions of difficult intubation. It is an
objective scoring system involving seven variables: num-
ber of intubation attempts, skill and experience of the
operators, alternative intubation techniques, glottic expo-
sure (Cormack-Lehane), lifting force applied to the laryn-
goscope, application of external laryngeal pressure, and
position of the vocal cords at intubation. In this study,
they defined two groups of patients according to the IDS
values: those with an IDS score less than 5 (easy and
slightly difficult) or 5 or greater (difficult). They found
that among the classic risk factors for difficult intubation,
only a Mallampati score of III or IV is a risk factor for dif-
ficult intubation in obese patients (odds ratio, 12.51, spec-
ificity of 62%, and PPV of 29%). They also determined that
the risk of hypoxemia is higher in obese patients during
anesthesia induction, and that further investigation is nec-
essary to identify the risk factors for difficult intubation in
this population.48

Shiga and colleagues59 found that the incidence of diffi-
cult intubation in obese patients (BMI greater than 30 kg/
m2) was more than three times higher than in normal
patients. Also, Cattano and colleagues55 found that obesity
had the highest sensitivity (32%) and PPV of 16 for predict-
ing difficulty of intubation. The same sensitivity (32%) was
found with a Mallampati score of class III-IV.

Brodsky and colleagues,72 on the other hand, studied
100 consecutive morbidly obese subjects (BMI greater than
40 kg/m2) and concluded that neither absolute body
weight (obesity) nor BMI is associated with intubation dif-
ficulties. Rather, they found that a large neck circumference
(measured at the level of the superior border of the cri-
cothyroid cartilage) of 40 cm showed a 5% probability
and of 60 cm showed a 35% probability of problematic
intubation, and high (III or greater) Mallampati scores
are the only predictors of potential intubation problems
in this patient population. Thus, whether tracheal intuba-
tion is more difficult in obese patients is debatable.

Komatsu and colleagues73 used ultrasound to quantify
anterior neck soft tissue thickness and predict difficult laryn-
goscopy in 64 morbidly obese patients (BMI �35 kg/m2).
They performed an ultrasound scan of the anterior neck
soft tissue and measured the distance from the skin to
the anterior aspect of the airway at the level of vocal
cords. In contrast to Brodsky’s findings, they concluded
that the thickness of pretracheal soft tissue at the level of
vocal cords is not a good predictor of difficult laryngos-
copy in both Caucasian and African-American obese
patients. In contrast, Ezri and colleagues48 studied Middle
Eastern patients and determined that soft tissue in the
neck did influence difficulty in intubation.

Additionally, Siegel and colleagues74 demonstrated
that ultrasound of the airway was a reliable, simple, and
comfortable method of identifying the mechanism of air-
way obstruction. The role of preintubation ultrasound
assessment elsewhere in the upper airway for the
detection of pharyngeal or laryngeal pathology, such as
tumors, abscesses, or epiglottitis, has also been stud-
ied.75,76 Because of these discrepancies in the literature,
convincing evidence to correlate soft tissue thickness of
the neck with difficult intubation does not exist.73

Combined Predictors of Difficult Laryngoscopy and
Intubation

Although no single factor has been shown to be a predictor
of difficult intubation on its own, it has been widely sug-
gested that combinations of factors improve predictability
of difficult intubation. Various combinations of individual
predictors have been studied and several multivariable
indices have been proposed (Table 17-2), but very few have
been prospectively evaluated for their efficacy. In his edito-
rial, Wilson33 concluded that no single test is likely to be a
perfect predictor of difficult intubation, and Bainton77 sug-
gests that the most satisfactory solution would be the “best
algebraic sum” of several tests.

Shiga and colleagues’59 recent study of bedside screen-
ing tests for predicting difficult intubation in apparently
normal people suggested that by combining the MPT
and TMD difficult intubation is predicted more accu-
rately. In their meta-analysis of 35 studies involving
50,760 patients, they found that MPT and TMD combined
have the highest discriminative power. Patients with 5%
pretest probability of DI showed a 34% risk of DI after
a positive result for the combination, 16% risk after a
positive result for MPT alone, and 15% risk for TMD
alone.59

Krobbuaban and colleagues52 found that RHTMD
greater than 23.5 (PPV 24, FN 16), Mallampati class III-IV
(PPV 20, FN 21), and neck movement less than 80� (PPV
22, FN 60) were the major factors in predicting difficult
laryngoscopy. RHTMD had a higher PPV, higher sensitiv-
ity, and fewer false negatives than the other factors. The
multivariate analysis odds ratios (95% confidence interval)
of the RHTMD, Mallampati class, and neck movement
were 6.72 (3.29 to 13.72), 2.96 (1.63 to 5.35), and 2.73 (1.14 to
6.51), respectively. The interincisor gap (less than 3.5 cm)
and TMD (less than 6.5 cm) were not recognized as inde-
pendent variables for difficult laryngoscopy.52

Matthew and colleagues78 found all 22 patients with
known difficult intubation to have a TMD less than 6 cm
and Mallampati classifications of III or IV, whereas all 22
matched controls (easy intubations) had a TMD greater
than 6.5 cm and Mallampati classification of I or II. By
prospectively testing this combination in 244 patients,
Frerk16 found a sensitivity of 80% and a specificity of
98%. Wong and Hung,57 on the other hand, found it to
be 71% and 92% in 411 Chinese women, of whom 151
were pregnant. Janssens and Hartstein79 and Janssens
and Lamy80 recently developed a new scoring system, the
Airway Difficulty Score (ADS), for predicting difficult intu-
bation in which a TMD less than 6 cm, Mallampati class
greater than 1, mouth opening less than 4 cm, reduced neck
mobility, and presence of upper incisors related to airway
difficulty. A score between 5 and 15 is given for each
patient, and a score of 8 or greater is considered a poten-
tially difficult intubation. When compared to the Intuba-
tion Difficulty Scale (IDS), they found a 75% sensitivity,



Table 17-2 Evidence of Multivariate Predictors of Difficult Intubution

Authors/
Reference
No.

No. of
Patients

Incidence
of Difficult
Intubation
(%)

Sensitivity
(%)

Specificity
(%)

Positive
Predictive
Value (%)

Negative
Predictive
Value (%)

Definition
of Difficult
Intubation*

Best
Attempt

Population
Excluded

False
Negative
(%)

Misclassification
Rate (%)

Association
with
Difficult
Intubation

Wong57 411 1.54
nonpregnant
1.99 pregnant

71.4 95.5 21.7 1 � Non-
Chinese and
Chinese men

þ

Wilson21 778 1.5 75 88 9 99 1 � obstetric
(OB) & ears,
nose, and
throat (ENT)

0.4 12

Pottecher
et al.39

663 5.8 70 84 21 98 1 � ENT 1.8 17

El Ganzouri
et al.25

10570 1 65 94 10 99 2 þ OB & ENT 0.3 7

Arne et al.10

(gen surg)
(simplified
score)

717 2.5 94 96 37 99 4 þ ENT/OB 0.2 4

Arne et al.10

(global pop.)
(simplified
score)

1090 3.8 93 93 34 99 4 þ OB 0.3 7

Naguib84

(discriminate
eqn.) (clinical
criteria)

56 42 95.4 91.2 87.5 96.9 1þ3 �

Naguib84

(discriminate
eqn.) (clinical
þ radiologic)

56 42 95.8 96.9 95.8 96.9 1þ3 �

Oates et al.19

(Wilson Risk
Sum)

675 1.8 42 92 9 1

Yamamoto
et al.81

(Wilson Risk
Sum)

3608 1.3 55.4 86.1 5.9 1 þ

*Definition of difficult intubation:
1.) Cormack-Lehane Grade III or IV
2.) Cormack-Lehane Grade IV only
3.) No. of attempts
4.) Special techniques and others
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85.7% specificity, an excellent negative predictive value
(NPV) (98.7%), and a low PPV (18.6%). This score allows
the clinician to distinguish difficulty in maintaining upper
airway patency and the difficulty with alignment of the
axes and in visualizing the larynx. Scoring systems, such
as the ADS and the IDS,70 require further investigation
and inclusion of more definitive variables.

Recently, Iohom and colleagues,40 in a study involving
212 nonobstetric patients, found that by combining Mal-
lampati classification of III or IV with either a thyromental
distance less than 6.5 cm or a sternomental distance less
than 12.5 decreased the sensitivity (from 40% to 25% and
20%, respectively), but maintained an NPV of 93%. The
specificity and PPVs increased from 89% and 27%, respec-
tively, for Mallampati alone to 100%. Thus they suggest
that the Mallampati classification, in conjunction with
measurement of the TMD and SMD, may be a useful rou-
tine screening test for preoperative prediction of difficult
intubation.40

Wilson and colleagues21 examined a combination of
five risk factors (Wilson Risk Sum): weight, head and neck
movement, jaw movement, receding mandible, and buck
teeth. One of three levels is assigned per risk, with a level
of 0 representing no risk for difficult intubation and a
level of 2 representing the greatest risk for difficult intuba-
tion.21 Wilson’s group suggested that a score of 2 would
correspond to a test that had sensitivity of 75% and speci-
ficity of 85%, yet this test would not be applicable to chil-
dren or pregnant women because of the weight
classification. Oates and colleagues,19 on the other hand,
found the Wilson Risk Sum to have a sensitivity of 42%
and a specificity of 92%, with a PPV of 9%. When com-
pared to the Mallampati classification, they found it to
be slightly superior. Yamamoto and colleagues81 tested
the same scoring in 3608 patients and found the sensitivity
to be slightly better (55%), but the specificity and PPVs
were 86% and 5.5%, respectively.

Wong and Hung57 derived the following regression
equation: DL ¼ 2.73 – 0.1 TMD – (0.01 AOE – 0.1 Mallam-
pati) and concluded that the laryngoscopic grade would
be higher (i.e., greater difficulty intubation) if the combi-
nation of AOE and Mallampati yielded a more negative
value. They termed the combination of AOE and Mallam-
pati, both of which are independent of body build, as the
Predictor of Intubation Difficulty (PID) and used a PID of
0 or less as the criterion for prediction of difficult intuba-
tion. They found a sensitivity of 71%, a specificity of
95.5%, and a PPV of 21.7%. This study of Chinese women,
including pregnant women, was an attempt to neutralize
the effect of body build on absolute anatomic measure-
ments and their limitation as predictors of difficult
intubation.

Bellhouse and Dore82 identified radiographic predic-
tors in patients with known difficult airways and sug-
gested three closely corresponding clinical measures:
Mallampati classification III or IV, limited AOE, and
receding chin. Since there has been no formal prospective
evaluation of their findings, the sensitivity and specificity
of this combination of predictors are unknown.

Rocke and colleagues,8 in their rare study involving
1500 obstetric patients, found four predictors of difficult
intubation: Mallampati’s classification, receding mandi-
ble, short neck, and protruding maxillary incisors. Tse
and associates83 evaluated the combination of Mallampa-
ti’s classification, head extension, and thyromental dis-
tance in 471 patients. They found that combinations of
mediators generally seemed to improve specificity, thus
decreasing the chance of false alarms, but at the cost of
sensitivity, which means missing a large proportion of
potential difficult intubations.

El-Ganzouri and colleagues25 prospectively studied
10,507 patients who underwent surgery under general
anesthesia to determine what parameters might be asso-
ciated with difficult intubation. They derived a composite
airway risk index with an odds ratio used to weigh the
risk of individual parameters, including mouth opening,
Mallampati classification, neck mobility, ability to pro-
trude the mandible, body weight, and a history of difficult
intubation. By retrospectively applying a simplified risk
index (0 ¼ low, 1 ¼ medium, 2 ¼ high), they found a
sensitivity of 65%, a specificity of 94%, and a PPV of
10%, which corresponded to a 1% incidence of difficult
intubation (defined as laryngoscopic view of IV alone),
as assessed by an experienced anesthesiologist after the
best attempt.

Arne and colleagues10 performed a prospective analy-
sis of 1200 ear, nose, and throat (ENT) and general surgi-
cal patients in order to develop and validate a predictive
clinical multifactorial risk index aimed at predicting diffi-
cult tracheal intubation. They identified seven criteria as
independent predictors of difficult intubation, defined as
the need to use special techniques as assessed by two senior
anesthesiologists, after their best attempts in performing
endotracheal intubation. A simplified risk index was for-
mulated using regression coefficients as the relative weight
of individual predictors. The best predictive threshold for
the sum was chosen as 11 using the receiver operating
characteristic curve. This scoring system was then pros-
pectively evaluated in a population of 1090 consecutive
patients. The sensitivity and specificity were 94% and
96% in general surgery, 90% and 93% in noncancer
ENT surgery, and 92% and 66% in ENT cancer surgery,
respectively. They claim that the index is investigator-
independent, with a 7% misclassification rate. The popula-
tion studied included only a small number of patients with
cervical spine pathology, and patients with a history of
spondylosis, rheumatoid arthritis. or occipital atlanto-axial
diseases were not included.

Naguib and colleagues84 evaluated 24 patients in
whom unanticipated difficult intubation occurred, along
with a control group of 32 patients in whom intubation
was easily accomplished, using clinical and radiologic
data. They identified four clinical risk factors: thyromen-
tal distance, thyrosternal distance, neck circumference,
and Mallampati classification. Using both clinical and
radiologic data, discriminant analysis identified five risk
factors: TMD, thyrosternal distance, Mallampati classifi-
cation, depth of the second cervical vertebrae spinous
process, and the angle at the most antero-inferior point
of the upper central incisor tooth. Although a PPV of
95.8% in a study population with an incidence of diffi-
cult intubation of 42% is not realistic, the possible



Chapter 17 Does the Airway Examination Predict Difficult Intubation? 111
role of advanced radiologic techniques such as three-
dimensional computer imaging in the prediction of diffi-
cult intubation cannot be ignored.

Cattano and colleagues55 demonstrated that the
MPT versus Cormack-Lehane linear correlation index
was 0.904. A Mallampati class III correlated with a Cor-
mack-Lehane grade 2 (0.94), and a Mallampati class IV
correlated with Cormack-Lehane grade 3 (0.85) and Cor-
mack-Lehane 4 (0.80).55

Difficult Mask Ventilation

Although failure to intubate may not necessarily lead to
hypoxia and hypoxemia, failure to ventilate will cause
these adverse consequences. Interestingly, the majority of
the literature on prediction of the difficult airway does
not include factors predicting difficult mask ventilation
(DMV). Williamson and colleagues85 analyzed 2000 inci-
dent reports and indicated a 15% incidence of DMV in
patients who had difficult or failed intubation. El-Gan-
zouri and colleagues25 found an incidence of 0.08% in
their study of 10,507 patients and determined that approx-
imately 100,000 patients would be required to apply a
multivariate analysis. They defined DMV as the inability
to obtain chest excursion sufficient to maintain a clinically
acceptable capnogram waveform despite optimal head
and neck positioning, use of muscle paralysis, use of an
oral airway, and optimal application of a face mask. Lan-
geron and colleagues12 observed a 5% incidence of DMV,
defined as the inability of an unassisted anesthesiologist
to maintain oxygen saturation greater than 92% or to pre-
vent or reverse signs of inadequate ventilation during pos-
itive-pressure mask ventilation under general anesthesia.
In their study of 1502 patients that excluded ENT, obstetric,
and emergency patients, they found five criteria (age more
than 55 years, BMI greater than 26 kg/m2, lack of teeth,
presence of a beard, history of snoring) to be independent
risk factors for DMV, with two of these criteria indicating
a high likelihood of DMV (sensitivity of 72%; specificity
of 73%). Lower rates of DMV have been reported in pro-
spective studies by Asai and colleagues24 (1% to 4%), Rose
and Cohen13 (0.9%), and El-Ganzouri and colleagues,25 as
mentioned earlier. Obviously, there is a lack of a standar-
dized definition for DMV, which could explain the varia-
tion in the incidence.

Kheterpal and colleagues86 found 37 cases (0.16%) of
grade 4 MV (impossible to ventilate) and 313 cases
(1.4%) of grade 3 MV (difficult to ventilate) out of
22,660 cases. They used a grade 1 to 4 classification, in
which grade 1 was easy to ventilate by mask, grade
2 was able to ventilate by mask but with an oral air-
way/adjuvant with or without muscle relaxant, grade 3
was difficult ventilation (inadequate/unstable or requir-
ing two providers) with or without muscle relaxant,
and grade 4 was unable to ventilate with or without mus-
cle relaxant. Out of the 37 cases of grade 4 MV, 1
required an emergency cricothyrotomy, 10 were difficult
intubations, and 26 were easy intubations. They identi-
fied six predictors for grade 3 MV: BMI greater than
30 kg/m2, beard, Mallampati class III-IV, age 57 years
or older, reduced jaw protrusion, and snoring. Of these
six predictors, the only modifiable predictor was the
presence of a beard. They could identify only two predic-
tors for grade 4 MV: snoring and TMD less than 6 cm.
They also found that 84 patients with grade 3 or 4 MV
were difficult to intubate (0.37%). They suggested that
the mandibular protrusion test or UBLT may be an
essential element of airway assessment.86

Airway Assessment and LMA Use

McCrory and colleagues87 studied 100 patients by asses-
sing their airway with the original Mallampati classifica-
tion (MPT) and then placing an LMA. Adequate
ventilation was possible in 98 patients, and in 2 patients
LMA insertion was abandoned and anesthetic was
continued with guedel airway and facemask ventilation.
They performed fiber-optic laryngoscopy to view the
laryngeal inlet and found that seating of the LMA was
suboptimal in 30 patients and that there was no view of
laryngeal inlet in 7 patients. All of these 7 patients were
Mallampati class III. They concluded that an increasing
occlusion of laryngeal inlet and increasing difficulty of
LMA insertion occurred with Mallampati classes II and
III. They also found that the number of attempts needed
for LMA insertion increased with Mallampati classes II
and III. Eighteen patients with Mallampati class II needed
two attempts, and in Mallampati III, 5 patients needed
two attempts and 3 patients needed three attempts. In
2 patients with Mallampati class III, LMA insertion was
abandoned (failed insertion after three attempts). The lim-
itation of this study was that there was a small number of
Mallampati class III patients (n ¼ 10), in 7 of whom there
was no view of vocal cords on fiber-optic laryngoscopy
and in 2 of whom LMA placement was abandoned.

Intubatability versus Ventilatability—“Can’t
Intubate, Can’t Oxygenate” (CICO)

“Can’t intubate, can’t oxygenate” (CICO) is a clinical situ-
ation in which the anesthesiologist is unable to intubate
or perform effective ventilation. Hypoxemia and death
can occur quickly unless emergency transtracheal oxyge-
nation is provided.27 Nonetheless, it is evident that in a
number of situations when facemask ventilation fails
and intubation is difficult, the laryngeal mask can provide
a satisfactory airway. Although a CICO situation is rare in
elective patients, guidelines have been established (see
www.das.uk.com).
AREAS OF UNCERTAINTY

Preoperative evaluation is important in the detection of
patients at risk of difficult airway management, noting
any anatomic features and clinical factors associated with
the difficult airway,4,8,10,11,13,14,88 but it is still uncertain
whether true prediction is possible11,23,83,89-91 and which
variables should be chosen.7 The majority of individual
predictors appear to have a strong association with the
occurrence of difficult intubation, but none of the combina-
tions previously discussed has provided satisfactory
results in terms of sensitivity and specificity. The reasons

http://www.das.uk.com


Table 17-3 Components of the Preoperative
Airway Physical Examination

Airway Examination
Component Nonreassuring Findings

1 Length of upper
incisors

Relatively long

2 Relation of maxillary and
mandibular incisors during
normal jaw closure

Prominent “overbite”
(maxillary incisors
anterior to mandibular
incisors)

3 Relation of maxillary and
mandibular incisors during
voluntary protrusion of the
lower jaw

Patient cannot bring
mandibular incisors
anterior to (in front of)
maxillary incisors

4 Interincisor distance Less than 3 cm
5 Visibility of uvula Not visible when tongue is

protruded with patient in
sitting position (e.g.,
Mallampati class greater
than II)

6 Shape of palate Highly arched or very
narrow

7 Compliance of mandibular
space

Stiff, indurated, occupied by
mass, or nonresilient

8 Thyromental distance Less than three ordinary
finger breadths

9 Length of neck Short
10 Thickness of neck Thick
11 Range of motion of head

and neck
Patient cannot touch tip of
chin to chest or cannot
extend neck
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could be the low incidence of the end result (e.g., difficult
intubation) and the conflicting inverse relationship
between sensitivity and specificity, especially because of
the critical nature of the outcome (i.e., death or brain dam-
age). Nonetheless, false positives are clearly less dangerous
than false negatives and every patient undergoing anes-
thetic intervention is subject to the possibility of the occur-
rence of problems with airway management. Difficult
airway management in specific patient populations,
including pregnant, obese, pediatric, and those under-
going surgery involving the airway, may require unique
considerations. Further investigation of the supraglottic
ventilatory devices (e.g., Laryngeal Mask Airway, Esopha-
geal Tracheal Combitube, etc.), as well as the flexible or
rigid fiber-optic laryngoscopes, and predictions for diffi-
culty in their use, or how their use can overcome difficult
intubation, despite unfavorable traditional predictors for
difficult intubation, is necessary. Last, the integration of
practice guidelines, as outlined in the next section, into
clinical practice is difficult to monitor, making it difficult
to directly evaluate their utility regarding patient outcome.

GUIDELINES

There are current guidelines published by national7 and
international85,86,89 societies that address the issue of inter-
ventions in order to reduce perioperative airway compli-
cations during management of the difficult airway.

The ASA appointed a task force to develop the ASA’s
“Practice Guidelines for Management of the Difficult Air-
way,” which were first adopted by the ASA in 1992 and
recently revised.7 The purpose of these guidelines is to
facilitate the management of the difficult airway and to
reduce the likelihood of adverse outcomes.

These guidelines include the following recommenda-
tions:

1. History

An airway history should be conducted, whenever feasible,
before the initiation of anesthetic care and airway manage-
ment in all patients. The intent of the airway history is to
detect medical, surgical, and anesthetic factors that may
indicate the presence of a difficult airway. Examination of
previous anesthetic records, if available in a timelymanner,
may yield useful information about airway management.

2. Physical Examination

An airway physical examination should be conducted,
whenever feasible, before the initiation of anesthetic care
and airway management in all patients. The intent of this
examination is to detect physical characteristics that
may indicate the presence of a difficult airway. Multiple
airway features should be assessed, as in Table 17-3.

3. Additional Evaluation

Additional evaluation may be indicated in some patients
to characterize the likelihood or nature of the anticipated
airway difficulty. The findings of the airway history and
physical examination may be useful in guiding the selec-
tion of specific diagnostic tests and consultation.
AUTHORS’ RECOMMENDATIONS

Based on the evidence from randomized controlled trials and the
vast body of literature regarding methods for airway evaluation,
airway examination does not predict difficult intubation. None-
theless, although current tests are not foolproof, a careful, system-
atic approach to a historical and physical evaluation of the airway
in each patient should be performed.

The following suggestions should serve as a guide to aid clin-
ical judgment and help guide anesthesiologists’ decisions about
airway management techniques with both patients and surgeons.

1. Use a list of individual predictors (Table 17-4) to separate out
patients for further evaluation.

2. Determine whether there are any combinations of individual
predictors that may lead to difficulty.

3. Perform any additional testing, including radiographic or
endoscopic evaluation, or both, and obtain a preoperative
consultation with other specialists (otolaryngologist, pulmo-
nologist, oncologist, thoracic surgeon) in patients with a known
or clinically suspicious difficult airway.

4. Review of the above information (suggestions 1 through 3) by
an expert or team of experts to consider factors predicting
difficult mask ventilation, difficult laryngoscopy, difficult
intubation, and difficulty in the performance of a surgical air-
way, and together formulate a plan, as well as alternative
plans, for airway management.
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5. Finally, the practitioner should always be prepared by having
a difficult airway cart ready and available, and practicing diffi-
cult airway drills, as well as special techniques that are helpful in
the management of the patient with a difficult airway.39

Being able to more accurately predict DMV, difficult laryn-
goscopy, difficult intubation, and difficulty in the performance
of fiber-optic intubation or a surgical airway should, in all
likelihood, reduce the number of adverse outcomes and
improve the safety of airway management. At least for now,
reliable prediction of a difficult intubation remains an unsolved
problem and is likely to remain a decision based on clinical
judgment.
Table 17-4 Suggested Contents of the
Portable Storage Unit for Difficult
Airway Management

1 Rigid laryngoscope blades of alternate design and size from
those routinely used; this may include a rigid fiber-optic
laryngoscope

2 Tracheal tubes of assorted sizes
3 Tracheal tube guides. Examples include (but are not limited

to) semirigid stylets, ventilating tube changer, light wands,
and forceps designed to manipulate the distal portion of the
tracheal tube

4 Laryngeal mask airways of assorted sizes; this may include
the intubating laryngeal mask airway and the LMA-Proseal
(LMA North America, Inc., San Diego, CA)

5 Flexible fiber-optic intubation equipment
6 Retrograde intuabtion equipment
7 At least one device suitable for emergency noninvasive airway

ventilation. Examples include (but are not limited to) an
esophageal tracheal Combitube (Kendall-Sheridan Catheter
Corp., Argyle, NY), a hollow jet ventilation stylet, and a
transtracheal jet ventilator

8 Equipment suitable for emergency invasive airway access
(e.g., cricothyrotomy)

9 An exhaled CO2 detector
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Should Regional or General
Anesthesia Be Used for Cases
in Which the Patient Has an
Anticipated Difficult Airway?

Seth Akst, MD, MBA, and Lynette Mark, MD
Airway management is the essence of the practice of clin-
ical anesthesiology. Preoperative assessment of the
patient’s airway is the first step in the evaluation and
planning of a safe, appropriate anesthetic plan. For the
majority of patients, this can be readily achieved with a
brief systematic history and physical examination and
does not require additional diagnostic evaluation.

Some patients may be anticipated to be difficult to intu-
bate, based on a history of difficult intubation or clinical
predictors of difficult intubation. The American Society
of Anesthesiologists’ (ASA) “Practice Guidelines for Man-
agement of the Difficult Airway” reviews some of the his-
torical and physical examination findings possibly
suggestive of a difficult intubation.1 Some of these pre-
dictors of anticipated difficulty with conventional direct
laryngoscopy (MAC/Miller) include a large overbite,
large tongue, narrow mouth opening, or short chin.
Various prediction models, such as correlation with
Mallampati oral view I-IV to the Cormack-Lehane laryn-
goscopic view grades I to IV, have been proposed, but
none offers 100% sensitivity for prediction of a difficult
airway.2 Despite such an evaluation, an estimated 1%
to 3% of patients in to the operating room have an
unanticipated difficult airway with conventional direct
laryngoscopy.3

In addition to this 1% to 3% incidence of patients with
an unanticipated difficult airway, there are cohorts of
patients with specific pathologic conditions that are known
to prove difficult with conventional laryngoscopy. These
patients may require more complex or multispecialty clini-
cian airway management that may only be readily or
immediately available in specialty or tertiary care centers.

The ASA’s “Practice Guidelines for Management of the
Difficult Airway” encourages all practitioners to review
the airway algorithm presented in the document and pro-
vides resources for the creation of difficult airway man-
agement carts that can be readily mobilized for elective
and emergency airway management.

The goal, then, of the preoperative airway evaluation
is to categorize the patient into one of two categories:
(1) not difficult with conventional MAC/Miller direct
laryngoscopy; or (2) anticipated to be difficult with
conventional MAC/Miller direct laryngoscopy. In either
category, unanticipated difficulty with the chosen airway
management technique is a reality.

Of the patients who have an anticipated difficult
airway, a certain percentage will be scheduled for surgical
procedures that are amenable to regional anesthesia as the
primary anesthetic or for postoperative pain management.
For example, many orthopedic limb cases, lower abdomi-
nal surgeries, and urologic procedures can be performed
with a regional technique and without anticipated airway
management.

In these instances, regional anesthesia can be an attrac-
tive option for some clinicians when faced with a patient
with anticipated difficult intubation who is scheduled
for an appropriate surgery and who does not have other
contraindications to regional anesthesia. However, if, dur-
ing the procedure, the regional technique needs to be con-
verted to a general airway-controlled anesthetic and there
are adverse outcomes related to an urgent nature of the
airway management, many clinicians are quick to criticize
the role of regional anesthesia in these patients as a pri-
mary anesthetic. They advocate that in the case of the
anticipated difficult airway, the patient’s airway must be
electively controlled at the beginning of the case, with
regional anesthesia being a component of a combined
regional/general technique.

This chapter reviews the evidence supporting the deci-
sion to initiate a regional or general anesthetic in patients
with anticipated difficult airways who are scheduled for
appropriate surgical procedures. Patients in whom diffi-
culty with airway management is not anticipated preoper-
atively and patients undergoing surgical procedures not
amenable to regional anesthesia alone (e.g., intrathoracic
or intracranial surgery) are not addressed in this chapter.
ALTERNATIVES

The appeal of choosing a primary regional anesthesia
technique is that airway management and the potential
complications in these complex patients may be able
to be avoided. The ability to provide safe and adequate
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anesthesia without instrumenting the airway can be a
relief to both the patient and the anesthesiologist. The
need to address issues of extubation of the difficult airway
and postoperative care can also be avoided.

Depending on the surgical case, as well as the patient’s
preferences, many different regional anesthetics may
be appropriate. Neuraxial techniques, such as spinal or
epidural anesthesia, as well as regional blocks such as
brachial plexus, lumbar plexus, and specific nerve blocks,
can provide excellent anesthesia, with or without concom-
itant sedation. Indwelling catheter techniques, such as for
epidural or some extremity blocks, also allow postopera-
tive pain to be managed successfully in certain cases.

The potential downfall of the regional anesthesia alter-
native is that the regional technique may be technically
difficult, may be incomplete, or may fail, necessitating
the conversion to a general anesthetic with or without
intubation/protected airway. The likelihood of failure of
the regional technique cannot be predicted because it
depends on the skill and experience of the anesthesiolo-
gist performing the neuraxial or nerve block. In addition,
patient-specific factors, such as inability to tolerate being
awake or minimally sedated (so as to avoid respiratory
depression), may require conversion to general anesthe-
sia. Finally, surgical considerations such as extension of
the procedure may require a change from regional to gen-
eral anesthesia.

Conversion from a regional to a general anesthetic may
be required at a time when the patient’s airway is rela-
tively less accessible to the anesthesiology team, as well
as at a time when deteriorating patient condition man-
dates hastening the ventilation and intubation process.
It is important to recognize, in the words of Benumof,4

“Use of regional anesthesia in the patient with a recog-
nized difficult airway does not solve the problem of the
difficult airway; it is still there.”4

On the other hand, the appeal of a planned general anes-
thetic is that the airway can be approached in a controlled
and measured fashion. This chapter does not provide an
in-depth review of airway management techniques, but
basic considerations include choosing between surgical
and nonsurgical approaches, asleep versus awake techni-
ques, and spontaneously ventilating or apneic patients.
Specific intubating methods could include direct laryngos-
copy, rigid or flexible fiberoptic laryngoscopy, or place-
ment of a laryngeal mask airway (LMA) as a bridge
toward definitive control of the airway, among many other
possible forms of intubation (Figure 18-1).

A third alternative is the combined general with
regional approach to anesthesia. In such circumstances,
the regional anesthetic technique is used primarily for
intraoperative and potentially postoperative analgesia,
while the airway is intubated in a controlled fashion in
the beginning of the case. Because the combined alterna-
tive leads to airway management in the beginning of the
case, it will be considered as part of the general anesthesia
option for the purposes of this chapter. In the cases of
combined regional with general anesthesia, it can be the
contribution of the regional anesthesia that facilitates
successful extubation of the patient with an anticipated
difficult airway (Figure 18-2).
EVIDENCE

The endpoint of greatest importance when comparing
regional versus general anesthesia for the patient with
an anticipated difficult airway would be patient mortality.
Given the obvious ethical problems posed by comparing
two techniques that are alternatives to avoiding signifi-
cant risk of patient morbidity or mortality, it is not
surprising that no randomized control trial has been per-
formed that addresses this issue. In the absence of any
randomized control trials, prospective and retrospective
data reviews are the next level of evidence that one could
look for. These authors are not aware of any paper that
directly compares regional versus general anesthesia in
regard to airway outcomes. The desire to avoid publica-
tion of adverse events and the relative infrequency of lost
airways combine to make literature on this topic scarce.

There are several papers that do compare general
anesthesia directly against regional anesthesia, but these
papers focus on cardiovascular morbidity and mortality.5-7

Other papers that compare regional versus general anesthe-
sia examine other variables such as return of bowel function
or postoperative pain control. A good overview of the state
of outcomes research with regard to regional anesthesia
has been written byWu and Fleisher.8 Airwaymanagement
is notably absent from their discussion because no evidence
has been published regarding the issue of regional versus
general anesthesia, particularly for the patient with an
anticipated difficult airway.

It is tempting to extrapolate some numbers from a
striking paper written by Hawkins and colleagues9 that
examines the relationship between anesthetic choice and
maternal mortality rate for obstetric care. This study cal-
culated the rates of death in obstetric patients receiving
anesthesia in two time periods, 1979–1984 and 1985–1990.
The authors found that obstetric patients receiving general
anesthesia had a mortality rate of 20 per million anes-
thetics in the earlier period and that this rate increased
to 32.3 deaths per million general anesthetics in the later
period. They contrast these data to patients receiving
regional obstetric anesthesia, for whom the mortality rate
decreased from 8.6 deaths per million to 1.9 deaths per mil-
lion. Thus both the absolute numbers and the trends seem
to favor regional anesthetic techniques as significantly safer
in this population.

However, these data are difficult to interpret. The per-
centage of regional anesthetics requiring emergent conver-
sion to general anesthetics is not addressed, and it is not
clear within what group patients were accounted for in
whom death occurred as a result of failed intubation during
an attempted conversion from regional to general anesthe-
sia. The apparent increased mortality rate associated with
general anesthesia could be the result of failed regional
blocks requiring conversion to general with uncontrolled
conditions. The internal validity of the data is suspect
because the accompanying editorial questions the assump-
tions used in calculating the mortality rates.10 Further-
more, the external validity of this study is circumspect
because the urgency of many obstetric surgical procedures
and the different airway challenges that parturient patients
represent (e.g., aspiration risk, edematous pharyngeal



DIFFICULT AIRWAY ALGORITHM

1. Assess the likelihood and clinical impact of basic management problems:
 A. Difficult ventilation
 B. Difficult intubation
 C. Difficulty with patient cooperation or consent
 D. Difficult tracheostomy
2. Actively pursue opportunities to deliver supplemental oxygen throughout the process
    of difficult airway management
3. Consider the relative merits and feasibility of basic management choices:

4. Develop primary and alternative strategies:

Intubation attempts after
induction of general anesthesia

Invasive technique
for initial approach to intubation

Ablation of
spontaneous ventilation

Awake intubation

Noninvasive technique
for initial approach to intubation

Preservation of
spontaneous intubation

A.

B.

C.

Awake intubation

Airway approached by
noninvasive intubation

Invasive
airway access(2)*

Intubation attempts after
induction of general anesthesia

Initial intubation attempts
successful*

Initial intubation attempts
unsuccessful

 From this point
on, consider:

1. Calling for help
2. Returning to
    spontaneous ventilation
3. Awakening the patient

Succeed* Fail

Cancel case

Face mask ventilation not adequate

Alternative approaches to intubation(3)

Successful
intubation*

Fail after
multiple attempts

Call for help

Emergency noninvasive
airway  ventilation(5)

Successful ventilation* Fail

Nonemergency pathway
Ventilation adequate, intubation unsuccessful

Emergency pathway
Ventilation not adequate,
 intubation unsuccessful 

Consider/attempt LMA

LMA adequate* LMA not adequate
or not feasible

Invasive
airway access(2)*

Consider feasibility
of other options(1)

Invasive
airway access(2)*

Consider feasibility
of other options(1)

Awaken
patient(4)

Emergency invasive
airway access(2)*

vs.

vs.

vs.

If both face mask and
LMA ventilation

become inadequate

*Confirm ventilation, tracheal intubation, or LMA placement with exhaled CO2.

Face mask ventilation adequate

A B
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Difficult airway (DA) recognized

Surgery can be done
under regional anesthesia (RA)

Surgery can be
quickly terminated

Surgery cannot be
quickly terminated

All patient positions
(access to airway

not important)

Good access to airway,
patient agrees to awake

TI if RA fails

Poor access
to airway

RA acceptable RA acceptable RA unacceptable

RA fails RA fails ASA DA
algorithm

Cancel
case

Patient remains
cooperative

Patient is not
cooperative

Awake TI

GA

GA

Awake TI GA with plan B
ready to go

Redo RA

DA = Difficult airway
RA = Regional anesthesia
GA = General anesthesia
TI   = Tracheal intubation

Figure 18-2. Regional Anesthesia and the Recognized Difficult Airway Algorithm.
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tissue, decreased functional residual capacity, increased
oxygen consumption) may be nonapplicable to our group
of interest, which is nonpregnant patients with an antici-
pated difficult airway undergoing elective surgery.

As discussed earlier, the likelihood of converting from
regional to general anesthesia cannot be predicted due to
various anesthesiologist-, patient-, and procedure-specific
factors. Therefore in the absence of reliable published
data, historical institution-specific data may be the most
Figure 18-1. Difficult Airway Algorithm. 1, Other options include (bu
anesthesia, local anesthesia infiltration, or regional nerve blockade. Pursu
problematic. Therefore these options may be of limited value if this step in
sive airway access includes surgical or percutaneous tracheostomy or crico
tion include (but are not limited to) the following: use of different lar
fiberoptic guidance), fiberoptic intubation, intubating stylet or tube chang
tion. 4, Consider repreparation of the patient for awake intubation or can
tion include (but are not limited to) the following: rigid bronchosco
ventilation.
useful for framing the question of regional versus general
anesthesia for the patient with an anticipated difficult air-
way. The Johns Hopkins Hospital Department of Anesthe-
siology keeps patient data concerning adverse events as
an internal database for morbidity and mortality review.
Such databases, although not predictive of each new case,
can help provide institutional experience in addition to an
anesthesiologist’s personal experience when making this
choice.
t are not limited to) the following: surgery using face mask or LMA
it of these options usually implies that mask ventilation will not be
the algorithm has been reached via the Emergency Pathway. 2, Inva-
thyrotomy. 3, Alternative noninvasive approaches to difficult intuba-
yngoscope blades, LMA as an intubation conduit (with or without
es, light wand, retrograde intubation, and blind oral or nasal intuba-
celing surgery. 5, Options for emergency noninvasive airway ventila-
pe, esophageal-tracheal combitube ventilation, or transtracheal jet
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GUIDELINES

The American Society of Anesthesiologists’ “Practice
Guidelines for Management of the Difficult Airway”1

should be familiar to every anesthesiologist. Although
these guidelines do not specifically address the issue of
regional anesthesia as an alternative to general anesthesia
with a protected airway, subsequent “New Thoughts and
Concepts” published by Benumof in the ASA Refresher
Course book specifically address the role of regional anes-
thesia in anticipated difficult airway patients.11 He
states that use of regional anesthesia in a patient with a
known difficult airway requires a high degree of judgment
and concludes that it is unacceptable to do regional anesthe-
sia with a known difficult airway when surgery cannot
be terminated rapidly and there is poor access to the
patient’s head. InAirwayManagement: Principles and Practice,
Benumof4 provides clinicians with an algorithm for the use
of regional anesthesia and the recognized difficult airway
that complements the ASA Difficult Airway Algorithm.
AUTHORS’ RECOMMENDATIONS

l Regional anesthesia may provide a reasonable alternative to
providing an anesthetic for a patient with an anticipated
difficult airway in certain circumstances. However, many
surgical cases and many patients present contraindications to
regional anesthesia.

l If regional anesthesia were to fail for anesthetic-, patient-, or
surgical-related issues, intubation might then have to occur
under suboptimal conditions. It is reasonable to assume that an
airway will be more easily secured when approached in a
controlled fashion in the beginning of the case than in an urgent
manner with possibly compromised access to the patient—with
fewer adverse outcomes.12,13

l Therefore it is mandatory that every anesthesiologist be familiar
with the ASA’s “Practice Guidelines for Management of the
Difficult Airway”1 and subsequent updates/recommendations.
Review of Benumof’s algorithm for the use of regional anes-
thesia and the anticipated difficult airway patient is
recommended.

l Anesthesiologists must be comfortable with the preoperative
assessment of patients, with appropriate consultation from
colleagues with specialties in complex airway management.
When appropriate, this multispecialty team must be
immediately available to the patient at the time of the surgical
procedure.

l Anesthesiologists must be facile with multiple approaches
and techniques to airway management and understand the
limitations of various techniques.

l It is recommended that a plan for general anesthesia be
prepared for every patient with an anticipated difficult airway,
and appropriate equipment and supporting clinicians/staff
are immediately available to the patient, even if regional
anesthesia will be the primary and first choice of anesthesia
for the patient. Dr. Martin Norton states, “The obligation to
guarantee airway control is not obviated by epidural, spinal, or
regional techniques.”14

l Discussion of a primary regional anesthetic plan with the
patient and surgeon must include a realistic approach to the
incidence of failed regional techniques or complications of
regional anesthesia and a plan for airway management if
required. Regional anesthesia is an acceptable primary
anesthetic only if the practitioner is comfortable with his or her
ability to secure the airway at any potential time during the
surgical case. If there is any doubt about the ability to secure
the patient’s airway once the surgery is under way, airway
management at the beginning of the case is recommended.

l Sedation as a supplement to regional anesthesia must be
discussed at the time of evaluation with both the patient and
surgeon. Vigilance about ensuring airway access and state
of consciousness is essential.
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 Is There a Best Approach to
Induction of Anesthesia in
Emergent Situations?

Richard P. Dutton, MD, MBA
INTRODUCTION

Most anesthesiologists will take care of emergency
patients at some point in their career. Whether dealing
with a surgical crisis in the operating room (OR) or a
trauma patient in the emergency department (ED), the
anesthesiologist must have a plan for rapid and safe
induction of general anesthesia. Table 19-1 is a list of
some of the potential pitfalls that can be encountered in
the emergency situation. Whereas elective patients have a
known medical history, optimized medications, hemody-
namic stability, and an empty stomach, emergent patients
may lack all of these things. Indeed, an older trauma
patient brought to the ED with severe injuries might pres-
ent anatomic challenges to intubation, might be hypovole-
mic, might have limited cardiac reserve, might be taking
unknown chronic medications, has a potentially full stom-
ach, and has a potentially unstable cervical spine. Induc-
tion of general anesthesia and successful endotracheal
intubation will be critical to the long-term survival of this
patient, but how are these best accomplished?

OPTIONS/THERAPIES

By definition, emergency induction is needed when the
acuity of the patient’s presentation does not allow for
the normal preoperative anesthetic assessment. Nonethe-
less, the anesthesiologist must take advantage of every
opportunity to learn about the patient’s condition while
formulating a plan for his or her care. Table 19-2 is a list
of suggested questions. At a minimum, the anesthesiolo-
gist should determine why the patient requires emergent
induction (e.g., urgent surgery for hemorrhage, airway
protection or ventilatory support, septic shock) and as
much as time allows about the patient’s history. Usually
this information can be gleaned from the physicians or
nurses already caring for the patient. If possible, these
providers should be asked whether the patient has any
allergies, and what medications the patient is taking.
A quick look at the medical record may be helpful. Any
recent anesthetic record is especially useful, as it will
provide information about the ease of intubation and
the patient’s tolerance of medications. A brief survey of
relevant laboratory values can also help to avoid pitfalls:
hematocrit (hemodynamic stability), creatinine (acute
or chronic renal failure), arterial blood gas (ventilatory dif-
ficulties, acidosis), serum potassium (potential for hyper-
kalemia), and coagulation studies (potential for bleeding).

Physical examination of the patient must be abbre-
viated, but is still important. It takes only seconds to
assess the patient’s level of consciousness by asking the
patient to extend his or her neck and open the mouth, also
providing valuable insight into the airway anatomy and
potential for a difficult intubation. Vital signs should
be noted. New sources of pain, external hemorrhage, or
visible deformity should also be recorded.

Once this brief survey is accomplished, the anesthesiol-
ogist is ready to consider various options. Table 19-3 lists
a number of important questions that should be
addressed. The first has to do with optimizing the emer-
gency induction. If the patient is not in the OR, success
can sometimes be improved by moving there, assembling
more equipment, or calling for assistance, but only if the
benefit of doing so will outweigh the risk of delay to the
patient. The second consideration is the manner of anes-
thetic induction and the technique for securing a defini-
tive airway. While a rapid-sequence approach leading to
direct laryngoscopy and endotracheal intubation will
most often be correct,1 there are situations where a more
gradual induction or even awake fiberoptic intubation
may be more appropriate. Finally, the anesthesiologist
must consider the medications to be used, and the dose
of each.
EVIDENCE

There is substantial evidence available to support the use
of rapid-sequence intubation in most cases in which emer-
gency induction is required. Neuromuscular blockade
provides the best intubating conditions on the first
approach to the airway, and leads to the highest “first
pass” success rate.2 A rapid transition from awake to
anesthetized reduces the patient’s exposure to intermedi-
ate stages of anesthesia in which complications such as
121



Table 19-2 Suggested Questions, in
Approximate Order of Importance,
for Assessing the Emergency
Patient

l Why is this an emergency?
l Does the patient have any major medical problems?
l What medications/intoxicants has the patient taken recently?
l Is the patient allergic to any medications?
l Has the patient any history of problems with anesthesia?
l Is there a history of neurologic deficit?
l When did the patient last eat?
l Are there any abnormal laboratory values?
l What does the electrocardiogram show?
l Are there any other positive diagnostic tests?

Answers should be sought from the most efficient and knowledgeable source

among the patient, the patient’s caregivers, and the medical record.

Table 19-1 Potential Difficulties Posed by the
Need for Emergency Induction of
General Anesthesia

l Unknown medical history:
Limited cardiac reserve
Preexisting neurologic conditions
Chronic diseases with anesthetic implications (e.g., amyo-

trophic lateral sclerosis)
l Untested airway, with limited chance for examination and
inability to tolerate awake intubation

l Hemodynamic instability:
Hemorrhage (e.g., trauma, gastrointestinal bleeding)
Cardiac disease (e.g., recent myocardial infarction)
Dehydration (e.g., small bowel obstruction)
Uncontrolled hypertension or diabetes

l Untested cervical spine stability after trauma
l Presumed full stomach

Table 19-3 Questions to Determine the
Anesthetic Plan

l Is this the right location to induce anesthesia?
l Do I have the necessary equipment?
l Are the right people here?
l Is this patient hemodynamically stable?
l Is there likely to be an airway difficulty?
l Are there patient factors I should take into account?
l Does this patient have a full stomach?
l Is the cervical spine stable?
l Is the intravenous access adequate?
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laryngospasm, pain, hemodynamic lability, combative
behavior, and aspiration are most likely to occur. Several
large case series have examined the use of neuromuscu-
lar blockade to facilitate rapid-sequence intubation out-
side of the OR, with highly favorable results.3-5 A recent
retrospective study from the author’s institution docu-
mented the need for surgical airway salvage in only 21
of 6088 patients who underwent rapid-sequence induction
within 1 hour of hospital arrival, a rate of 0.3%.6

The choice of neuromuscular blocking agent is largely
determined by the clinical situation. Succinylcholine is
the most commonly used medication for rapid-sequence
intubation because it produces the most rapid onset of
paralysis and thus the best intubating conditions in the
shortest amount of time. Succinylcholine also has the
advantage of being short acting, with return of neuromus-
cular function in approximately 10 minutes after usual
doses. In the elective situation when a difficult airway
is unexpectedly encountered, this may be beneficial to
allow the patient to wake up and resume spontaneous
ventilation while other plans are considered. This will sel-
dom be an advantage during emergency induction, how-
ever, because the conditions creating the emergency will
still be present. Rapid resolution of paralysis following
succinylcholine may enable subsequent neurologic assess-
ment. Succinylcholine is contraindicated in patients with
neuromuscular conduction abnormalities (e.g., spinal cord
injury, amyotrophic lateral sclerosis, Guillain-Barré syn-
drome) of greater than 24 hours’ duration and in patients
with recent severe burns. Excessive numbers of post-
synaptic choline receptors can cause a fatal hyperkalemia
in these patients.7 Though at least one paper has down-
played the potential for succinylcholine to trigger malignant
hyperthermia in susceptible patients,8 the catastrophic
nature of this complication makes it prudent to avoid the
use of succinylcholine in patients potentially at risk. Succi-
nylcholine will also produce transient elevation of intra-
cranial and intraocular pressure.9 This has the theoretic
potential to put some patients at risk, although this has
never been proven in any large clinical series. In reality,
avoidance of succinylcholine may contribute to hypoxia
during induction and intubation that is of far more
relevance.

Rapid-acting nondepolarizing neuromuscular block-
ing agents can produce intubating conditions almost as
good as succinylcholine, almost as quickly.10,11 The use
of high-dose rocuronium or vecuronium is appropriate
when contraindications to succinylcholine exist, accepting
the fact that the patient will remain paralyzed for a longer
period of time. In most emergent situations this is not
a major concern.

Although complete neuromuscular blockade is the key
to a rapid transition to mechanical ventilation, and should
be used in almost all emergency inductions, the use of
sedative/hypnotic agents should be approached on a case-
specific basis. Amnesia to the events of induction and
intubation is desirable, as is prevention of extreme sympa-
thetic stimulation in response to airway manipulation.
Some degree of sedation is therefore appropriate in almost
all emergency inductions, yet careful titration is required.
Patients in shock have increased sensitivity to the central
effects of sedative agents: less medication is required to
achieve a similar depression in awareness.12 Hypovolemic
patients are especially problematic. Reduction in compen-
satory sympathetic outflow, reduced cardiac filling in
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association with positive pressure ventilation, and the
direct vasodilatory and negative inotropic effects of seda-
tive agents may all lead to profound hemodynamic insta-
bility and cardiac arrest following normal induction doses
of thiopentol, propofol, or midazolam.1

There have been a number of recent reports advocating
the use of etomidate for induction of anesthesia in emer-
gency situations, because it is not a vasodilator or negative
inotrope.13 As with ketamine, however, a normal induc-
tion dose of etomidate may still lead to profound hypoten-
sion in patients in hypovolemic shock, due to interruption
of sympathetic outflow. Several recent reports have also
described the subsequent development of adrenal insuffi-
ciency in patients receiving even single doses of etomidate
for emergency induction.14

The choice of induction agent is thus less important
than the dose selected. In general, the least amount consis-
tent with amnesia is appropriate, unless there is reason to
be concerned about a hypertensive response to intubation
(e.g., the patient with an isolated traumatic brain injury
and the potential for increased intracranial hemorrhage).
Additional doses can always be given if the first dose is
well tolerated. Familiarity with the medication chosen is
also important, enabling greater precision in titration.
For example, deaths attributed to the use of sodium thio-
pental in soldiers injured at Pearl Harbor were the result
of unfamiliarity with the drug, rather than with its specific
function.15
CONTROVERSIES

There are a few situations in which securing the airway
before induction of anesthesia is appropriate: significant
upper airway trauma, known instability of the cervical
spine, and a strong suspicion (by history or examination)
of a difficult airway. In these situations the use of a fiber-
optic bronchoscope, after appropriate topical anesthesia of
the upper airway, can provide important diagnostic infor-
mation and the safest route to a secure airway. This tech-
nique requires both time and expertise, however, and is
not recommended in uncooperative or hemodynamically
unstable patients. Although most trauma patients will be
brought to the ED with a cervical collar and backboard
in place, the incidence of unstable spinal cord injury is
low, and the potential for aggravating an injury during
laryngoscopy and intubation is even lower.16 Several large
series have examined the use of manual in-line stabilization
of the cervical spine during emergency intubation and have
demonstrated the safety of this practice.17 Rapid-sequence
intubation thus remains the preferred approach in trauma
patients with “uncleared” cervical spines, unless there is a
known or strongly suspected injury.

Awake fiberoptic intubation would be a diagnostic lux-
ury in many patients with face or airway trauma, but this
approach is seldom feasible. Bleeding or foreign bodies
in the airway will usually make the patient agitated, and
will necessitate a faster and more direct approach.
A rapid-sequence intubation attempt is appropriate, with
immediate progression to a surgical airway as needed.
Surprisingly, massive facial trauma patients are often easy
to intubate immediately after injury, because fracture of
the facial bones removes a barrier to direct laryngoscopy.
Any delay, however, will allow for tissue swelling and
distortion that will completely obscure the upper airway.1

A final area of controversy surrounds the presence of a
full stomach, and the risk of passive reflux and aspiration
during the induction of anesthesia. Paralytic ileus is com-
mon after trauma and in association with major medical
disease, so that delaying anesthesia to allow the stomach
to empty is unlikely to work.18 Instead, measures should
be taken to reduce the risk of aspiration while otherwise
proceeding with emergent induction. In cooperative
patients not otherwise at risk, the use of a nonparticulate
antacid such as bicitrate is appropriate before induction.19

The use of cricoid pressure—the Sellick maneuver—has
long been a staple during rapid-sequence induction.20

The value of this approach in occluding the esophagus
and preventing passive regurgitation has been called into
question recently,21 but the maneuver itself is free and
easy to perform and the technique may confer other ben-
efits than esophageal occlusion. Posterior displacement
of the larynx can improve the view of the vocal cords
and facilitate intubation, particularly in trauma patients
who are being intubated in the presence of manual in-line
cervical stabilization, while palpation of the larynx during
intubation can help to confirm successful tube placement.
If overzealous application of cricoid pressure is obscuring
the laryngeal view, it can always be removed.

AREAS OF UNCERTAINTY

Most likely to change the approach to emergency induc-
tion of anesthesia in the near future is the widespread
adaptation of video indirect laryngoscopy.22 Tools such
as the Glidescope will potentially improve the safety
of emergency intubation, reducing manipulation of the
cervical spine and making an asleep rapid-sequence
approach even more favored in emergency patients.

Improved markers and monitors of the patient’s
hemodynamic condition will allow for greater precision
in dosing induction drugs in the future. Further develop-
ment of neuromuscular blocking agents may eventually
lead to a better replacement for succinylcholine than the
agents now available, while the development of sugam-
madex as an instantaneous reversal agent may allow
more widespread use of rocuronium and vecuronium.23

It is unlikely, however, that the basic concept of rapid-
sequence induction will change.

GUIDELINES

The most comprehensive review and guidelines for emer-
gency airway management were published in 2002 by the
Eastern Association for the Surgery of Trauma (EAST), as
the result of a guidelines working group.24 This document
includes a discussion of all aspects of emergency airway
management, and concludes with the recommended
approach seen in Figure 19-1.
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AUTHOR’S RECOMMENDATIONS

A recommended “best practice” for induction of anesthesia in
emergency situations consists of the following key steps:

1. Pre-crisis preparation, including training of personnel and
availability of equipment.

2. Rapid assessment and optimization of the patient and
environment, consistent with the time available.

3. Preoxygenation, cricoid pressure, and manual in-line cervical
stabilization (if indicated).

4. Induction of anesthesia (carefully titrated dosing) and rapid
deep paralysis (succinylcholine).

5. Direct laryngoscopy and intubation, facilitated by an
intubating stylet (gum elastic bougie) if needed.

6. Confirmation of successful intubation with capnometry.
7. If intubation cannot be accomplished, rescue with a laryngeal

mask airway.
8. Rapid progression to a surgical airway, as needed.
9. Circulatory support following intubation. Gentle application

of positive pressure ventilation and upward titration of
sedative medications as tolerated by the patient.
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Do Inhalational Agents Have
Beneficial or Harmful Effects?

Stefan G. De Hert, MD, PhD
INTRODUCTION

The answer to the question of whether inhalational
anesthetics are beneficial or harmful has evolved over
the years. The initially introduced inhalational com-
pounds had a very small therapeutic window and were
associated with an important number of adverse events.
Over the years, safer drugs were developed, resulting
in lower morbidity and mortality rates associated with
their administration. Nevertheless, even these compounds
shared a common important depressant effect on the car-
diovascular system, for which reason most anesthesiolo-
gists were reluctant to use them in patients with cardiac
disease or compromised cardiac function. Indeed, for
many years the use of inhalational anesthetics has been
abandoned in favor of intravenous drugs in this subset
of patients. In the 1980s, several studies have indicated
that, in patients undergoing elective coronary artery
surgery, the choice of the primary anesthetic agents did
not result in different outcome.1,2 However, starting
in the 1990s, it appeared that the development of fast-
track anesthetic techniques has helped to decrease inten-
sive care unit and hospital length of stay with lower
resource utilization and cost without adversely affecting
mortality and morbidity rates.3-5 Fast-track anesthetic
protocols were mainly based on the use of short-acting
intravenous drugs. Compared to the previously used
large-dose opioid techniques, fast-track protocols had a
shorter recovery time, which has led to a significant
reduction in tracheal intubation time, and hence a
decrease in intensive care unit length of stay.3-7 Although
inhalation-based techniques could also be suitable for
early extubation protocols,8 it was suggested that espe-
cially patients with impaired left ventricular function
would not tolerate inhaled anesthetic-induced reduction
in myocardial function.5

In recent years, however, new experimental and clini-
cal evidence has indicated that the newer inhalational
anesthetics might instead have a beneficial effect on the
cardiovascular system. Since cardiovascular complications
still represent a significant health risk to both the cardiac
and the noncardiac surgical population,6 any measure that
may help reduce these adverse events should be part of
the perioperative treatment of patients, especially those
patients that are at increased risk for developing perioper-
ative myocardial ischemia.
DO INHALATIONAL ANESTHETICS
DECREASE THE EXTENT OF MYOCARDIAL
DAMAGE IN THE PRESENCE OF MYOCARDIAL
ISCHEMIA?

Prevention of ischemia is traditionally focused on main-
taining the balance between myocardial oxygen supply
and demand.7 It is well known that all inhalational anes-
thetics decrease myocardial loading conditions and con-
tractility. Even the newer compounds such as desflurane
and sevoflurane demonstrate a similar dose-dependent
depression of myocardial function.8 These depressant
effects decrease myocardial oxygen demand and may
therefore have a beneficial role on the myocardial oxygen
balance during myocardial ischemia. In addition to these
indirect protective effects, inhalational anesthetics also
have direct protective properties against reversible and
irreversible ischemic myocardial damage. These properties
have been related to a direct ischemic preconditioning-like
effect, known as pharmacologic preconditioning induced
by anesthetics (anesthetic preconditioning). Furthermore,
volatile anesthetics applied during myocardial ischemia
appear to suppress inflammatory responses that cause
myocardial dysfunction. In addition, volatile anesthetics
also decrease the extent of reperfusion injury when they
are administered early during the reperfusion period.
These properties have been summarized in different recent
review articles.9,10 The implementation of the cardioprotec-
tive effects of inhalational anesthetic agents during surgery
may therefore provide an additional tool in the treatment
and the prevention of ischemic cardiac dysfunction in the
perioperative period.

Evidence

Experimental studies have indicated that inhalational
anesthetic agents protect against the reversible but also
the irreversible consequences of myocardial ischemia, as
evidenced by a better recovery of myocardial function
and a smaller myocardial infarction size after myocardial
ischemia in the presence of various inhalational adminis-
tration protocols.11-14 In contrast with the large amount of
data obtained in the experimental setting, only a limited
number of studies have addressed the potential cardio-
protective properties of volatile anesthetics in the clinical
practice. This is mainly because the experimental protocol
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necessitates myocardial ischemia to be instituted in a stan-
dardized and reproducible way. This situation is normally
not present in clinical practice, where all efforts are directed
toward the prevention ofmyocardial ischemia to occur. The
clinical situation that most closely resembles the sequence
of standardized myocardial ischemia and reperfusion is
the setting of coronary artery surgery. This type of surgery
therefore allows us to transpose the experimental setting
of preconditioning and postconditioning protocols into a
clinical protocol sequence.

The clinical studies mainly involved either precondi-
tioning protocols (i.e., administration of the inhalational
agent before the institution of myocardial ischemia (aortic
cross-clamping) or a protocol in which the inhalational
agent was administered throughout the entire operative
period. It is of interest to note that, whereas the experi-
mental anesthetic preconditioning protocols consis-
tently showed a beneficial effect on extent of myocardial
damage and dysfunction after ischemia, this cardioprotec-
tive effect was not as obvious in the clinical situation.
A number of studies did indeed report a beneficial effect
on markers of myocardial damage or of hemodynamic
function,15-21 but this was not confirmed in other stud-
ies.22,23 Taken together, it seems that the available clinical
data do not indicate that administration of an inhalational
anesthetic agent in a preconditioning protocol will result
in a straightforward beneficial effect on the extent of
myocardial damage after ischemia. On the contrary, in
the studies where the inhalational anesthetic agent was
administered throughout the entire procedure, a consis-
tent cardioprotective effect was observed with less evi-
dence of myocardial damage and a better preservation of
myocardial function after ischemia.24-30

Anesthetic Cardioprotection in Clinical Practice

From the literature, it appeared that not all clinical anes-
thetic preconditioning protocols were associated with a
protective action against the consequences of myocardial
ischemia. Several reasons can be invoked for this phenom-
enon. In experimental protocols both duration of the pre-
conditioning stimulus and duration of the ischemic
period are highly standardized. This is not exactly true
in clinical protocols where total duration of ischemia, the
possible occurrence of ischemic events before the observa-
tion period, and also the modalities of the anesthetic
preconditioning period vary greatly between studies.
It seems that the extent of clinical cardioprotective effects
critically depends on the modalities of administration of
the inhalational anesthetic agents, such as the frequency
and duration of the anesthetic preconditioning, the dura-
tion of the washout period, and the inspired concentration
of the volatile anesthetic agent. In addition, inhalational
anesthetic agents were also shown to be cardioprotective
when administered during the period of myocardial
ischemia31,32 and during the reperfusion period.33 Taken
together it seems that a clinically significant cardioprotec-
tive effect of inhalational agents is most obvious in proto-
cols where the agent is given throughout the entire
procedure: before (preconditioning), during, and after
myocardial ischemia (postconditioning).33
Clinical Relevance

Cardioprotective effects of inhalational anesthetic agents
were apparent from the preservation of variables of
myocardial function, and the lower release of markers
of myocardial damage or dysfunction. However, at this
moment it is unclear whether these effects also result in
a decreased incidence of hard outcome variables such as
perioperative morbidity and mortality rates. Although
some studies have observed trends such as a shorter inten-
sive care unit and hospital length of stay,34 a lower inci-
dence of postoperative atrial fibrillation,35 and even an
improved 1-year cardiovascular outcome after coronary
surgery36 with a volatile anesthetic regimen, these studies
were severely underpowered to address this issue.

A recent retrospective study on data from 10,535 car-
diac surgical procedures retrieved from a National Danish
registry from 1999 to 2005 compared cardiac outcome
between patients anesthetized with propofol and sevoflur-
ane. No difference in postoperative 30-day mortality rate
was observed in patients with preoperative unstable
angina and/or a recent myocardial infarction. However,
in the group of patients without these characteristics, mor-
tality rate was lower in the group anesthetized with the
inhalational agent (2.28 versus 3.14; p ¼ 0.015).37 There
are also a few meta-analyses that have been performed
on this subject (Table 20-1).38-40 The meta-analysis by Yu
and Beattie38 included 32 trials on the subject with a total
of 2841 patients. The meta-analysis of Symons and Miles39

included 27 trials with a total of 2979 patients. In both
these meta-analyses, no differences were observed in peri-
operative mortality and myocardial infarction rates
between patients anesthetized with a volatile or an intra-
venous anesthetic regimen. However, it should be noted
that these two reports also included studies in which halo-
thane, enflurane, and isoflurane were used as inhalational
anesthetics. On the contrary, a more recent meta-analysis
including only studies with the newer inhalational anes-
thetics desflurane and sevoflurane (22 trials with a total
of 1922 patients) observed a lower incidence of postopera-
tive mortality (Odds ratio¼ 0.35; 95% confidence intervals:
0.14 to 0.90) and postoperative myocardial infarction
(Odds ratio ¼ 0.53; 95% confidence intervals: 0.32 to 0.86)
with the use of an inhalational anesthetic regimen.40

The majority of data on the perioperative cardioprotec-
tive properties of inhalational anesthetic agents have been
obtained in the setting of coronary artery surgery. It is
unclear whether such an effect is also present in other types
of surgery. One study reported similar cardioprotective
effects of an inhalational anesthetic regimen in patients
undergoing aortic valve surgery.41 In patients undergoing
mitral valve surgery, the situation seems to be more com-
plex. Data from a recent study indicated that application
of a desflurane preconditioning protocol in patients under-
going isolated mitral valve surgery demonstrated that
the postoperative troponin release was not decreased.
However, in patients undergoing a combined mitral valve
and coronary artery surgery procedure, the application of
desflurane preconditioning was associated with less myo-
cardial damage.42 These observations seem to indicate
that the occurrence and the extent of inhalational-induced



Table 20-1 Summary of Meta-analyses on the Effects of Inhalational Anesthetic Agents on
Perioperative Mortality and Perioperative Myocardial Infarction (PMI) Rates

Study (Year)
Number of
Trials

Number of
Patients

Inhalational Agents
Included Incidence of Outcome

Inhalational Mortality PMI Intravenous Mortality PMI

Yu & Beattie
(2006)38

32 trials 2841 patients Halothane
Enflurane
Isoflurane/sevoflurane
Esflurane

18/1156
54/1402

30/1222
62/1459

Symons & Myles
(2006)39

27 trials 2979 patients Halothane
Enflurane
Isoflurane
Sevoflurane
Desflurane

No difference (data not
reported)
51/1569

No difference (data not
reported)
28/840

Landoni et al
(2007)40

22 trials 1922 patients Sevoflurane
Desflurane

4/977
24/979

14/872
45/874
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cardioprotection may depend on specific clinical
conditions.

No data on cardioprotective effects in other types of
surgery are currently available. Although it can be
expected from a pathophysiologic point of view that the
cardioprotective properties of inhalational anesthetic
agents will also have beneficial effects in patients at
risk for perioperative myocardial ischemia undergoing
noncardiac surgery, the unequivocal evidence for such a
clinical effect may be difficult to obtain. Indeed, it seems
that the extent of cardioprotection depends on specific
clinical variables such as the occurrence of perioperative
myocardial ischemia. Because both the occurrence of peri-
operative myocardial ischemia and its extent and duration
may vary greatly in patients undergoing noncardiac sur-
gery, the potential beneficial effects of an inhalational
anesthetic regimen may be blunted.

Another question is whether the protective effects
against the consequences of ischemia observed at the level
of the myocardium also extend to other organ systems.
Although some experimental data have reported protec-
tive effects at the level of the spinal cord and the brain,43,44

the endothelium,45 the lungs,46,47 and the kidneys and
liver,48,49 other reports fail to demonstrate such an
effect.50,51 Differences in experimental protocols have been
invoked to explain the apparent discrepancies in the
results.52 In addition, even more than is the case for the
myocardium, the ability of biochemical markers or mea-
sures of organ function to genuinely reflect changes in
organ function is a point of debate. These concerns also
apply when looking at the scarce clinical data available
on protective properties of inhalational anesthetics on
other organ function. The use of sevoflurane has been
associated with a lower release of tumor necrosis factor
a in cardiac surgery patients. It was hypothetized that
part of the cytoprotective effects of volatile anesthetics
could be due to a reduction in circulating concentra-
tions of this element and its subsequent deleterious
effects on different body organs.53 However, since there
seems to be a lack of consistent response with regard
to the release of tumor necrosis factor a after various
stimuli, it was suggested that tumor necrosis factor
a alone may be a poor marker of outcome.54 Data from
a recent study in healthy volunteers indicated that the
peri-ischemic administration of sevoflurane improved
the postocclusive hyperemic reaction, suggesting a pro-
tective effect against the consequences of ischemia at
the level of the endothelium.55 Finally, another recent
study in coronary artery surgery patients observed lower
postoperative levels of serum glutamic oxaloacetic trans-
aminase, glutamate pyruvate transaminase, and lactate
dehydrogenase in patients anesthetized with an inhala-
tional anesthetic regimen.56 However, it could not be
concluded from this study whether the beneficial effect
on biochemical markers of hepatic dysfunction was
related to a direct protective effect on hepatic function or
whether this effect was merely the consequence of a bet-
ter perioperative organ perfusion due to the preservation
of cardiac function.

AREAS OF UNCERTAINTY

Although several studies have indicated that inhalational
anesthetic agents may have a beneficial action to decrease
the harmful effects of myocardial ischemia, controversies
remain with regard to these reported properties. These
controversies focus mainly around two topics: (1) the reli-
ability of the phenomenon of anesthetic preconditioning
in the clinical setting and (2) the concern about the clinical
relevance of the reported cardioprotective properties, as
discussed previously.

GUIDELINES

Current strategies on the prevention of adverse periopera-
tive cardiovascular events mainly focus on the preserva-
tion of a beneficial myocardial oxygen balance and the
application of therapies assumed to modulate plaque sta-
bilization and the inflammatory response. Although these
issues have been largely explored, no definitive con-
clusions with regard to their effectiveness in preventing
perioperative morbidity have yet unequivocally been
established.57,58 With regard to the potential benefits of
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the use of an inhalational anesthetic regimen to decrease
the incidence of perioperative cardiovascular events, con-
clusions are even less established. Indeed, there are no for-
mal guidelines with regard to the use of a specific type of
anesthetic agent in the management of patients at risk for
developing perioperative myocardial ischemia. Although
a number of randomized controlled trials suggest a pro-
tective action, all of the studies published until now were
severely underpowered to address outcome issues. The
results of recent meta-analyses also do not allow us to
draw straightforward conclusions. Only in the most recent
meta-analysis including the studies comparing the newer
volatile anesthetics desflurane and sevoflurane to a total
intravenous anesthetic regimen (22 trials with a total of
1922 patients), a lower incidence of perioperative mortal-
ity and myocardial infarction was reported.40 Currently,
the American Heart Association (American College of
Cardiology/American Heart Association 2007 Guidelines
on Perioperative Cardiovascular Evaluation and Care for
Noncardiac Surgery) advocates the use of volatile anes-
thetic agents during noncardiac surgery for the mainte-
nance of general anesthesia in hemodynamically stable
patients at risk for myocardial ischemia.59
AUTHOR’S RECOMMENDATIONS

Based on the available data and keeping in mind that the sugges-
tions derived from these data do not represent clinical guidelines
or a consensus statement and should not replace individual clini-
cal judgment, a number of recommendations may serve as a
guide to help anesthesiologists make a rational decision in the
care of patients at risk for developing perioperative myocardial
ischemia.

l Experimental data have clearly indicated that the use of an
inhalational anesthetic regimen protects against the functional
and morphologic consequences of myocardial ischemia.

l This protective effect has also been demonstrated in clinical
studies in patients undergoing cardiac surgery, with a better
preservation of myocardial function and less myocardial
damage with the use of an inhalational anesthetic regimen.

l In the clinical setting, the cardioprotective effect of an inhala-
tional anesthetic regimen is most consistently present when the
agent is given throughout the entire operative period: before
ischemia, during ischemia, and during reperfusion.

l Although no dose-response data are available, the different
clinical protocols used suggest that the protective effects are
already present at doses of 0.5 MAC sevoflurane or desflurane.

l Although none of the studies performed so far was sufficiently
powered to address outcome issues, a first meta-analysis
including data from 1922 patients seems to indicate that the use
of a volatile anesthetic regimen with the newer agents sevo-
flurane and desflurane is associated with a lower perioperative
mortality rate and a lower incidence of perioperative myocar-
dial infarction.

l Thus far, no data are available on the potential cardioprotective
properties of inhalational agents in noncardiac surgery.
However, the putative underlying pathophysiologic
mechanisms involved in their cardioprotective action in the
presence of myocardial ischemia and the clinical evidence from
the cardiac surgical setting provide circumstantial evidence
that these agents may provide an additional way to protect
the myocardium in any patients at risk for developing
perioperative myocardial ischemia.
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 Is One General Anesthetic
Technique Associated with
Faster Recovery?
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INTRODUCTION

The current health care environment of cost containment
and efficient resource utilization increasingly emphasizes
the need for a rapid postoperative recovery and early dis-
charge. With the availability of shorter-acting anesthetic
drugs, which allow rapid emergence, the need for posta-
nesthesia care unit (PACU) stay is also questioned.1–3

Although local and regional anesthesia techniques allow
a quicker recovery, general anesthesia remains the most
commonly used technique.4 There is evidence that the
choice of general anesthetic technique is associated with
faster recovery, particularly immediate emergence from
anesthesia and early recovery.1,2 The modern general
anesthetic technique consists of the use of a combination
of drugs to achieve amnesia, analgesia (or hemodynamic
stability), and patient immobility (or muscle relaxation).
The skillful use of multiple anesthetic drugs is preferable
in providing adequate anesthesia and surgical conditions
while allowing for rapid recovery. The most important
aspect of an anesthetic technique is its ability to consis-
tently achieve rapid recovery after termination of surgery.
OPTIONS/EVIDENCE

Premedication

Benzodiazepines are often used to provide preoperative
anxiolysis and reduce the incidence of intraoperative aware-
ness.5 Although some older studies did not observe a delay
in recovery with the use of preoperative benzodiazepines,6,7

recent evidence suggests that recovery, particularly in the
elderly, may be prolonged.8 Therefore it might be prudent
to avoid preoperative benzodiazepines if possible. Because
significant reduction in stress-hormone levels have been
observed after diazepam premedication,9 benzodiazepine
premedication might be beneficial in a high-risk population
(e.g., cardiac patients) undergoing ambulatory surgery.

Induction of Anesthesia

Either propofol or sevoflurane can be used for the induction
of anesthesia. A study comparing induction with propofol
and sevoflurane followed by sevoflurane for maintenance
of anesthesia reported that the time to emergence (i.e., eye
opening to command) was shorter in patients with sevo-
flurane induction (5.2 minutes versus 7 minutes).10 How-
ever, the incidence of postoperative nausea and vomiting
(PONV) was higher after sevoflurane induction. Because
propofol induction is associated with higher perioperative
patient satisfaction,11 sevoflurane should be reserved for
selected patients (Table 21-1).

Maintenance: Inhalation Anesthesia versus
Total Intravenous Anesthesia with Propofol

Ease of titratability and a rapid emergence from anesthe-
sia favor inhaled anesthetic techniques. In addition,
inhaled anesthetics potentiate neuromuscular blockade,12

thereby reducing the requirements of muscle relaxants
and subsequent complications of residual paralysis (e.g.,
visual disturbances, inability to sit up without assistance,
facial weakness, and generalized weakness).13 Compared
with isoflurane, the newer shorter-acting inhaled anes-
thetics (e.g., desflurane and sevoflurane) allow for a more
rapid emergence from anesthesia.14

Song and colleagues15 measured recovery times and
ability to fast-track with desflurane, sevoflurane, or propo-
fol. Anesthesia with an inhaled anesthetic resulted in
shorter times to awakening, tracheal extubation, and orien-
tation, compared with propofol total intravenous anesthe-
sia (TIVA). A considerably larger percentage of patients
who received desflurane for maintenance were considered
fast-track eligible compared with sevoflurane and propofol
(90% versus 75% and 26%, respectively). However, there
was no difference between the groups with respect to the
times to oral intake and home-readiness. Earlier emergence
with desflurane, compared with sevoflurane and propofol,
was also reported when bispectral index (BIS) monitoring
was used to titrate the hypnotic agents.16,17 Use of BIS mon-
itoring reduced the emergence times by 30% to 55%,17,18

However, this effect of BIS was not reproducible in a study
of elderly (greater than 65 years old) outpatients in which
the use of BIS during shorter procedures (less than 30 min-
utes) reduced the opioid requirements, but did not
improve early recovery.19 Postural stability is achieved ear-
lier after desflurane anesthesia than after propofol.20 Simi-
larly, emergence from anesthesia is faster with sevoflurane,
131
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compared to propofol and isoflurane.21-23 Nonetheless, this
does not translate into an earlier discharge from the PACU
or earlier time to achieve home-readiness.21,22,24,25

Juvin and colleagues25 evaluated the recovery of mor-
bidly obese patients receiving desflurane, isoflurane, and
propofol anesthetized to maintain similar BIS values.
Immediate recovery occurred faster and was more consis-
tent and oxygen saturations were higher after desflurane
than after propofol or isoflurane; however, these differ-
ences persisted only in the early recovery phase (up to
2 hours after surgery). Similar results were seen in elderly
patients.26,27 Again, the need for PACU interventions was
significantly less with desflurane.

A recent study evaluated the ability to swallow water
without coughing or drooling after desflurane and sevo-
flurane anesthesia and found that patients receiving
desflurane were able to swallow water without coughing
or drooling significantly earlier.28 Based on these findings
the authors concluded that desflurane allowed an earlier
return of protective airway reflexes.

Although propofol TIVA is consistently associated with
a lower incidence of PONV as compared with inhaled
anesthetic technique,22,29-33 PONV incidence is equivalent
when prophylactic antiemetics are used with inhalation
anesthesia and N2O.29 Studies using BIS monitoring to
titrate hypnotic-sedatives and prophylactic antiemetics
have not observed any difference in the incidence of
PONV between the different general anesthetic techni-
ques.17,25,34 Titration of inhaled anesthetic using BIS mon-
itoring has been shown to further reduce the incidence of
postoperative vomiting in the phase II area.35 Neverthe-
less, propofol TIVA is preferable in patients at very high
risk of PONV.

In summary, the newer shorter-acting inhaled anes-
thetics (e.g., desflurane and sevoflurane) allow for an earlier
emergence from anesthesia compared with older inhaled
anesthetics (e.g., halothane and isoflurane) (Table 21-1 and
Table 21-2). Although xenon is not yet commercially avail-
able, emergence of anesthesia appears to be faster with des-
flurane and xenon.36 Rapid recovery reduces the risks of
postoperative complications, including airway obstruction
and hypoxemia.27,37 In addition, faster emergence allows
for fast-tracking (i.e., bypassing the PACU). Interestingly,
recent studies suggest a gender difference in recovery, with
women recovering faster from general anesthesia than
men.38 This is probably due to the influence of female sex
hormones and their role on the modulation of anesthetic
action.

Brain function monitors may improve titration of inhaled
and intravenous sedative-hypnotic drugs, allow faster
emergence, and improve quality of recovery (reduced
drowsiness, dizziness, fatigue, nausea, and vomiting). How-
ever, these monitors do not influence phase II recovery and
home-readiness. Furthermore, these monitors may have
limited benefits in patients breathing spontaneously or
undergoing shorter surgical procedures.39

Nitrous Oxide

Because of its amnestic and analgesic properties, as well
as its capability to lower the requirements of costly
anesthetic drugs, nitrous oxide (N2O) is commonly used
as part of a balanced anesthesia technique. In addition to
reducing the induction time or dose of the inducing agent,
the use of N2O results in smoother induction. It allows for
a faster return to spontaneous breathing after equi-MAC
(1.3 MAC with or without N2O) regimens of sevoflurane.40

N2O is rapidly eliminated, resulting in a faster recovery
even with the use of inhaled anesthetics with higher lipid
solubility (e.g., isoflurane) in short procedures (less than
60 minutes) in elderly patients.24

Although some studies have reported a higher inci-
dence of PONV with the use of N2O, a meta-analysis of
randomized controlled trials found that the emetic effect
of N2O is not significant.41 A large study of 740 women
undergoing outpatient gynecologic surgery compared
the incidence of PONV and the time to home-readiness
with a propofol-N2O–based and a propofol-alone anes-
thetic technique.42 In this high-risk population the use
of N2O reduced propofol requirements by 20% to 25%
without increasing the incidence of adverse events or
the time to home-readiness. Interestingly, most studies
assessing the feasibility of fast-tracking after outpatient
surgery have used N2O as a part of their anesthetic tech-
nique.42-44 Overall, there is no convincing evidence to
avoid N2O.45

Supralaryngeal Airway Devices

Supralaryngeal airwaydevices (e.g., laryngealmask airway
[LMA]) have gained widespread popularity as general-
purpose airway devices and are increasingly used for rou-
tine elective surgical procedures. They do not require the
use of neuromuscular blockade and are generally tolerated
at lower anesthetic levels than a tracheal tube. With the
patient breathing spontaneously, opioid requirements
can be based on the respiratory rate, and dosing requi-
rements of hypnotic anesthetics (intravenous or inhaled)
can be based on brain function monitors or end-tidal
concentrations of inhaled anesthetics. This allows earlier
emergence from anesthesia and improved perioperative
efficiency.46 Newer trends may also favor the use of supra-
laryngeal airway devices in previously excluded areas
such as outpatient laparoscopy and controlled mechanical
ventilation.47,48

Because desflurane has irritant properties, sevoflur-
ane, which is nonpungent, is generally considered the
drug of choice for patients breathing spontaneously.
However, recent studies suggest that desflurane can also
be safely used in patients breathing spontaneously
through an LMA.49-52 Maintenance of anesthesia with
desflurane, isoflurane, and propofol in patients breathing
spontaneously through a supralaryngeal airway device is
considered equally effective and safe. The incidence of
respiratory complications was similar between the three
groups; however, purposeful movement was signifi-
cantly more common with propofol TIVA compared
with isoflurane or desflurane (63% versus 23% and 7%,
respectively).49 Furthermore, desflurane reduces the
time to emergence, home-readiness,51 and return to
normal daily activities without an increase in airway
problems.50
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Opioids

Opioids continue to play an important role in anesthesia
practice; however, opioid-related side effects, including
nausea, vomiting, and sedation, may contribute to a
delayed recovery and discharge home. Therefore opioids
should be used sparingly in patients undergoing ambula-
tory surgery, and analgesia should be provided using non-
opioid analgesics. However, if nonopioid analgesic
techniques are not used, inadequate intraoperative opioid
dose may result in a higher incidence of severe pain in
the PACU.53 Remifentanil is rapidlymetabolized and there-
fore has a very short duration of action independent of the
duration of infusion. Studies have reported a reliable and
rapid emergence with the use of remifentanil.54-56 In addi-
tion, functional activities are regained significantly faster
after remifentanil than after a fentanyl-based anesthetic.55

Immediate and intermediate recovery criteria are consis-
tently met earlier in remifentanil-treated patients.55-58 It is
suggested that the use of remifentanil allows the adminis-
tration of lower concentrations of inhaled anesthetics,
which may lead to faster recovery.57 However, because of
its short duration of action, it is necessary to plan for post-
operative pain relief with longer-acting analgesics before
discontinuation of remifentanil. The use of longer-acting
opioids at the end of the surgerymay increase the incidence
Table 21-1 Summary of Meta-analysis on General An
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Joo11 12 Sevoflurane Propofol S
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Gupta14 58 Propofol, isoflurane,
sevoflurane,
desflurane
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Robinson23 18 Sevoflurane,
isoflurane

Propofol S
a

Sneyd30 80 Propofol Inhalation
agents
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Tramer31 84 (n ¼ 6069) Propofol Other
anesthetic
agents
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w
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Tramer41 24 (n ¼ 2478) GA with N2O GA
omitting
N2O

O
T
w
c
o

GA, General anesthesia; NNT, number needed to treat.
of opioid-related adverse side effects in the postopera-
tive period. Therefore the benefits of remifentanil may
only be realized if a nonopioid analgesic technique can
be used.

It is generally believed that morphine should not be
used in ambulatory surgery patients because of the con-
cerns of increased PONV. However, use of fentanyl in
the PACU might lead to recurrence of pain in the phase
II unit, and delay discharge home and increase the need
for hospitalization, particularly if oral analgesics are not
administered or are not tolerated.59

AREAS OF UNCERTAINTY

The following areas of uncertaintly exist:

1. Does the use of a small dose (2 mg) of midazolam pro-
vide protection against awareness or delay recovery
from anesthesia?

2. Does the use of nitrous oxide reduce intraoperative
and/or postoperative opioid requirements?

3. Is there a role for xenon in clinical practice?
4. Are longer-acting opioids (e.g., morphine and hydro-

morphone) suitable for current ambulatory anesthesia
practice, particularly with more extensive surgical
procedures on an outpatient basis?
esthetic Techniques

utcomes

evoflurane and propofol had similar efficacy for anesthetic
nduction. Propofol may still be the preferred induction anesthetic
ecause of its favorable induction of anesthesia characteristics, high
atient satisfaction, and lower incidence of postoperative nausea
nd vomiting.

ostoperative recovery after propofol-, isoflurane-, desflurane-, and
evoflurane-based anesthesia in adults demonstrated that early
ecovery was faster in the desflurane and sevoflurane groups. The
ncidence of nausea and vomiting was less frequent with propofol.

evoflurane is associated with a more rapid recovery from
nesthesia than either isoflurane or propofol.

aintenance of anesthesia with propofol had a significantly lower
ncidence of postoperative nausea and vomiting in comparison
ith inhalation agents regardless of induction agent, choice of

nhalation agent, presence/absence of N2O, age of patient, or use of
piate.

he NNT to prevent early nausea with propofol was 4.7, vomiting
.9, and any emetic event 4.9. Of five patients treated with propofol
or maintenance of anesthesia, one will not vomit or be nauseated
ho would otherwise have vomited or been nauseated. In all other
ituations the difference was of doubtful clinical relevance.

mitting N2O had no effect on complete control of emesis or nausea.
he NNT for intraoperative awareness with an N2O-free anesthetic
as 46 compared with anesthetics where N2O was used. This
linically important risk of major harm reduces the usefulness of
mitting N2O to prevent postoperative emesis.



Table 21-2 Summary of Randomized Controlled Trials

Author n Intervention Control Outcome

Apfel29 5199 Six prophylactic interventions for
PONV: ondansetron, dexamethasone,
droperidol, propofol, or a volatile
anesthetic; nitrogen or N2O; and
remifentanil or fentanyl.

The safest or least expensive should be
used first. Prophylaxis is rarely
warranted in low-risk patients,
moderate-risk patients may benefit from
a single intervention, and multiple
interventions should be reserved for
high-risk patients.

Arellano42 1490 N2O 65% þ oxygen Air þ oxygen No significant differences between
groups in home-readiness and the
frequency of adverse events for 24 hr

Ashworth49 90 Desflurane Isoflurane or propofol Purposeful movement with propofol
in 63% without recall. Desflurane
and propofol have no clinically
significant advantage over isoflurane in
patients with LMA and spontaneous
ventilation.

Bekker57 60 Isoflurane-remifentanil-N2O Isoflurane-fentanyl-N2O Maintenance of anesthesia with
remifentanil-N2O can shorten
postoperative recovery of cognitive
function in a geriatric population, but
did not shorten the overall length of stay
in the postanesthesia care unit.

Camci16 50 Desflurane-remifentanil-N2O, BIS
guided

Propofol-remifentanil-N2O,
BIS guided

Home-readiness did not differ between
the groups. Desflurane is an alternative
to propofol for BIS-guided ambulatory
anesthesia. The higher frequency of
emetic symptoms with desflurane
diminished the success of its fast-track
eligibility.

Claxton59 58 Fentanyl Morphine Morphine produced a better quality of
analgesia but was associated with an
increased incidence of nausea and
vomiting, the majority of which
occurred after discharge.

Duggan9 61 Diazepam 0.1 mg/kg 60 or 90 min
preoperatively

Placebo The reduction in stress hormones
following diazepam premedication in
patients undergoing day-case surgery
may support the role for
benzodiazepine premedication.

Einarsson40 24 Sevoflurane Sevoflurane þ N2O Return to spontaneous breathing and
extubation earlier with sevoflurane/
N2O vs. sevoflurane

Fredman21 146 Propofol induction þ sevoflurane þ
N2O

Propofol induction þ
sevoflurane þ N2O;
sevoflurane þ N2O for
induction and maintenance

Faster induction with propofol. Similar
recovery. More PONV with sevoflurane.

Fredman 26 90 TIVA vs. desflurane þ N2O vs.
isoflurane þ N2O titrated to BIS 60-65

Fast-track eligibility earlier with
desflurane compared to isoflurane and
propofol (73% vs. 43% and 44%).

Gan18 302 Propofol TIVA þ BIS monitoring to
45-60, increasing to 60-75 during the
final 15 min

TIVA BIS monitoring decreased propofol
requirements, allowed earlier
extubation, increased the percentage of
patients oriented on arrival to PACU,
had better PACU nursing assessments,
and resulted in patients being eligible
for discharge sooner.

(Continued)
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Table 21-2 Summary of Randomized Controlled Trials—Cont’d

Author n Intervention Control Outcome

Georgiou37 50 TIVA with propofol Isoflurane þ N2O At least one hypoxemic event in 16.7%
in the TIVA group vs. 42.3% in the
inhalation anesthesia group.

Juvin27 45 Desflurane Isoflurane or propofol for
maintenance

Immediate recovery times shorter with
desflurane vs. isoflurane or propofol.
Intermediate recovery and time to
discharge from PACU similar in the
three groups.

Juvin25 36 Desflurane Isoflurane or propofol for
maintenance

Immediate recovery occurred faster
after desflurane, SpO2 values were
higher, patients were more mobile after
desflurane. Beneficial effects for at least
2 hours.

Larsen58 60 Remifentanil-propofol Desflurane-N2O, or
sevoflurane-N2O, fentanyl

Emergence and return of cognitive
function was faster after remifentanil-
propofol compared with desflurane
and sevoflurane.

Loop56 120 Remifentanil with sevoflurane,
desflurane, or propofol

Thiopental-alfentanil-
isoflurane-N2O

Remifentanil enables fast and smooth
early recovery. Late recovery was
comparable among the remifentanil
combination groups and the control
group.

Mahmoud50 60 Desflurane þ N2O Sevoflurane þ N2O Time to eye opening and orientation
significantly faster with desflurane than
sevoflurane group. Home-readiness
earlier with desflurane. Desflurane
group returned earlier to normal
activity.

McKay28 64 Sevoflurane Desflurane Desflurane allows an earlier return of
protective airway reflexes.

Nelskyla35 62 Sevoflurane in 65% N2O titrated to
maintain the BIS between 50 and 60.

Sevoflurane adjusted to keep
hemodynamic variables
within 25% of control values

Orientation and ability to drink were
achieved earlier in the BIS group, which
also achieved better psychomotor
recovery. Less vomiting in BIS group.
No differences in time to achieve home-
readiness.

Raeder22 161 Propofol induction with 60% N2O
through an LMA and sevoflurane

Anesthesia maintained with
60% N2O through an LMA
and TIVA

Faster emergence from sevoflurane
anesthesia. Perioperative bradycardia,
nausea and vomiting, and late
postoperative dizziness were more
common in sevoflurane group. No
difference between sevoflurane and
propofol groups in pain, eligibility for
recovery room discharge, or home-
readiness.

Saros52 70 Sevoflurane Desflurane Desflurane is associated with a faster
emergence with no differences during
the postoperative course except a
somewhat higher incidence of airway
irritation.

Smith33 61 Propofol target of 8 mcg/mL, reduced
to 4 mcg/mL after LMA insertion and
subsequently titrated to clinical signs

Sevoflurane 8%, reduced to
3% after laryngeal mask
insertion and subsequently
titrated to clinical signs

Emergence was faster after sevoflurane,
but was associated with more nausea
and vomiting.

(Continued)
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Table 21-2 Summary of Randomized Controlled Trials—Cont’d

Author n Intervention Control Outcome

Song20 120 Desflurane Propofol Desflurane-based anesthetic was
associated with better postural control
than the propofol-based anesthetic in
the early recovery period after
outpatient gynecologic laparoscopic
procedures.

Song17 60 Desflurane or sevoflurane with 65%
N2O and fentanyl. Volatile anesthetics
were titrated to maintain the BIS value
at 60

Volatile anesthetics were
administered according to
standard clinical practice

BIS values were lower in the
control groups compared with the
BIS-titrated groups. The volatile
anesthetic usage in the BIS-titrated
groups was 30%-38% lower compared
with the control groups. Times to verbal
responsiveness were 30%-55% shorter in
the BIS-titrated groups.

Song15 120 Desflurane or sevoflurane in 60% N2O TIVA 60% N2O Times to awakening and a recovery
score of 10 were significantly shorter,
and the percentage of patients judged
fast-track eligible on arrival in the
PACU was significantly higher, in the
desflurane and sevoflurane groups.

Tang51 140 Propofol for induction followed by
TIVA or sevoflurane with N2O 67%

Anesthesia was induced and
maintained with sevoflurane
in N2O 67%

Compared with sevoflurane-N2O, use of
propofol-N2O for office-based
anesthesia was associated with an
improved recovery profile, greater
patient satisfaction, and lower costs.

Tang44 75 TIVA, BIS index value between 55
and 65

Desflurane with N2O 67%,
BIS index value between 55
and 65

Early recovery times were shorter in the
desflurane group. Fast-track criteria
were met earlier in the desflurane
(versus propofol) group. Use of
desflurane reduced the time to standing
up and ambulating. During the 24 hr
follow-up period, PONV was not
significantly different between the two
groups with triple antiemetic.

Tang34 69 TIVA TIVA with N2O 65% in
oxygen.

Early and late recovery variables were
similar. Propofol anesthesia with
administration of N2O decreased the
anesthetic requirement without
increasing PONV.

Thwaites10 108 Induction with propofol then 2%
sevoflurane

Induction with inhalation of
sevoflurane 8%

Emergence from anesthesia induced
with sevoflurane occurred significantly
earlier compared with propofol, but
significantly more patients rated
induction with sevoflurane as
unpleasant.

Visser32 2010 Isoflurane-N2O TIVA Propofol TIVA results in a clinically
relevant reduction of postoperative
nausea and vomiting compared with
isoflurane-N2O anesthesia (NNT ¼ 6).
Both anesthetic techniques were
otherwise similar.

Zohar19 30 Propofol-fentanyl-sevoflurane, BIS
guided

Propofol-fentanyl-
sevoflurane

Use of BIS monitoring for titrating
sevoflurane failed to improve the early
recovery process for short procedures in
elderly patients.

BIS, bispectral index; LMA, laryngeal mask airway; PONV, postoperative nausea and vomiting; TIVA, total intravenous anesthesia.
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GUIDELINES

There are currently no guidelines on the choice of anesthe-
sia for faster recovery.
AUTHORS’ RECOMMENDATIONS

Although intravenous induction with propofol and inhalational
induction with sevoflurane are both suitable techniques for outpa-
tients, intravenous induction is preferable. Maintenance of anes-
thesia with the newer shorter-acting inhaled anesthetics (i.e.,
desflurane and sevoflurane) provides for a rapid emergence as
compared with propofol TIVA, while allowing easy titratability
of anesthetic depth. However, no differences have been demon-
strated with respect to late recovery (e.g., PACU stay and home-
readiness). Furthermore, titration of hypnotic-sedatives using
electroencephalogram-based brain function monitoring may
reduce the time to awakening and thereby may facilitate fast-
tracking (i.e., bypassing the PACU). Although clinical differences
between desflurane and sevoflurane appear to be small, desflur-
ane may be associated with faster emergence, particularly in
elderly and morbidly obese patients. Balanced anesthesia with
intravenous propofol induction and inhalation anesthesia with
N2O for maintenance, and a supralaryngeal airway device, may
be an optimal technique for ambulatory surgery.

Based on the evidence from randomized controlled trials and
the vast body of literature, induction of anesthesia with propofol
and maintenance with newer shorter-acting inhaled anesthetics
allows for an early emergence, but there is no difference in the
late recovery. Furthermore, propofol TIVA may be beneficial in
patients at very high risk of PONV.
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 Does the Choice of Muscle
Relaxant Affect Outcome?

Ashish C. Sinha, MD, PhD
Neuromuscular blocking agents (NMBAs), colloquially
known as muscle relaxants, play a critical role in the oper-
ative setting. By functioning as acetylcholine inhibitors,
NMBAs create a state of reversible paralysis, helping in
intubation and assisting abdominal surgery, by relaxation
of muscle tone during surgery.

Originating with the purification of d-tubocurarine, by
Dr. Harold King, from a sample of curare stored in a test
tube (thereby the name) in the British Museum, NMBAs
have developed significantly over the years.1 Tubocura-
rine was first used in 1942 at the Homeopathic Hospital
in Montreal by Harold Griffith and Enid Johnson in a
patient having an appendectomy. The credit for introdu-
cing neuromuscular blockade in the surgical setting there-
fore belongs to them.2

NMBAs act in a competitive or noncompetitive manner
to inhibit the translation of neurotransmitter release into
muscle impulse. Structurally similar in functional groups
and stereochemistry to acetylcholine, NMBAs often con-
tain both the ester group and the quaternary amino group
and are therefore able to interact and bind with the nico-
tinic a, d, and e -subunits. As competitive inhibitors to ace-
tylcholine, NMBAs depend for their effectiveness on the
local concentration of blocking agent within the synaptic
volume relative to the natural neurotransmitter. This rela-
tive rather than absolute concentration dependence has
an important impact on both the onset and reversal of
paralysis.

Pharmacokinetics are the major determinant in the
selection of an NMBA, including the speed of onset and
the duration of effect, coupled with careful consideration
of elimination and side effects. The optimal NMBA will
have a fast onset and offset, with minimal cardiovascular
effects, and be easily eliminated by the body, even in
patients with compromised renal or hepatic function.

Muscle response to NMBAs is not homogeneous
because of variation in blood flow and motor plate recep-
tor density. Diaphragm muscles, for example, exhibit
greater resistance to blocking agents than peripheral mus-
cles and thus require higher dosages, but at the same time
respond with a quicker onset of paralysis.

NMBAs can be divided into two categories, based on
the biochemical effect on the muscle: depolarizing and
nondepolarizing agents. In addition, their pharmacologic
impact can be distinguished clinically through the use of
neuromuscular monitoring.
DEPOLARIZING AGENTS

Succinylcholine, the only clinically used depolarizing
NMBA, is structurally similar to a dimer of acetylcholine.
The conditions of intubation provided by succinylcholine
are rapid but not optimal. Bucx and colleagues3 showed
that at least in pediatric patients, the upper airway muscle
tone increases after succinylcholine administration irre-
spective of presence of a volatile agent. The force applied
for laryngoscopy using succinylcholine is more than that
needed with vecuronium.3 This may be attributed partly
to an increase in masseteric tone that succinylcholine can
cause.
NONDEPOLARIZING AGENTS

Nondepolarizing NMBAs function as competitive antago-
nistic inhibitors. By occupying the a-subunit of the nicotinic
receptors, NMBA molecules preclude acetylcholine bind-
ing and cause paralysis by preventing the depolarization
of the muscle membrane. The reversal of neuromuscular
blockade is usually achieved by using an acetylcholinester-
ase inhibitor, along with an anticholinergic to counteract
the cholinergic side effects of the acetylcholinesterase inhib-
itor, especially the serious bradycardia that this drug class
can produce. These drugs are usually paired based on onset
and offset times, neostigmine with glycopyrrolate and
edrophoniumwith atropine. In the future this kind of rever-
sal may be completely avoided by using a cyclodextrin4

(Tables 22-1 and 22-2).
EVIDENCE

Neuromuscular block monitoring and pharmacologic
reversal of blockade with an anticholinesterase drug have
both decreased the incidence of residual block in patients
receiving nondepolarizing neuromuscular blocking drugs.5

There is evidence supporting the use of intermediate-lasting
agents causing less residual neuromuscular block than long-
lasting agents, that is, vecuronium is better than pancu-
ronium.6 Gender may also affect recovery from neuromus-
cular blockade, with women recovering faster than men.7

In terms of age, evidence suggests that the elderly have a
faster onset with vecuronium than cisatracurium.8,9
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Table 22-1 Dosing Recommendations for Neuromuscular Blocking Agents (NMBAs)

PROLONGED SURGERY

Duration NMBA
Intubating
Dose, mg/kg Onset, min Duration, min

Repeat dose,
mg/kg

Infusion Rate
(Range)

Ultrashort Succinylcholine 0.6 (0.3-1.1) 1 4-6 0.04-0.07 2.5-4.0 mg/min
(0.5-10)

Intermediate Atracurium 0.4-0.5 3-5 20-35 0.08-0.1 5-9 mcg/kg/min
(2-15)

Cis-atracurium 0.15-0.2 1.5-2 55-61 0.03 1-2 mcg/kg/min
(1-3)

Rocuronium 0.6 (0.45-1.2) 1-3 22-67 0.1-0.2 10-12 mcg/kg/min
(4-16)

Vecuronium 0.1-0.28 2.5-3 25-30 0.01-0.015 1 mcg/kg/min
(0.8-1.2)

Long Pancuronium 0.06-0.1 2-4 60-100 0.01-0.06 0.01-0.02 mg/kg/hr

Table 22-2 Commonly Used Drugs’ Interactions with Neuromuscular Blocking Agents (NMBAs)

Class of Drugs Effect on Neuromuscular Blockade Dosing and Monitoring

Antiarrhythmics Enhanced neuromuscular blocking activity Monitor response and use lowest possible dose
to achieve adequate blockade.

Antibiotics (amino glycosides,
macrolides, and lincosamides)

Possible excessive blockade and respiratory
depression

Monitor for residual blockade following NMBA
administration.

Antiepileptics Shortened blockade Monitor response; higher or more frequent
dosing.

Aprotinin Prolonged neuromuscular blocking activity Monitor response and use lowest possible dose
to achieve adequate blockade.

Azathioprine Enhanced blockade with depolarizer and
decreased with nondepolarizers

Monitor response and use lowest possible dose
to achieve adequate blockade.

Calcium channel blockers Enhanced neuromuscular blocking activity Monitor response and use lowest possible dose
to achieve adequate blockade.

Corticosteroids Enhanced blockade with depolarizer and
decreased with nondepolarizers

Monitor response and use lowest possible dose
to achieve adequate blockade.

Cyclophosphamide Prolonged apnea with succinylcholine? Monitor response and use lowest possible dose
to achieve adequate blockade.

Digoxin Increased rate of cardiac arrhythmias With succinylcholine, cardiac monitoring is
recommended.

Inhalation anesthetics Enhanced neuromuscular blocking activity Monitor response and use lowest possible dose
to achieve adequate blockade.

Lithium Protracted neuromuscular blocking activity Monitor response and use lowest possible dose
to achieve adequate blockade.

Magnesium Enhanced neuromuscular blocking activity Monitor response and use lowest possible dose
to achieve adequate blockade.

Metoclopramide Extended neuromuscular blocking activity Monitor response and use lowest possible dose
to achieve adequate blockade.

Oral contraceptives Extended neuromuscular blocking activity
with depolarizer

Monitor response and use lowest possible dose
to achieve adequate blockade.

Oxytocin Enhanced neuromuscular blocking activity Monitor response and use lowest possible dose
to achieve adequate blockade.

Terbutaline Enhanced neuromuscular blocking activity Monitor response and use lowest possible dose
to achieve adequate blockade.

Tricyclic antidepressants Risk of cardiac arrhythmias Cardiac monitoring is essential.
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SIGNIFICANT DISEASE STATE INTERACTIONS

The situations in which potential clinical effects of NMBAs
are potentiated or antagonized are described next. Common
neuromuscular diseases that accentuate blockade are myas-
thenia gravis and Eaton-Lambert syndrome. Hypermagne-
semia, hypocalcemia, hypokalemia, and hyponatremia can
cause a similar effect. Other conditions that prolong block-
ade with NMBAs are atypical plasma cholinesterase and,
depending on the metabolic route of elimination, liver
(rocuronium and vecuronium) or kidney (pancuronium)
disease. Because a state of acidosis will prolong metabolism,
it also potentiates blockade.

Similarly, demyelinating diseases, peripheral neuropa-
thies and hemiparesis (for many months after a significant
burn injury), hypercalcemia, and alkalosis will all attenu-
ate neuromuscular blockade.

The risks of arrhythmias secondary to increase in
plasma potassium by succinylcholine can be severe
enough to cause cardiac arrest in certain situations. This
is secondary to extrajunctional receptors that appear after
major burns, multiple trauma (especially crush injury),
spinal cord injury, or skeletal muscle denervation. Preex-
isting hyperkalemia and digitalis toxicity also predispose
to fatal arrhythmias with the use of succinylcholine. Even
small doses of succinylcholine (approximately 20 mg) can
cause increased release of potassium as early as 2 to 4
days after denervating injury. The duration of risk is
unclear but probably decreases within 6 months of injury.
It would then seem prudent to avoid administration of
succinylcholine to any patient more than 24 hours after a
burn injury, extensive trauma, or spinal cord transection.
Avoidance should continue for 6 months at least, but
1 year is probably safer.

Physiologic changes of pregnancy influence pharmaco-
kinetics and pharmacodynamics of NMBAs. Clinical
action of vecuronium is significantly enhanced, rocuro-
nium is either enhanced or prolonged, and atracurium
and mivacurium are either unchanged or only slightly
prolonged.10 This makes the latter two the optimal choices
for neuromuscular blockade in pregnancy. Magnesium,
often used in the preeclampsia setting in pregnancy, sig-
nificantly increases the block of mivacurium, rocuronium,
and vecuronium.10 This implies that anesthetic care would
involve careful dosing and continuous monitoring of the
state of paralysis. Blockade induced by succinylcholine is
unchanged in the pregnant patient at a 1 mg/kg dose. A
dose greater than 1.7 mg/kgmay demonstrate an increased
block.10 To prevent effects on the newborn,minimal dosing,
along with monitoring and preferential use of short-acting
drugs, is probably prudent.
ANAPHYLAXIS WITH NMBAs

The most common pharmacologic cause of perioperative
anaphylaxis is muscle relaxants.11 The French Periopera-
tive Anaphylactoid Reactions Study Group reported that
over 60% of anaphylactic reactions were caused by muscle
relaxants.12 The potential for cross reactivity exists because
of the common tertiary and quaternary ammonium groups,
though very few patients are allergic to all nondepolarizing
drugs.13,14 There was some concern in the last decade about
an increased rate of anaphylaxiswith regard to use of rocur-
onium,15-18 based on reports out of Denmark andNorway19

and France.20 According to Bhananker and colleagues,21

there is no significant difference between the incidence of
anaphylaxis with rocuronium or vecuronium, with both
being in the one-in-a-million vial range.
AREAS OF UNCERTAINTY

All currently used NMBAs have some limitations and
drawbacks, and therefore the quest for the optimal NMBA
continues. This drug should have the following qualities:
it should have an extremely fast onset, be noncumulative,
be metabolized independently of renal or hepatic function,
be easily and rapidly reversed, and have fewor no contrain-
dications and side effects. Research on this front continues,
and new nondepolarizing agents that show promise are
being developed as derivatives of tropinyl diesters and
bis-tetrahydroquinolinium chlorofumarates.

The most noteworthy occurrence in the field of neuro-
muscular blockade since the withdrawal of rapacuronium
in March 2001 is the development of the reversal agent
sugammadex. Sugammadex is a g-cyclodextrin that forms
water-soluble complexes with the steroidal neuromuscular
blocking drugs.4 It can reverse even very profound block-
ade before the start of spontaneous recovery. When used
with rocuronium in a rapid-sequence induction situation,
it is even faster than succinylcholine with regard to onset-
offset. This kind of reversal eliminates the need for addi-
tional anticholinesterase or anticholinergic drugs, and their
attendant side effects, thereby making neuromuscular
blockade and its reversal safer.4 Sugammadex allows not
just the rescue of patients in “cannot intubate, cannot venti-
late” scenarios, but also would allow a rapid reversal in
cases requiring profound blockade until the very end of
surgery, without waiting for some spontaneous recovery
of neuromuscular function.
GUIDELINES

It is possible that sugammadex, if it lives up to its promise
and potential, may become part of the guidelines in neu-
romuscular blockade usage in the future. Food and Drug
Administration warnings exist about the use of succinyl-
choline in pediatric patients for the fear of unmasking pre-
existing myopathy. Partly because of this, rocuronium has
increasingly become the drug of choice in the pediatric
population.

Rapid control of airway, even in the adult patient, can
be achieved with a larger dose of rocuronium (0.9 mg/kg)
in case succinylcholine is contraindicated for any reason.
The time for readiness for intubation is comparable, and
in the 60-second range.
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AUTHOR’S RECOMMENDATIONS

The choice of neuromuscular blocking drug will affect outcomes
in anesthesia. The choice will depend on patient factors such as
time since last meal, pregnancy, mental status, diseases such as
myasthenia gravis, patient or family history of malignant hyper-
thermia (MH), type of surgery, perceived difficulty of intubation,
availability and familiarity of the practitioner with the drug, and
cost considerations. The potent drugs have a slower onset and
the less potent have a quicker onset secondary to the amount of
drug used; higher numbers of drug molecules are able to attach
to the neuromuscular junction (NMJ) quicker, to create paralysis.

l If rapid onset of paralysis is required and there are no
contraindications to succinylcholine, it is the obvious choice.
If myalgia is a concern, as in the muscular patient, a small
defasciculation dose of an intermediate-acting NMBA should be
considered.

l Alternatively, rocuronium, at the higher dose of 0.9 mg/kg, can
achieve intubating conditions in 60 seconds in most patients,
which compares favorably to succinylcholine. In my practice
I use either of these drugs at induction.

l Continuous following of trend of neuromuscular blockade and
trying to keep the patient at one or two twitches out of four
with either a small dose each time or an infusion is probably
ideal.

l The risk of anaphylaxis is equivalent in most intermediate-
and long-acting NMBAs and therefore is probably a
nonconsideration for drug choice.

l Residual blockade is a definite consideration and underscores
the impact that residual blockade can have on outcomes. Full
dose reversal, after the initiation of some spontaneous reversal,
should be the common practice. The hesitation of reversal
derives from expected side effects of drug combinations used
for reversal. This is where my enthusiasm about the develop-
ment of sugammadex, the specific chelating agent for rocuro-
nium, comes from.

l Sugammadex effectively reverses deep and prolonged
neuromuscular block induced by rocuronium. The effective
reversal dose appears to be 2 to 4 mg/kg. This reversal can be
accomplished any time after the drug is administered, allowing
an escape from the “cannot intubate, cannot ventilate” situation.
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23
 Does Anesthetic Choice Affect
Surgical and Recovery Times?

Anil Gupta, MD, FRCA, PhD
General anesthesia is common for operations during ambu-
latory surgery in most centers in the Western world. Out-
come following surgery and anesthesia is an important
aspect that should be considered when deciding on the
choice of general anesthetic for ambulatory surgical pro-
cedures. Although mortality rates are extremely low follow-
ing general anesthesia in the ambulatory setting,1 minor
morbidity in the form of postoperative pain, nausea and
vomiting, fatigue, shivering, headache, and drowsiness
continues to affect a large number of patients.2With the con-
tinuing emphasis on expansion of ambulatory surgery and
the inclusion of elderly and sicker patients onto operating
lists, it is likely that both mortality and morbidity rates will
increase in the future. Although some systematic reviews
have been published in the literature comparing general
with regional anesthesia formajor surgerywith focus onout-
come, the choice of anesthetic agents for general anesthesia
in the ambulatory setting remains controversial. Specifically,
the choice of anesthetic in terms of outcome following ambu-
latory surgery remains poorly explored.

OPTIONS

Two commonly used methods for general anesthesia for
ambulatory surgery are total intravenous anesthesia
(TIVA) and inhalation anesthesia. Although propofol is
practically the only anesthetic used for TIVA, many inha-
lation anesthetics are available today, and the choice of
these agents has been the subject of many published stud-
ies and a great deal of controversy. Surprisingly, there are
only two systematic reviews published on this interesting
subject,3,4 which included both inpatients and outpatients.
A recent review of the literature did not reveal many new
publications in the last 5 years on this subject. In this
chapter, the evidence is derived from well-performed pro-
spective studies combined with the author’s own experi-
ence, as well as data from two currently unpublished
systematic reviews in adults.

ENDPOINTS OF INTEREST IN AMBULATORY
SURGERY

To analyze the benefits of one anesthetic over another, it is
important to be able to define the endpoints that are of
interest to the patient and the hospital. One easily defined
endpoint that is of interest both to the patient and hospital
is mortality risk following ambulatory surgery. However,
the mortality rate is extremely low in this group of
patients,1 and therefore it would be difficult to confirm that
the choice of anesthetic has any significant effect on periop-
erative mortality risk during ambulatory surgery. Another
endpoint of importance, which is less well defined, is major
morbidity. However, effect of the choice of anesthetic agent
on this important outcome remains unclear.

A differentiation must be made between measuring
“true outcomes” and “surrogate outcomes.”5 Examples of
true outcomes include discharge times, return to work,
admission and readmission, and patient satisfaction; exam-
ples of surrogate outcomes include incidence of pain, time
to first analgesic consumption, early recovery (response to
commands) following anesthesia, and nausea and vomit-
ing. Surrogate measures should be accepted only if they
yield the same conclusions as their nonsurrogate end-
points.5 True outcomes such as patient satisfaction are
probably the most important factors from the patient’s per-
spective but remain poorly defined and poorly studied.
Because most patients have not undergone the same
operation twice using different anesthetics, gathering of
evidence is restricted to asking patients whether they
were satisfied with the anesthetic. Most patients usually
answer “yes” to this question, but the answer is of limited
value to the researcher. Studies for which the authors have
interviewed patients about the preference of inhalation
induction compared with intravenous induction (sevoflur-
ane or desflurane versus propofol) have usually preferred
propofol to sevoflurane.6 This could be because of themood
elevation following propofol anesthesia that has been
suggested by many authors but the mood elevation effect
has never been shown to be the case.

The following endpoints of quality have been evaluated
in this chapter to provide the evidence for the selection of
the best maintenance agent during ambulatory surgery:
“early” recovery (“time to open eyes” and “time to obey
commands”); “intermediate” recovery (“time to transfer
from phase I to phase II,” “home-readiness,” and “home
discharge”); and minor in-hospital complications, including
“pain,” “nausea or vomiting,” “antiemetics” used, “dizzi-
ness/giddiness,” “drowsiness/somnolence,” “headache,”
“shivering,” and “coughing.” Patient satisfaction has been
excluded because it is a crude indicator of the evidence
for the choice of anesthetic for ambulatory surgery, as dis-
cussed earlier. “Pain” as a postoperative complication has
not been addressed because of the different ways in which
143



144 Section III PERIOPERATIVE MANAGEMENT
it has been measured and the complexity of its interpreta-
tion. Not only do the visual analog scales (VAS) for pain
vary between authors, but the time to pain assessment dif-
fers, the analgesics used vary considerably between studies,
and not all authors present data as VAS, preferring to pres-
ent data as “time to first analgesic requirement” or “the
number of patients requesting analgesics.” In addition,
because of the variable nature of surgery and consequently
postoperative pain, I believe that the data could be incor-
rectly interpreted, leading to false conclusions. Therefore
data have not been extracted on pain intensity or analgesic
requirements in this review.
EVIDENCE FOR TOTAL INTRAVENOUS
OR INHALATION ANESTHESIA

Two systematic reviews published in the literature compar-
ing inhalation versus intravenous anesthesia have included
both inpatients and outpatients,3,4 which somewhat limits
the scope of the findings. Therefore we performed a system-
atic review of the literature using Medline via PubMed, and
42 articles were extracted addressing aspects of recovery fol-
lowing ambulatory surgery.7 Halothane and enflurane were
not taken into consideration in this review because these
agents are rarely used during ambulatory surgery today.
A summary of the findings is given as follows.
Table 23-1 Postoperative Recovery Profiles and Min
Compared with the Inhaled Anesthetics

Endpoint Propofol vs. Isoflura

Time to open eyes (min) 0.2 (-1.6 to 1.3)}

Time to obey commands (min) 0.5 (-1.0 to 1.9)}

Time to transfer from phase 1 to phase 2 (min) 4.3 (-5.4 to 14.1)}

Time to home-readiness (min) 9.3 (-17 to 36)}

Time to home discharge (min) 15 (8 to 23){ (P)

Postoperative nausea (PON) 2.0 (1.6-2.5){ (P), NNH

Postoperative vomiting (POV) 3.2 (1.3-7.5){ (P),
NNH ¼ 10

Postoperative drowsiness NR

Postoperative dizziness NR

Postoperative shivering 0.8 (0.6-1.3)

Postoperative headache 3.3 (1.1-9.6)* (P), NNH

Antiemetics given 2.7 (1.7-4.2){ (P),
NNH ¼ 8.5

Postdischarge nausea (PDN) 1.8 (1.3-2.5){ (P), NNH

Postdischarge vomiting (PDV) 2.5{ (1.6-4.1) (P), NNH

All results are shown as weighted mean difference (WMD) or relative risk (mean a
*P < 0.05.
{P < 0.01.
{P < 0.001.
Significant results are shown in favor of the following: S ¼ sevoflurane, I ¼ isoflur
}Significant heterogeneity; NR ¼ not reported (or reported in only one study); NNH
From: Gupta A, Zuckerman R, Stierer T, et al: Anesthesia and Analgesia 2004;98:632-

Rights were not granted to
electronic media. Please re
Propofol versus Isoflurane

A total of 18 studies were found that had data that could be
extracted in the postoperative period. No differences were
found between propofol and isoflurane in early recovery
or transfer fromphase I to phase II, but therewas significant
heterogeneity between groups in all these parameters
(Table 23-1). However, home discharge was significantly
earlier in the propofol group (15 minutes, confidence inter-
val [CI] 8 to 23minutes). Therewas a greater relative risk for
postoperative complications, including nausea (number
needed to treat [NNT] 8), vomiting (NNT 10), and headache
(NNT 22) in the isoflurane group (see Table 23-1). The use
of antiemetics (relative risk [RR] 2.7, CI 1.7 to 4.2) was also
more common in the isoflurane group. The relative risk
for postoperative nausea and vomiting after 24 hours was
also significantly higher in the isoflurane group versus the
propofol group (see Table 23-1).

Propofol versus Sevoflurane

We found a total of 11 studies with extractable data that
compared sevoflurane with propofol in an ambulatory sur-
gical setting. No difference was found in the time to open
eyes between the sevoflurane and propofol groups, but time
to obey commands was faster in the sevoflurane group (1.6
minutes, CI 0.3 to 3.0), with significant heterogeneity
between groups (see Table 23-1). No significant difference
or Complications Associated with Propofol

ne Propofol vs. Desflurane
Propofol vs.
Sevoflurane

1.3 (0.4 to 2.2)}{ (D) 0.9 (-2.2 to 0.5)}

1.3 (0.4 to 2.3)}{ (D) 1.6 (0.3 to 3.0)}* (S)

NR 3.6 (-13.5 to 6.4)}

3.1 (-7.7 to 1.5) 5.6 (-3.4 to 14.5)}

3.9 (-9.3 to 1.5) 10.3 (3.9 to 16.6){ (P)

¼ 8 2.0 (1.4 to 2.8){ (P), NNH ¼ 7 1.6 (1.2-2.0){ (P), NNH ¼ 11

2.6 (1.4 to 4.8){ (P),
NNH ¼ 10

2.0 (1.3-3.0){ (P),
NNH ¼ 15

NR 0.9 (0.1-5.9)}

NR 1.4 (0.8-2.3)

1.5 (0.4-5.4)} 0.8 (0.5-1.3)

¼ 22 3.5 (0.6-19.8) 1.0 (0.2-7.1)

3.3 (1.8-6.0){ (P),
NNH ¼ 8

4.5 (1.5-14.0){ (P),
NNH ¼ 11

¼ 8 1.2 (0.7-2.1) 1.3 (0.7-2.3)

¼ 9 2.6 (0.1-62.7) NR

nd 95% confidence intervals).

ane, D ¼ desflurane, and P ¼ propofol when significant.
¼ numbers needed to harm for significant differences.

641.

include this content in
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was found in the time to home-readiness between the
groups, but with significant heterogeneity between the
groups. The time to home discharge was earlier in the pro-
pofol group than in the sevoflurane group (10.3 minutes, CI
3.9 to 16.6). The relative risk for postoperative complications,
including postoperative nausea (NNT 11) and vomiting
(NNT 15), was significantly greater in the sevoflurane group
versus the propofol group, but with significant heterogene-
ity between the groups (see Table 23-1). The need for anti-
emetics in the postoperative period was significantly
greater in the sevoflurane group (RR 4.5, CI 1.5 to 14.0). No
other significant differences were seen between the groups.

Propofol versus Desflurane

Thirteen studies had extractable data that were included in
themeta-analysis. Time to open eyes was significantly faster
in the desflurane group versus propofol (1.3 minutes, CI 0.4
to 2.2) (p ¼ 0.004), as was the time to obey commands (1.3
minutes, CI 0.4 to 2.3) (p ¼ 0.007), with significant heteroge-
neity between the groups (see Table 23-1). No differences
were found in home-readiness or home discharge between
the groups. The relative risk for postoperative complica-
tions, including postoperative nausea (NNT 7) and vomit-
ing (NNT 10), was significantly greater in the desflurane
group versus the propofol group (see Table 23-1), and the
need for antiemetics was also higher in the desflurane group
(RR 3.3, CI 1.8 to 6.0) (p¼ 0.0001). No other differences were
seen between the groups with respect to postoperative
complications.

Summary

Although early recovery (time to open eyes and obey
commands) was quicker in the sevoflurane and desflur-
ane groups versus the propofol group, the mean differ-
ences were small (1 to 2 minutes). On the other hand,
propofol (TIVA) had some important benefits in terms of
home discharge and postoperative side effects, specifically
nausea and vomiting up to 24 hours.

Early recovery, characterized by time to open eyes and
obey commands, is faster following desflurane and sevoflur-
ane anesthesia comparedwith propofol anesthesia. Interme-
diate recovery, characterized by home discharge (but not
home-readiness), is fastest in patients anesthetizedwith pro-
pofol compared with sevoflurane and isoflurane, but not
desflurane. Postoperative complications, specifically nausea
and vomiting, are lowest in the propofol group compared
with desflurane, sevoflurane, or isoflurane. The choice of
anesthetic for maintenance of anesthesia should be guided
by the training and experience of the individual physician,
aswell as the routines and equipment available in the hospi-
tal, because choice of anesthetic agents appears to play a
minor role in outcome following ambulatory surgery.
EVIDENCE FOR ISOFLURANE, DESFLURANE,
OR SEVOFLURANE ANESTHESIA

Until the early 1990s the inhalation agents used were iso-
flurane, halothane, and enflurane. With the introduction
of desflurane and subsequently sevoflurane, the popular-
ity of enflurane and even halothane has dwindled and
these agents are now rarely used. Despite the large num-
ber of articles published in the literature comparing iso-
flurane, desflurane, and sevoflurane, recovery following
ambulatory surgery is, at best, poorly studied. We were
able to extract data from only 16 studies and 1219 patients
in which the authors had compared these three agents in
randomized prospective studies during ambulatory sur-
gery. The results from these studies are presented next.

Isoflurane versus Desflurane

A total of four studies compared isofluranewith desflurane
in the ambulatory setting. In all, 277 patients undergoing
different ambulatory surgical procedures were included
in these studies. Muscle relaxants were used during sur-
gery in two studies, and nitrous oxide in all studies. A sta-
tistically significant difference was found in time to open
eyes (p <0.004) and time to obey commands (p <0.01)
but in no other parameter of recovery (Table 23-2). The
weighted mean differences in the recovery indices between
desflurane and isoflurane were modest (4 to 5 minutes), all
in favor of desflurane. A higher overall incidence of shiver-
ing postoperatively was seen in the desflurane-treated
patients compared with isoflurane (see Table 23-2). No
other differences were found in the incidence of postopera-
tive complications between these groups.

Isoflurane versus Sevoflurane

Six studies could be included, with relevant data examin-
ing a total of 634 patients undergoing a variety of ambula-
tory surgical procedures. Nitrous oxide was used in all
studies, although four studies used muscle relaxants dur-
ing surgery and the others did not. Statistically significant
differences were found in the time to open eyes, time to
obey commands, time to transfer from phase I to phase
II, home-readiness (p <0.00001), and home discharge
(p ¼ 0.05) (see Table 23-2). The results of the latter are,
however, based on two studies that could be identified
with relevant data. The weighted mean differences in the
recovery indices between sevoflurane and isoflurane were
small, but all in favor of sevoflurane. Drowsiness was
more frequent in the isoflurane group versus sevoflurane
in the postoperative period (p ¼ 0.03) (see Table 23-2).

Sevoflurane versus Desflurane

In all, six studies compared sevoflurane with desflurane,
with a total of 246 patients. A majority of studies examined
patients undergoing gynecologic laparoscopy, and nitrous
oxide was used in all but one study. Muscle relaxants
were used during anesthesia in four studies. Recovery
parameters, including time to open eyes, were found to
be statistically significant (p<0.005), as well as time to obey
commands (p <0.00001), oth in favor of desflurane
(see Table 23-2). The weighted mean differences in these
recovery indices between the groups were minor and in
favor of desflurane. The time to transfer from phase I to
phase II was, however, found to be earlier in the sevoflur-
ane group versus the desflurane group (p <0.00001)
(weighted mean difference 6 minutes). No other significant
differences were found between the two anesthetic agents



Table 23-2 Postoperative Recovery Profiles and Minor Complications Associated with Different
Inhaled Anesthetic Regimens

Endpoint Isoflurane vs. Desflurane Isoflurane vs. Sevoflurane Sevoflurane vs. Desflurane

Time to open eyes (min) NR 2.4 (1.8 to 2.9){ (S) 1.4 (-0.1 to 2.9){

Time to obey commands (min) 4.6 (1.1 to 8.2){ (D) 2.4 (1.8 to 2.9){ (S) 2.7 (1.2 to 4.1){ (D)

Time to transfer from phase 1 to phase
2 (min)

1.3 (-10 to 8) 8.2 (5.7 to 10.6){ (S) 6.4 (3.7 to 9.0){ (S)

Time to home-readiness (min) 6.4 (-8.7 to 21.5) 5.1 (2.8 to 7.4){ (S) 2.0 (-16 to 12)

Time to home discharge (min) NR 25 (0.4 to 50)* (S) 2.1 (-18 to 13)

Postoperative nausea (PON) 1.7 (1.0-3.1) 1.2 (0.8-1.9){ 0.7 (0.4-1.2)

Postoperative vomiting (POV) 0.8 (0.3-1.6) 0.9 (0.6-1.4) 0.7 (0.2-1.8)

Postoperative drowsiness NR 0.6 (0.4-1.0)* (S), NNH ¼ 9.5 1.0 (0.6-1.6)

Postoperative dizziness NR 0.8 (0.4-1.5) NR

Postoperative shivering NR NR NR

Postoperative headache NR NR NR

Antiemetics given NR 1.0 (0.7-1.4) NR

Postdischarge nausea (PDN) NR 0.4 (0.3-0.7){ (S), NNH ¼ 7.2 0.8 (0.4-1.7)

Postdischarge vomiting (PDV) NR 0.8 (0.4-1.6) NR

All results are shown as weighted mean difference (WMD) or relative risk (mean and 95% confidence intervals).
*P <0.05.
{P <0.01.
Significant differences are shown in favor of the following: S ¼ sevoflurane, I ¼ isoflurane, and D ¼ desflurane when significant.
{Significant heterogeneity; NR ¼ not reported (or reported in only one study), NNH ¼ numbers needed to harm for significant differences.
From: Gupta A, Zuckerman R, Stierer T, et al: Anesthesia and Analgesia 2004;98:632-641.
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in recovery indices. No differences were found in the inci-
dence of postoperative complications between the sevo-
flurane and desflurane groups (see Table 23-2).

Summary

Minor differences were found in the time to early recovery
(in favor of desflurane and sevoflurane compared with iso-
flurane), but no differences were found between the inhala-
tion agents in the intermediate recovery indices (home-
readiness or home discharge). In addition, minor complica-
tions occurred with all agents, some of which favored one
agent whereas others favored another agent, with only
minor differences between the inhalation agents.

CONCLUSIONS

In this meta-analysis of the literature in patients under-
going ambulatory surgery, we found that early recovery
was faster in desflurane versus sevoflurane, which in turn
was faster than isoflurane. Intermediate recovery was fas-
ter in the sevoflurane versus the isoflurane groups, and
apart from minor differences in postoperative complica-
tions (e.g., drowsiness), no other differences were found
between these inhalation anesthetics. In general, the dif-
ferences were small in magnitude, and the clinical rele-
vance of this is very likely minimal. The choice of
inhalation agent for maintenance of anesthesia appears
to play a minor role for outcome following ambulatory
surgery.
AREAS OF UNCERTAINTY

Although every effort was made to search the literature
for articles meeting our inclusion criteria, some studies
with relevant data may have been missed, and this
remains a problem with any systematic analysis. We
searched only literature in English, which could be con-
sidered a bias because many excellent studies have been
published in non-English journals. Some authors did not
clearly state whether the data presented applied to inpati-
ents or outpatients. This has been a source of frustration
and limits our conclusions from studies that provided
data for outpatients alone. One other problem was that
authors had used different terminology to define a similar
event. Thus some authors used “time to eye-opening”
whereas others used “time to awakening”; similarly, some
authors used “time to response to commands” whereas
others used “time to orientation”; “dizziness” and “giddi-
ness” were used to mean (we believe) the same thing, as
were “drowsiness” and “somnolence.” We agreed to
make a distinction between “home-readiness” and “home
discharge” because these are two different parameters.
Universal agreement on many of these ill-defined para-
meters could be an advantage for the purpose of research
in future studies. Finally, the data presented here are
based on 2 to 15 studies in each group, which is a severe
limitation to the conclusions, and therefore more studies,
with well-defined objectives and comparing a similar
group of patients undergoing ambulatory surgery, are
needed in the literature.
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GUIDELINES

Formal guidelines regarding the choice of anesthetic
agents for ambulatory surgery do not exist because of
the minor differences between agents, and also because
of the lack of outcome data to conclude the superiority
of one agent over another. The largest trials have often
concluded that choice of anesthetic agent plays a minor
role (if any) in morbidity and mortality risk following
ambulatory surgery. Even the crude indicators of recovery
following anesthesia, including early and intermediate
recovery, as well as home-readiness and home discharge,
have minimal clinical significance in efficient day surgical
units. Local practices, including physician or patient pre-
ferences, availability of equipment (vaporizers and infu-
sion pumps), and staffing patterns, would dictate the
anesthetic agents that should be used for ambulatory sur-
gery. Although a greater number of patients can probably
be “fast-tracked” using the newer inhalation agents such
as desflurane and sevoflurane versus propofol, the overall
advantage to the patient, or even the health care system, is
probably minimal in terms of cost savings. In an excellent
article published in 2002,8 it was shown clearly that it is
the efficient organization of an ambulatory surgical unit,
rather than anesthetic drugs, that plays a key role in
patient satisfaction.
AUTHOR’S RECOMMENDATIONS

Taking into consideration the remarks made earlier, and in view
of the limited information available on many aspects of these
anesthetic agents, as well as from the evidence available in the lit-
erature on aspects of recovery, we offer the following suggestions
on the use of anesthetic agents in a day surgical unit:

l Induction of anesthesia: Whenever intravenous access is available
in adult patients, propofol offers a definite and clear advantage
over thiopentone during ambulatory surgery. Even when
compared with inhalation agents such as sevoflurane, propofol
offers advantages in better and smoother induction of
anesthesia and greater patient satisfaction with earlier recovery
and therefore should be the natural choice in all but the most
exceptional circumstances.

l Maintenance of anesthesia: Early recovery may be delayed by 1 to
2 minutes following propofol infusion compared with
sevoflurane or desflurane. However, the overall advantages of
propofol in terms of reduced incidence of postoperative nausea
and vomiting, as well as earlier home discharge, would favor
the latter.

l Choice of inhalation agent: Early recovery is faster using
desflurane versus sevoflurane or isoflurane. However, the
time to transfer to phase II is earlier in sevoflurane, and minor
complications appear to be equally distributed among the
three agents. Therefore factors other than recovery and minor
postoperative complications should be considered when
determining the inhalation agent of choice in the day
surgical unit.
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Introduction

A broad variety of techniques and modes of mechanical
ventilation are now available to physicians, thanks to
improvements in technology. For the most part, the
design of these techniques is based on sound physiologic
principles. However, there is limited evidence that venti-
latory techniques and modes affect hard outcomes. Addi-
tionally, the existing randomized controlled trials (RCTs)
do not indicate the superiority of any specific mode but
they only support certain general strategies for mechani-
cal ventilation, such as tidal volume (TV) limitation and
the use of ventilator liberation protocols. It can be argued
that clinicians should choose only those modes and tech-
niques that are time honored and have been used in the
few existing positive RCTs. Although this approach will
benefit a broad population, it is common experience that
many patients require a more articulated strategy. In these
cases, knowledge of the benefits of the different ventila-
tory techniques helps the clinician to individualize respi-
ratory care, using the available modes within a general
strategy that is supported by solid evidence.

Options—Description of Ventilatory Modes

Assist Control Ventilation

During assist control ventilation (ACV), the ventilator
delivers a mandatory breath every time the patient initi-
ates an inspiration. A backup respiratory rate is set to
guarantee that the patient always receives a minimal
number of breaths, even in the absence of spontaneous
inspiratory activity. Mandatory breaths can be delivered
with either volume or pressure control. During ACV, the
inspiratory time is preset and invariable.

Pressure Support Ventilation

Pressure support ventilation (PSV) assists each inspiratory
attempt by the patient with a pressure-limited breath, thus
partitioning the work of breathing (WOB) between patient
and ventilator.1,2 The patient maintains partial control of
TV and respiratory rate; the operator allows the patient to
performmore or lessWOBbymodifying the level of inspira-
tory pressure.3 PSVdiffers fromACV for the lack of a backup
rate and for the fact that, during PSV, inspirations have vari-
able duration and are terminated when inspiratory flow
decreases below a predetermined threshold value.
Synchronized Intermittent Mandatory Ventilation

Synchronized intermittent mandatory ventilation (SIMV)
assists with a mandatory breath only an adjustable frac-
tion of patient’s inspiratory attempts. Unlike ACV, addi-
tional inspirations are either unassisted or partially
assisted with PSV. During SIMV, higher mandatory rates
are used for patients who require higher levels of ventila-
tory assistance and are progressively decreased during the
weaning process, allowing the patient to accomplish more
unsupported breaths.

Proportional Assist Ventilation

Proportional assist ventilation (PAV) is characterized by
the delivery of a variable airway pressure that is continu-
ously adjusted throughout each breath to match patient’s
inspiratory effort.4 Patient’s effort is estimated using the
continuous measurement of inspired flow and volume in
relation to respiratory system compliance and resistance.5

The use of PAV has been limited so far by the lack of a reli-
able method to frequently measure respiratory mechanics
variables at the bedside, but these measurements are
now available thanks to a recent addition to the PAV
software.6-8

Airway Pressure-Release Ventilation and Biphasic
Positive Airway Pressure

Airway pressure-release ventilation (APRV) is a mode of
ventilatory support in which the patient breathes sponta-
neously at a high level of continuous airway pressure,
with periodic releases to a low positive end-expiratory
pressure (PEEP). CO2 exchange is partly accomplished
by the patient’s activity and partly by exhalations during
pressure releases.9 The volume exhaled during releases
depends on patient’s mechanics and on the difference
between the high pressure and the PEEP. The release time
is typically maintained lower than 1.5 seconds and PEEP
is usually very low or zero. Biphasic positive airway pres-
sure (BiPAP) is a variant of APRV in which a nonnegligi-
ble PEEP is applied during releases, which are of longer
duration.10 During BiPAP, patient’s inspiratory activity
occurs also at PEEP.

High-Frequency Oscillatory Ventilation

High-frequency oscillatory ventilation (HFOV) is a mode
of ventilatory support in which small TVs are delivered
at a very high rate, in the range of 3 to 15 Hz. During
HFOV, gas runs continuously through the ventilator
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tubing and is oscillated by a piston placed within the cir-
cuit. The oscillations are thus transmitted to the patient’s
lungs, producing cyclic, rapid inflations and deflations.
The clinician adjusts the amplitude of the oscillations,
their frequency, and the continuous gas flow rate to mod-
ulate CO2 exchange. Arterial oxygenation is proportional
to mean airway pressure, which is regulated by a valve
placed on the exhaust port of the circuit. The main advan-
tage of HFOV is that it allows the delivery of TVs that,
although not negligible,11 are still lower than with any
other modes of ventilation, thus minimizing alveolar over-
distention. The fact that normal blood gases can be
attained also at very low TVs has been explained using
nonbulk, alternative models of gas exchange.12

Evidence

Lung Protective Strategy

The choice between modes of mechanical ventilation is
probably less important than the adoption of certain gen-
eral ventilatory strategies. Among these, the use of lung
protection is the one that is supported by the strongest
evidence. In fact, three RCTs have suggested that the
use of small TVs relative to ideal body weight (6 to
8 mL/kg) improve outcomes of acute lung injury (ALI)
and acute respiratory distress syndrome (ARDS) com-
pared with larger TVs.13-15 This research was prompted
by animal studies showing that alveolar overdistention
causes a mechanical and inflammatory injury called venti-
lator-induced lung injury (VILI).16,17 In many patients, the
use of low TVs will result in impaired CO2 clearance and
permissive hypercapnia may be necessary. The benefits
of hypercapnia in ALI/ARDS have only been suggested
by descriptive studies18 and by a secondary analysis of
data from an RCT.19 However, TV reduction should take
precedence over the goal of normalizing arterial PCO2 in
ALI/ARDS patients. In fact, there is currently no evidence
that moderate hypercapnia and acidosis are harmful to
patients who do not have specific conditions such as intra-
cranial hypertension and severe pulmonary hyperten-
sion.20 Many clinicians treat ALI/ARDS patients with
volume-controlled ACV because volume limitation guar-
antees the delivery of TV values within the range of a
Table 24-1 Highest Level of Evidence for Ventilatory

Patient Group Strategy Level of E

ALI/ARDS TV limitation
Use of partial support modes
Open lung approach
Permissive hypercapnia
Ventilator liberation protocols

A13-15

D24-27

A13,14,82

B18,19

A39,40

Non-ALI/ARDS TV limitation
Ventilator liberation protocols

B76,77

A39,40

COPD/asthma Ventilator liberation protocols
NIV
Permissive hypercapnia
PEEP

A39,40

A73,74

B69

C70,71
lung-protective strategy. However, one RCT did not detect
outcome differences between volume- and pressure-
controlled ACV21 (Table 24-1).

Use of Partial Ventilatory Support

The main goal of mechanical ventilation is to support CO2

excretion and can be accomplished either by having the
ventilator substituting for the patient’s inspiratory mus-
cles (total ventilatory support) or by letting the patient
and the ventilator share the effort of breathing (partial
support). Although there is no RCT suggesting a superior-
ity of either strategy, it is currently accepted that partial
support is more desirable. In fact, total ventilatory support
invariably requires deep sedation and often muscle relax-
ants. It is now recognized that minimization of sedatives
is beneficial. This is based on results of RCTs where pro-
tocols to decrease sedation improved clinical outcomes
compared with standard management.22,23 Additionally,
prolonged muscle relaxation is known to be harmful,
and complete suppression of inspiratory activity has been
shown to be associated with diaphragm dysfunction in
animal models.24-26 A recent study showed a pattern of
diaphragm myofiber atrophy in organ donors ventilated
for longer than 18 hours.27

PSV has been in circulation for more than 20 years and
is probably one of the simplest ways to provide partial
ventilatory support. However, its use is still relatively lim-
ited, as shown by a large prospective cohort study,28

and is mainly relegated to the weaning process in patients
who do not have severe oxygenation impairment. How-
ever, PSV can be used more broadly: in an observational
prospective study, PSV was tolerated by a majority of
patients with ALI.29 In this study, failure of PSV was
related to impaired respiratory mechanics and elevated
dead space, rather than to poor oxygenation.

SIMV was an early form of partial ventilatory support
and is still widely used, both for weaning and as a pri-
mary mode of ventilation for patients who require high-
level support.28 However, the advantages of SIMV over
other modes are unclear and not demonstrated. The ratio-
nale for using SIMV is to alternate spontaneous inspira-
tions with mechanical breaths during which the patient’s
respiratory muscles are allowed to rest. However, it has
Strategies in Different Groups of Patients

vidence Comments

Avoidance of diagram atrophy
Discrepancies between different studies
No RCT on effects of permissive hypercapnia

Possible benefit in patients at risk for ALI

Standard of care for COPD exacerbations
Only one study available in status asthmaticus
Matches inspiratory threshold load of intrinsic PEEP
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been demonstrated that this rationale is largely flawed. In
fact, WOB performed by the patient does not differ
between unsupported and supported breaths30 because
the respiratory centers do not have time to adapt to the
new loading conditions when a mandatory breath is
delivered.31 Although the total amount of patient WOB
does decrease as the number of mandatory breaths is
increased, patient unloading is less efficient during SIMV
than during PSV.32

APRV, BiPAP, and PAV are newer modalities of partial
ventilatory support. Because of its features, PAV provides
a level of support that is adjustable and always propor-
tional to patient’s inspiratory drive4 and mechanical load,
adapting to acute changes in clinical conditions.33,34

Liberation from the Ventilator

It is widely recognized that early liberation from mechan-
ical ventilation is a very desirable target to decrease
the rate of complications and the costs of medical care.35

A large research effort has been made in evaluating stra-
tegies for ventilator weaning,36 but studies have failed to
clearly identify an ideal ventilator mode for this purpose.
When PSV is used for weaning, inspiratory pressure is
decreased progressively, allowing the patient to gradu-
ally resume WOB. It is still unclear whether or not this
strategy accelerates the liberation from the ventilator,
compared with the other commonly used strategy con-
sisting of daily repetitions of spontaneous breathing
trials. Two RCTs performed in difficult-to-wean patients
provided discordant answers to this question, which
was likely due to methodologic differences.37,38 How-
ever, the results of both studies suggested that SIMV
is not the best choice for ventilator liberation, although
this mode is frequently used for this purpose. In fact,
SIMV was associated with delayed liberation from the
ventilator, compared with PSV and with spontaneous
breathing trials.37,38

Two RCTs have demonstrated that the process of liber-
ation from the ventilator is shortened by the use of proto-
cols that identify and liberate patients who are able to
tolerate a spontaneous breathing trial.39,40 Adherence to
such ventilator liberation pathways is probably more
important than the choice of mode of ventilation used in
the process.

Patient-Ventilator Interaction

A considerable amount of research effort has been dedi-
cated to improving the interaction between the patient
and the ventilator, with the goal of optimizing patient
comfort and decreasing sedation requirements. ACV is
often suboptimal under this aspect. In fact, during vol-
ume-controlled ACV the patient may accomplish unde-
sired WOB when the ventilator does not match the
patient’s flow and volume demands.41,42 This is due to
the fact that the patient’s inspiratory effort does not cease
after triggering the ventilator but continues throughout
the mandatory breath.43 This problem is particularly rele-
vant during a lung-protective strategy, as suggested by
the detection of high WOB in ALI patients ventilated with
TV of 5 to 6 mL/kg.44 It is common opinion that these
settings can lead to discomfort, although retrospective
analyses of existing RCTs have not proven that TV limi-
tation results in increased need of sedation.45,46 Addi-
tionally, during ACV the inspiratory time is preset and
invariable, which often results in patient-ventilator asyn-
chrony.47 This phenomenon occurs when the patient’s
neural inspiratory time differs from the inspiratory time
set on the ventilator, causing patient discomfort or alveolar
hyperinflation.47

PSV is characterized by a high level of adaptability to
patient demands. However, in certain conditions the
mechanical breath may not finish exactly at the end of
the patient’s neural inspiratory time, causing asynchrony,
hyperinflation, and discomfort.47 In newer ventilators, the
flow threshold that ends inspiration is adjustable, allow-
ing one to prolong or shorten inspiratory duration to bet-
ter match the patient’s timing.48 Another frequently
encountered problem with PSV is overassistance, which
occurs when inspiratory pressure is too high.49 This may
result in excessive TV and hypocapnia, thus causing cen-
tral apnea episodes.50 In fact, PSV is associated with more
apneas and sleep disruptions than ACV, probably because
the latter mode has fixed TV and a backup rate.51 Venti-
lator settings may be important contributors in the genesis
of sleep deprivation and disruption in critically ill
patients,52 and it has been suggested that PSV should be
avoided altogether during sleep.53

Because of its algorithm, PAV improves the matching
between neural and machine inspiratory times,49 which
should translate into improved patient comfort and better
tolerance of the ventilator. In a group of mechanically ven-
tilated patients recovering from acute respiratory failure, a
decreased frequency of patient-ventilator asynchronies
with PAV translated into diminished sleep fragmentation,
compared with PSV.54 To date, there are no outcome stud-
ies showing the superiority of PAV to other modes of
ventilation.

Use of Alternative Modes

APRV and BiPAP are used in many centers for patients
with severe hypoxemia because they allow one to main-
tain alveolar recruitment and oxygenation while avoid-
ing alveolar overdistention, possibly decreasing VILI. In
fact, APRV has been shown to achieve similar or better
gas exchange at lower peak inspiratory pressures, com-
pared with other modes of ventilation.55-57 Another
advantage of APRV and BiPAP is that the presence of
spontaneous breathing has been shown to improve gas
exchange.58 This effect seems to be related to improved
diaphragmatic motion causing alveolar recruitment in the
dorso-basal regions of the lung.59,60 Additional benefits
of APRV that are related to spontaneous breathing are
improvements in hemodynamics,57,58 renal function,61

and visceral perfusion.62

The ability to allow unsupported breathing renders
APRV and BiPAP useful to limit sedative doses in patients
who require high-level ventilatory support. APRV was
associated with decreased sedation needs and earlier lib-
eration from ventilation in two RCTs: one performed
in patients recovering from cardiac surgery63 and one in
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patients with ALI and trauma.64 However, the ability to
extrapolate from the results of the latter study is hindered
by the fact that the control group was receiving muscle
relaxants, a rare practice in modern days. Although APRV
and BiPAP have gained popularity, further research
should clarify whether they have outcome advantages
over modes that are routinely used. In the meantime,
APRV and BiPAP should be considered only in patients
who require high airway pressures to maintain gas
exchange. Care should be taken to ensure that TVs and
peak alveolar distention are compatible with a lung-pro-
tective strategy. Because of the short release time, APRV
should be avoided in patients with COPD or asthma
because of the risk of air trapping.

HFOV is also used in patients with severe, refractory
hypoxemia, with the rationale of providing high mean air-
way pressures while minimizing alveolar distention and
possibly VILI. HFOV has been extensively studied in the
pediatric population, and two large RCTs have been per-
formed in newborns.65,66 Of these two studies, only one
had positive results with HFOV, with shorter time to extu-
bation and lower rates of chronic lung disease compared
with SIMV.66 The results of this study may be explained
by the selection of patients with higher risk caused by
their very low birth weight. In the adult population, two
small RCTs found no significant effects of HFOV on out-
comes of patients with ARDS, compared with conven-
tional mechanical ventilation.67,68 In one of these studies,
a trend toward improved survival was detected with
HFOV, although this study was underpowered to detect
survival differences.68 The main disadvantage of HFOV
is the requirement for deep sedation and, often, muscle
paralysis. Until more RCTs become available in adults,
HFOV should be used in selected patients who fail to
achieve acceptable oxygenation while on conventional
modes of ventilation.

Management of Obstructive Lung Disease

The ventilatory management of patients with asthma and
chronic obstructive pulmonary disease (COPD) is sup-
ported by a large number of physiologic studies, but few
outcome trials are available. In these patients, the general
goal of ventilation is to avoid hyperinflation and intrinsic
PEEP. For this purpose, permissive hypercapnia is rou-
tinely practiced, but its use is supported only by an
observational study on patients with status asthmaticus.69

However, there is consensus that the adoption of this
strategy has contributed to improved survival in these
patients. Although once considered contraindicated, PEEP
is commonly used to decrease the inspiratory threshold
load of intrinsic PEEP.70,71

Noninvasive ventilation (NIV) is currently considered
a standard treatment in COPD exacerbation.72 This is
based on strong clinical evidence from RCTs that demon-
strated improved outcomes and decreased rates of intuba-
tion from its early use.73,74 A systematic review of existing
RCTs suggested that NIV might also be beneficial in
other forms of hypoxemic respiratory failure, although
the studies had conflicting results due to population het-
erogeneity.75 Therefore NIV cannot be recommended for
routine use in non-COPD patients with acute respiratory
failure but should only be considered in selected cases.
AREAS OF UNCERTAINTY

Although with a certain delay, the use of low-TV ventila-
tion has become common in the treatment of ALI/ARDS.
Recent evidence suggests that this approach may also
benefit certain patients who did not have these conditions.
Two recent observational studies documented an associa-
tion between early use of high TV and later development
of ALI in patients who do not have this syndrome initi-
ally.76,77 Until RCTs are available, it is probably prudent
to avoid high TV at least in those patients who are at risk
for developing ALI and who do not have contraindica-
tions to TV limitation.

It is still unclear how PEEP should be set in ALI/
ARDS. PEEP is usually titrated to counteract hypoxemia,
but its selection is complicated by the fact that it is still
unclear what the target arterial oxygenation in ALI/
ARDS should be: data suggest that improved oxygena-
tion is not necessarily associated with better outcomes.15

It has been hypothesized that the use of high PEEP may
positively affect outcomes because of an effect of recruit-
ment and stabilization of collapsed alveoli (open lung
strategy).78,79 This strategy is physiologically sound and
is based on good-quality animal studies suggesting that
VILI can also be caused by intermittent alveolar collapse
and that it can be prevented by PEEP.80,81 However, the
available RCTs in ALI/ARDS had discordant findings
regarding the effects of PEEP on outcomes. In three
RCTs, survival was not different between groups treated
with high or lower PEEP levels.82-84 However, in the two
most recent of these trials secondary outcomes, such as
ventilator-free days and rate of refractory hypoxemia,
were improved by the use of higher PEEP. Finally, two
other studies showed improved survival with the com-
bined use of a low TV and a high PEEP that was chosen
based on mechanical evidence of alveolar recruitment,
compared with a high TV and low PEEP strategy.13,14

These findings suggested that high PEEP selection may
be beneficial only if titrated on individual patients’
mechanical characteristics. In the absence of clearer evi-
dence, clinicians should continue to set ventilation aim-
ing to improve oxygenation while minimizing the
harmful effects of PEEP. In patients who seem to favor-
ably respond to PEEP and alveolar recruitment attempts,
maintenance of higher PEEP is probably not harmful
based on the existing evidence, as long as alveolar over-
distention is avoided.

During spontaneous breathing trials, it is common to
use low-level PSV, as opposed to simply connecting the
patient to a T-piece.28 The rationale of this use is to pro-
vide enough support to compensate for the WOB imposed
by the resistance of the endotracheal tube,85 thus simu-
lating loading conditions after extubation. In fact, an
observational study suggested that endotracheal tube
resistance may cause failure to succeed a spontaneous
breathing trial in patients who would otherwise tolerate
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extubation.86 However, another study showed that WOB
did not change before and after extubation,87 suggesting
that a T-piece trial adequately reflects WOB after extuba-
tion. Outcomes of spontaneous breathing trials are not dif-
ferent whether a T-piece or low-level PSV is used.88
GUIDELINES

There are currently no guidelines on the selection of ventila-
tory modes. A 1999 international consensus conference on
ventilator-associated lung injury stated that TV limitation
may be beneficial in patients with ALI/ARDS.89 This state-
ment has not yet been updated, but similar recommenda-
tions were included in the 2008 Surviving Sepsis Campaign
guidelines, also including a suggestion touse adequatePEEP
to avoid extensive alveolar collapse.90 In 2007, an interna-
tional task force emphasized the use of spontaneous breath-
ing trials and of organized protocols to facilitate the process
of liberation from the ventilator.91 The 2004 American Tho-
racic Society guidelines for the management of COPD
recommended the use of NIV as initial treatment in COPD
exacerbations with respiratory failure.72
Table 24-2 Characteristics, Advantages, and Disadva

Mode
Type of
Support Characteristics Advantages

ACV Total/
partial

Assists each inspiration with
volume or pressure-limited
breath

Provides backup rate
Guarantees safe TV (
limited) Improves sle

SIMV Partial Assists only a fraction of
inspirations with mandatory
breaths

Allows unsupported
Provides backup rate
with PSV

PSV Partial Assists each inspiration with
a pressure-limited breath
Ends inspiration when flow
threshold is reached

Level of support is e
adjustable
Improves patient-ven
interaction
Shortens weaning co
SIMV

APRV
BiPAP

Partial Spontaneous, unassisted
breaths at two levels of
continuous airway pressure
High levels of airway
pressure are maintained for
prolonged time

Improves oxygenatio
peak inspiratory pre
Spontaneous breathi
gas exchange
Might decrease seda

PAV Partial Pressure assistance matches
inspiratory effort

Improves patient/ve
interaction
Adjustable patient W
Responds to changes
conditions
Improves sleep qual

HFOV Total Small TVs at very high rates Improves oxygenatio
alveolar recruitment
Decreases alveolar o
AUTHOR’S RECOMMENDATIONS

l Consider a trial of NIV before intubation, particularly in COPD
patients.

l Start ventilation using ACV, then reassess patients’ response
based on blood gases and respiratory mechanics.

l Use low TV and limit peak alveolar pressures in ALI/ARDS
patients.

l Use lower TV in non-ALI patients if clinically reasonable.
l Tolerate hypercapnia in ALI/ARDS and in COPD/asthma
patients, unless contraindicated.

l Select a mode of partial ventilatory support as soon as clinically
feasible, and avoid muscle relaxants.

l Frequently assess patient-ventilator interaction, and adjust
settings/mode as needed to optimize comfort.

l Frequently assess sedation level, and follow protocols to
minimize sedative doses.

l Consider alternative modes of ventilation (APRV/HFOV) if
patients need high PEEP to maintain acceptable oxygenation.

l Continuously attempt to deescalate ventilator settings as patient
conditions improve.

l Perform daily spontaneous breathing trials in eligible patients,
and promptly extubate patients who succeed.

l Avoid SIMV in difficult-to-wean patients.
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Is There an Optimal
Perioperative Hemoglobin?

Jeffrey L. Carson, MD, and Barbara Armas, MD
Blood transfusions are common. In 2001, approximately
13.9 million units of red blood cells were transfused in
the United States.1 Between 60% and 70% of all red blood
cell units are transfused in the perioperative setting.2-5

Surgical patients are frequently anemic from the under-
lying disease, from the injury leading to the need for sur-
gery, and from the blood loss associated with the surgical
procedure.

Over the past 20 years, there has been a trend toward
using lower hemoglobin concentration as a transfusion
trigger. The main motivation has been concern about
blood safety prompted by the human immunodeficiency
virus (HIV) epidemic in the 1980s. Fortunately, the risks
of transmitting viral infections have become extremely
low. The most recent estimates of the risk of residual units
of infected blood donated by repeat donors were 1 per
1,935,000 for hepatitis C virus and 1 per 2,135,000 for
HIV.6 New risks from infections may emerge, such as
West Nile virus.7,8 Concerns about the rare transmission
of variant Creutzfeldt-Jakob disease9 have led to the
increasing use of leuko-reduced blood and, in the United
States, the elimination of donors who lived in the United
Kingdom and Europe.10,11 The result of new testing
and donor policies is a blood supply that is so safe that
it is difficult to measure changes in markers of disease
after policy changes.12 However, newly identified non-
infectious risks such as transfusion-related acute lung
injury (TRALI) and the infrequently reported transfusion-
associated circulatory overload may be even more common
than previously appreciated. 13

With the improvement in safety and the potential for
blood shortage, it is timely to evaluate the evidence that
documents when blood transfusion should be administered
in the perioperative time period.

OPTIONS/THERAPIES

The indications for red blood cell transfusion are contro-
versial. Most recommendations suggest that the decision
to transfuse should be based on individual assessment of
signs and symptoms of anemia. However, in practice,
most clinicians transfuse at a specific hemoglobin concen-
tration such as 8 g/dL.14 Opinions on the indications for
transfusion of predeposit autologous transfusion also
vary. Some clinicians argue that the indications should
be the same as for allogeneic blood cells, whereas others
suggest that because the risk of transfusion is less, autolo-
gous blood should be given at higher transfusion
thresholds.
EVIDENCE

Several critical lines of evidence are needed to guide
transfusion decisions. First, it is necessary to understand
the risks associated with different levels of anemia in the
perioperative time period. Second, randomized clinical
trials and observational studies are needed to document
that transfusion improves outcome. Third, as previously
described, the risks of allogeneic and autologous trans-
fusion must also be taken into account. The current data
suggest that allogeneic blood transfusion is extremely
safe.6 To determine the efficacy of transfusion, we need
to know at what point the risks of anemia increase and
whether transfusions will eliminate or reduce the risks.

Risks Associated with Anemia

Studies in patients who refuse blood transfusion for
religious reasons provide insights into the risks of anemia
during the perioperative time period. The largest study
included 1958 patients undergoing surgery in the
operating room.15 Mortality rates rose as the preoperative
hemoglobin levels fell. Patients with underlying cardio-
vascular disease, who had a hemoglobin level of 10 g/dL
or less, had a higher risk of death than patients without
underlying cardiovascular disease (Figure 25-1). An analy-
sis of patients from the same cohort with postoperative
hemoglobin levels lower than 8 g/dL found that mortality
rate rose when the postoperative hemoglobin was less than
7 g/dL and became extremely high with postoperative
hemoglobin levels below 5 g/dL.16 These results are con-
sistent with an analysis of mortality and morbidity rates
from case reports in Jehovah’s Witness patients.17

Studies in volunteers who underwent isovolemic
reduction of hemoglobin levels to 5 g/dL also provide
insight into the risks of anemia. Two studies found
that most transient and asymptomatic electrocardiogram
changes occurred in 5 of 87 volunteers when their heart
rates were faster and their hemoglobin level was between
5 and 7 g/dL.18,19 Other studies in young, healthy volun-
teers under age 35 have identified subtle and reversible
cognitive changes at hemoglobin levels between 5 and
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vascular Disease (CVD). From Carson JL et al: Effect of anaemia and car-
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7 g/dL and increased fatigue at hemoglobin levels below
7 g/dL.20 It is uncertain how to apply these results to
older patients, though we can surmise that these changes
might occur at higher hemoglobin levels.

Clinical Trials Evaluating Transfusion
in Adults

A total of 1780 patients have entered trials evaluating
transfusion thresholds, although only one is adequately
powered to detect important differences in outcomes.
The most important trial is the Transfusion Requirement
in Critical Care (TRICC) trial.21,22 In this study, 838 vol-
ume-resuscitated intensive care unit (ICU) patients were
randomized to a either a “restrictive” or “liberal” transfu-
sion strategy. The “restrictive” group received allogeneic
red blood cell transfusions at hemoglobin levels of 7 g/dL
(and were maintained between 7 and 9 g/dL), and the
“liberal” group received red blood cells at 10 g/dL (and
were maintained between 10 and 12 g/dL).21 The restric-
tive group had lower average hemoglobin levels (8.5
versus 10.7 g/dL) and fewer transfusions (2.6 versus 5.6)
compared with the liberal group. The 30-day mortality
rate was slightly lower in the restrictive transfusion
group (18.7% versus 23.3%), although the finding was
not statistically significant (p ¼ 0.11). The risk of clinically
recognized myocardial infarction (0.07% versus 2.9%;
p ¼ 0.02) and congestive heart failure (5.3% versus
10.7%; p <0.001) also occurred less frequently in the
restrictive transfusion group.21 In two subanalyses,
patients randomized to the restrictive transfusion group
who were less than 50 years of age, and less ill as defined
by APACHE score, had a significantly lower mortality
rate than patients in the liberal group.21 In another suba-
nalysis of patients with cardiovascular disease, there were
no significant differences in mortality rate, although the
confidence intervals were wide (adjusted odds ratio 1.26;
95% confidence interval 0.70 to 2.24).23 This trial contribu-
ted 47% of the patients and 82% of the recorded deaths
among all the patients entered into all the trials.

Eight other randomized clinical trials have evaluated
the effects of different transfusion thresholds (Table
25-1).21,22,24-31 The clinical settings and outcomes were
different among the studies. The transfusion thresholds
varied and overlapped among the “conservative” or
“liberal” strategy.

Only two other trials in adults evaluating different
transfusion thresholds have included more than 100
patients. Neither found any difference in outcomes. In
the trial by Bracey and colleagues,30 428 patients under-
going elective coronary artery bypass surgery were rando-
mized to transfusion thresholds of 9 g/dL or 8 g/dL. The
differences between perioperative hemoglobin concen-
trations were small, and the event rates were very low.
There were no differences in any outcome. The second
trial included 127 patients undergoing knee arthroplasty.
Patients were randomized to either receive autologous
blood only if the hemoglobin level fell below 9 g/dL or
to be transfused immediately after surgery regardless of
the hemoglobin level.31 The difference in postoperative
hemoglobin concentration was about 0.7 g/dL, and there
were no differences in outcomes.

Only one trial has involved a transfusion strategy that
included patient assessment for symptoms.29 In this trial
(a pilot study), 84 hip fracture patients who underwent
surgical repair were randomized to a 10 g/dL threshold
or to transfusion for symptoms. Transfusion was permit-
ted in the latter group if the hemoglobin level was less
than 8 g/dL, even if there were no symptoms. There were
no statistically significant differences in any outcomes,
including functional recovery, mortality rate, and morbid-
ity. However, at 60 days after surgery, there were 5 deaths
in the symptomatic group and 2 deaths in the 10 g/dL
group. In all these trials (and the other five trials listed
in Table 25-1), the numbers of patients were much too
small to evaluate the effect of lower transfusion triggers
on clinically important outcomes such as mortality rate,
morbidity, and functional status.

A meta-analysis was performed by combining data
from trials that compared restrictive with liberal transfu-
sion strategies.32,33 The analysis of the pooled data found
that a restrictive transfusion trigger reduced the propor-
tion of patients receiving red blood cell transfusion by
42% and by 0.93 units of red blood cells per transfused
patient. The restrictive group had a 5.6% lower mean
hematocrit level than patients who were assigned to the
more liberal transfusion group. There were no differences
in length of hospital stay or frequency of cardiac events
in the two groups. The TRICC trial contributed over 80%
of the deaths in the mortality analysis. Mortality rate
was not increased in patients assigned to the restrictive
transfusion group (Figure 25-2).

Anemia might also impair functional recovery. Only
one small study evaluated the effect of red blood cell
transfusion on functional ability in anemic patients but
was underpowered to detect differences in outcomes.29

Most of the other evidence that evaluates the relationship
between anemia and functional status comes from trials in
which recombinant human erythropoietin was adminis-
tered in patients with cancer or end-stage renal disease.34

The data are limited but suggest that an increase in hemo-
globin concentration improves exercise tolerance. How
high the hemoglobin level needs to be awaits further
study.



Table 25-1 Results of the Randomized Controlled Trials in Adults

Study
(Year) Setting

Subjects: Eligibility and
Comparability Transfusion Strategy

Blood Usage
Units/pt
Mean (SD)

Proportion
Transfused
(%) (n) Hb/Hct Levels mean (SD)

Topley24

(1956)
Trauma
(n ¼ 22)

>1 L blood loss; considered to be at
no clinical risk in raising blood
volume �100% of normal, or
allowing it to reach 30% below
normal

Liberal: to achieve RBC volume
�100% of normal
Restrictive: maintain RBC volume
70%-80% of normal

11.3 (6.9)
4.8 (6.7)

100 (10)
67 (8)

Lowest Hb: (15.6 � 2.0) g/dL
Lowest Hb: (11.3 � 0.7) g/dL

Blair25

(1986)
GI bleeding
(n ¼ 50)

Acute severe upper gastrointestinal
hemorrhage

Liberal: patients received at least
2 units of PRBCs immediately on
admission to hospital
Restrictive: patients were not
transfused PRBCs during the first
24 hr unless Hb <8.0 g/dL or shock
persisted after initial resuscitation
with colloid

4.6 (1.5)
2.6 (3.1)

100 (24)
19.2 (5)

Admission Hct: 28 (5.9%)
Discharge Hct: 37.0 (7.8%)
Admission Hct: 29 (8.2%)
Discharge Hct: 37.0 (7.1%)

Fortune26

(1987)
Trauma/
acute
hemorrhage
(n ¼ 25)

Patients who had sustained a Class
III or Class IV hemorrhage and had
clinical signs of shock

Liberal: Hct was brought up to 40%
slowly over period of several hours by
infusion of PRBCs
Restrictive: Hct was kept close to 30%
by administration of PRBCs

— — Average Hct for 3-day period:
38.4 (2.1%) Average Hct for
3-day period: 29.7 (1.9%)

Johnson27

(1992)
Cardiac
surgery
(n ¼ 38)

Patients undergoing elective
coronary revascularization and
able to donate at least three units of
packed cells preoperatively

Liberal: patients received blood
transfusion to achieve Hct value of
32% so long as autologous blood was
available
Restrictive: patients received
transfusion only if Hct value fell
below 25%

2.05 (0.93)
1.0 (0.86)

100 (18)
75 (15)

Hct at 4 hr postoperative: 31.3%
Hct at 4 hr postoperative: 28.7%

Hebert22

(1995)
Critical care
(n ¼ 69)

Critically ill patients admitted to
one of five tertiary-level ICUs with
normovolemia after initial
treatment who had Hb
concentrations <9.0 g/dL within 72
hr

Liberal: patients were transfused
PRBCs if their Hb concentration
maintained at 10.0-12.0 g/dL
Restrictive: patients were transfused
PRBCs only if their Hb 7.0-7.5 g/dL;
Hb concentration maintained at 7.0-9.0
g/dL

Mean units per
patient: 4.8
Total units: 174
Mean units per
patient: 2.5
Total units 82

— Admission Hb: 9.3 (1.3) g/dL
Average daily Hb: 10.9 g/dL
Admission Hb: 9.7 (1.4) g/dL
Average daily Hb: 9.0 g/dL

Bush28

(1997)
Vascular
surgery
(n ¼ 99)

Patients undergoing elective aortic
and infrainguinal arterial
reconstruction

Liberal: transfused with PRBCs to
maintain Hb >10.0 g/dL
Restrictive: transfused only if Hb level
fell below 9.0 g/dL

Total units:
3.7 (3.5)
Intraoperative:
2.4 (2.5) blood
usage units/
patient
Transfused
total units
80 (40)
Intraoperative:
1.5 (1.7)

88 (43)
28 (3.1)

Hb during 42-hr postoperative
period: 11.0 (1.2) g/dL
Proportion Hb/Hct levels Hb
during 48-hr postoperative
period: 9.8 (1.3) g/dL
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Carson29

(1998)
Orthopedic
surgery
(n ¼ 84)

Hip fracture patients undergoing
surgical repair who had
postoperative Hb levels less than
10.0 g/dL

Liberal: patients received 1 U PRBCs
at the time of random assignment and
then as needed to maintain Hb >10.0
g/dL
Restrictive: transfusion was delayed
until patient developed symptoms or
consequences of anemia, or Hb value
<8.0 g/dL in absence of symptoms

Total median
1 (1-2)
Total median
0 (0-2)

98.8 (83)
45.2 (38)

Lowest Hb: 9.4 (1.0) g/dL
Lowest Hb: 8.8 (1.2) g/dL

Hebert21

(1999)
Critical care
(n ¼ 838)

Critically ill patients admitted to 1
of 22 tertiary-level and 3
community ICUs with
normovolemia after initial
treatment who had Hb
concentrations <9.0 g/dL within 72
hr

Liberal: patients were transfused with
PRBCs to maintain Hb concentration
at 10.0-12.0 g/dL
Restrictive: Patients were transfused
to maintain Hb concentration
maintained between 7.0 and 9.0 g/dL

Total 5.6 (5.3)
Total 2.6 (4.1)

100 (420) Hb (mean
daily): 10.7
(0.7) g/dL Hb (mean
daily): 8.5 (0.7) g/dL

Bracey30

(1999)
Cardiac
surgery
(n ¼ 428)

Patients undergoing first-time
elective coronary revascularization

Liberal: received RBC transfusions per
individual physicians, who
considered clinical assessment of
patient and institutional guidelines,
which propose Hb level <9.0 g/dL as
postoperative threshold for RBC
transfusion
Restrictive: received RBC transfusion
in postoperative period for Hb level
<8.0 g/dL, unless patient experienced
blood loss >750 mL since last
transfusion; hypovolemia with
hemodynamic instability, and
excessive acute blood loss, acute
respiratory failure, or inadequate
cardiac output and oxygenation; or
hemodynamic instability requiring
vasopressors

Postoperative:
1.4 (1.8)
Total: 2.5 (2.6)
Postoperative:
0.9 (1.5)
Total: 2.0 (2.2)

Postoperative:
48 (104)
Total: 2.5 (2.6)
Postoperative: 35 (74)
Total: 60 (127)

Hb (g/dL) mean net reduction
in Hb (admission to discharge):
4.2 (1.9) g/dL Hb (g/dL): mean
net reduction in Hb (admission
to discharge) 4.2 (1.7)

Lotke31

(1999)
Orthopedic
surgery
(n ¼ 127)

Patients undergoing primary total
knee arthroplasty who were able to
donate 2 U autologous blood
preoperatively

Liberal: received their autologous
blood immediately after surgery, the
first unit in recovery room and the
second unit delivered on return to the
ward
Restrictive: Received all autologous
blood (PAD) if Hb level had fallen
below 9.0 g/dL

— Postoperative:
100 (65)
Postoperative: 26 (16)

Mean postoperative Hb (g/dl):
Day 1: 11.4
Day 3: 10.7
Mean postoperative Hb (g/dl):
Day 1: 10.6
Day 3: 10.0

GI, Gastrointestinal; Hb, hemoglobin; Hct, hematocrit; ICU, intensive care unit; PRBC, packed red blood cell; pt, patient; SD, standard deviation.
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Blair 1986
Bracey 1999
Bush 1997
Carson 1998(a)
Hebert 1995
Hebert 1999
Lotke 1999

Total (95%CI)

Chi-square1.66 (df = 6) P: 0.95 Z = −1.79 P: 0.10

0/26
3/215
4/50
1/42
8/33

78/418
0/62

94/846

2/24
6/222
4/49
1/42
9/36

98/420
0/65

120/858

0.7
3.1
3.3
0.8
8.5

83.2
0.4

100.0

0.19[0.01,3.67]
0.52[0.13,2.04]
0.98[0.26,3.70]
1.00[0.06,15.47]
0.97[0.42,2.22]
0.80[0.61,1.04]
1.05[0.02,52.00]

0.80[0.63,1.02]

Study
Restrictive

n/N
Liberal

n/N
RR

(95% CI random)
Weight

%
RR

(95% CI random)

.1 .2 1 5 10

Favors restrictive Favors liberal

Figure 25-2. Meta-analysis of Transfusion Trials on All-Cause Mortality Rates. From Carson JL et al: Transfus Med Rev 2002;16:187-199; Hill SR
et al: Cochrane Database Syst Rev 2002(2);CD002042.
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Observational Studies Evaluating Transfusion
in Adults

Many observational studies have evaluated the impact of
transfusion on morbidity and mortality rates. However,
in general, it is not possible to obtain unbiased assessment
of blood transfusion in observational studies. The decision
to transfuse a patient is often correlated with illness bur-
den of the patient, and this may not be adequately
adjusted for in these studies. This lack of complete adjus-
ment for underlying disease and severity of illness might
explain the variation in results of studies evaluating
the impact of transfusion in patients with cardiovascular
disease.35-38

Clinical Trials Evaluating Transfusion
in Children

There have been three clinical trials evaluating transfusion
triggers in children. The first trial evaluted 100 preterm
infants weighing between 500 and 1300 grams.39 The
patients were randomly allocated to a restrictive or liberal
transfusion algorithm that considered respiratory status
and hematocrit. The restrictive group was transfused
2 fewer red blood cell units than the liberal group. None
of the 15 endpoints were designated as the primary out-
come. Overall, there were no differences in endpoints,
with the exception that the restrictive group had more
frequent apneic spells and neurologic events than the
liberal group.

The second trial enrolled 451 infants with gestational
age less than 31 weeks, age less than 2 days, and weight
less than 1000 grams.40 Similar to the first study, transfu-
sion thresholds varied by amount of respiratory support.
The composite primary endpoint was death, severe reti-
nopathy, bronchopulmonary dysplasia, or brain injury.
The primary outcome occurred with similar frequency
in the two groups: restrictive group 74% and liberal
group 69.7%.

The most recent trial recruited 637 children admitted
to a pediatric intensive care unit and randomly allocated
to 7 g/dL or 9.5 g/dL thresholds.41 Red blood cell transfu-
sion was administered to 46% of patients in the restrictive
group and 98% in the liberal group. The primary outcome
(new or progressive multiorgan dysfunction) was nearly
identical in both groups. Overall, the results of the three
trials in children suggest that a restrictive transfusion
trigger is safe42 (Table 25-2).
AREAS OF UNCERTAINTY

There remains great uncertainty on the proper indications
for red blood cell transfusion, especially in the periopera-
tive period. The only adequately powered randomized
trial was performed in ICU patients, and it is unclear if
the results of that study should be applied to patients dur-
ing the perioperative time period. The trials in surgical
patients were underpowered or had important limitations
in study design. There is some evidence that patients with
underlying cardiovascular disease should be transfused at
higher hemoglobin levels than patients without cardiovas-
cular disease. However, no randomized clinical trials exist
in surgical patients with underlying cardiovascular dis-
ease undergoing noncardiac surgery. The results from
the ongoing FOCUS trial should inform this issue and be
available in 2009.29
GUIDELINES

Before the late 1980s, the standard of care was to admin-
ister a perioperative transfusion whenever the hemo-
globin level fell below 10 g/dL and the hematocrit level
fell below 30% (the “10/30 rule”). In 1988, a National
Institutes of Health consensus conference on periopera-
tive red blood cell transfusions concluded that there
was no evidence to support a single criterion.43 Because
of the paucity of clinical trials, older guidelines relied
heavily on expert opinion, which, in general, emphasized
the risks of transmission of serious viral illnesses such
as HIV and hepatitis C.44 The American Society of



Table 25-2 Results of the Randomized Controlled Trials in Children

Study
(Year)

Setting
N

Subjects:
Eligibility and
Comparability

Transfusion
Strategy

Blood Usage
Units/pt
Mean (SD)

Proportion
Transfused
(%) (N)

Hb/Hct
Levels
Mean
(SD) Outcome

Bell39

(2005)
100 Hospitalized

preterm infants
500-1300 grams

Restrictive versus
liberal transfusion
based on
respiratory status
and hematocrit

Liberal
5.2 (�4.5)
Restrictive
3.3 (�2.9)

Liberal
12% (6)
Restrictive
10% (5)

Not
reported

No difference in 15
outcomes including
survival except
restrictive group had
more frequent apneic
spells (0.84 versus 0.42
per day) and
intraparenchymal brain
hemorrhage, or
periventricular
leukomalacia (6 versus
0) versus the liberal
group.

Kirpalani40

(2006)
451 Birth weight

<1000 grams,
gestational age
<31 weeks and
<48 hours old

Restrictive versus
liberal transfusion
based on
hemoglobin and
amount of
respiratory
support

Liberal 5.7 (5.0)
Restrictive
4.9 (4.2)

Liberal 95%
Restrictive
89%

About
1 g/dL
difference

Primary outcome death
or any of severe
retinopathy,
bronchopulmonary
dysplasia, or brain
injury or cranial
ultrasound.
Liberal: 69.7%;
restrictive: 74.0% (NS).
None of secondary
outcomes signficant.

Lacroix41

(2007)
637 Stable critically

ill children with
hemoglobin
<9.5 g/dL with
7 days of
admission to
ICU

Liberal 9.5 g/dL
Restrictive 7 g/dL

Liberal 1.7 (2.2)
Restrictive
0.9 (2.6)

Liberal 98%
Restrictive
46%

2.1 g/dL
difference

Primary outcome: new
or progressive
multiorgan dysfunction
syndrome
Liberal 12%
Restrictive 12%

pt, Patient.
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Anesthesiologists guidelines are the most rigorously
published set of recommendations, and these were
updated in 1996.45 The American Society of Anesthesiol-
ogists Task Force advised against a “transfusion trigger,”
although it concluded that transfusion is rarely indicated
when the hemoglobin level is greater than 10 g/dL and is
almost always required when the hemoglobin level is
below 6 g/dL. In patients with hemoglobin concentra-
tions between 6 and 10 g/dL, transfusion decisions
should be guided by risk of or actual bleeding, patient’s
volume status, cardiopulmonary reserve, and patient’s
risk of complications of inadequate oxygenation. Another
guideline for perioperative blood transfusion and blood
conservation in cardiac surgery emphasized use of multi-
ple interventions to reduce blood loss and institution-
specific blood transfusion algorithms.45 These guidelines
suggest that the decision to administer red blood cells
should be based on a patient’s risk for complications from
inadequate oxygenation, and important physiologic and
surgical factors. They also concluded that the indications
for autologous transfusion may be more liberal than for
allogeneic transfusion.
AUTHORS’ RECOMMENDATIONS

There are no adequately powered clinical trials that examine dif-
ferent transfusion thresholds in the perioperative setting. Pub-
lished clinical trials have focused on mortality rate but have not
evaluated other important outcomes, such asmyocardial infarction
and functional recovery. Patients with underlying cardiac disease
may be more vulnerable to the consequences of anemia. In the
absence of good evidence, it is necessary to rely on clinical judg-
ment. The only adequately powered randomized clinical trial
found that it is safe to withhold blood until the hemoglobin level
falls below 7 g/dL in ICU patients. Although it is uncertain if these
results should be applied to surgical patients, our opinion is that in
asymptomatic patients without cardiovascular disease, a transfu-
sion trigger of 7 g/dL should be used. In preoperative patients,
enough blood should be transfused to anticipate operative blood
loss. In patients with cardiovascular disease, the optimal threshold
is unknown. We currently favor using a higher transfusion thresh-
old such as 9 to 10 g/dL. Patients with symptoms of anemia should
be transfused as needed. Ultimately, careful clinical assessment
with thoughtful consideration of risks and benefits should guide
the transfusion decision, not a specific hemoglobin concentration.
No set of guidelines will apply to every patient.
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26
 When Are Platelet/Plasma
Transfusions Indicated?

Gregory A. Nuttall, MD
INTRODUCTION/BACKGROUND

A large percentage of platelet concentrates and plasma
transfusions are given to surgical patients in the operating
room and the intensive care unit to treat or prevent bleed-
ing, especially to cardiac surgery and liver transplant
patients.1,2 As a result of the aging of the population in
the United States, demand for blood and blood compo-
nents will rise and supply will decrease.3,4 Therefore
shortages of blood and blood components will become
more common. The increased use of antiplatelet agents
and potentially oral antithrombin agents5 will further
aggravate the demand for platelet and plasma to rapidly
reverse these agents for surgery. As a result, appropriate
use of platelet and plasma transfusions will become even
more important in the future to preserve an increasingly
scarce resource. Further, platelet and plasma transfusions
can result in some well-known adverse effects such as
bacterial contamination, venous thromboembolism, aller-
gic reactions, transfusion-related acute lung injury, and
transfusion-related circulatory overload.

To better understand when platelet concentrates and
plasma are indicated, we need to understand what they
are and how they affect the coagulation system. Trans-
fusion of platelet concentrates was first demonstrated to
reduce mortality rate from bleeding in acute leukemia
patients in the 1950s.6,7 Use of platelet concentrates has
steadily grown since that time. Platelet concentrates are
generally produced in two ways, either from whole blood
by differential centrifugation (whole blood–derived plate-
let concentrates) or by plateletpheresis (apheresis-derived
platelet concentrates). Each unit of whole blood–derived
platelet concentrates contains approximately 5 � 108 pla-
telets in 50 to 70 mL of plasma. Generally between 5 and
10 units of buffy coat–derived platelet concentrates may
be pooled together in a single component bag. For each
unit of apheresis-derived platelet concentrate, a single
donor donates the equivalent of 3 to 5 � 109 or 4 to 6 units
of platelets suspended in a volume of 200 to 400 mL of
plasma. One unit of apheresis-derived platelet concen-
trate or a pool of 4 to 6 buffy coat–derived platelet con-
centrates increases the platelet count by approximately
30 to 50 � 1010/L in the average adult. In the 1970s
and 1980s, the use of whole blood–derived platelet
concentrates greatly exceeded that of apheresis-derived
platelet concentrates. Since the beginning of the 1990s,
apheresis-derived platelet concentrates have made up
more than half of all transfused platelets.8

The use of plasma in the United States has steadily
increased every year.9 Why the use of plasma has
continued to rise is not known. An audit of transfusion
requests at Massachusetts General Hospital in Boston
found that the most frequent reason to request plasma
outside of the operating room was “Before procedure
with elevated INR.”10 There has been a large increase in
the number of bedside invasive procedures and the prac-
tice of transfusing plasma before procedures in patients
with abnormal coagulation test results.9,11 Plasma is
derived by the removal of red blood cells from the whole
blood by differential centrifugation; the remaining
platelet-rich plasma is then further centrifuged to separate
the platelets from the plasma. The remaining plasma
contains all the blood coagulation factors, fibrinogen, anti-
thrombin, and other plasma proteins in a volume of 170 to
250 mL.12 The plasma is then frozen within 8 hours of
donation to prevent complete inactivation of temperature-
sensitive (“labile”) coagulation factors V and VIII, which
is then called fresh frozen plasma (FFP). If the FFP is stored
at temperatures colder than �18�C, the FFP can be stored
for up to 1 year with minimal loss of coagulant activity.
Plasma may also be obtained by plasmapheresis. Before
administration, FFP must be thawed in a water bath at
37�C, which takes approximately 30 minutes. Since bleed-
ing and prolongation of coagulation tests occur when the
coagulation factor concentrations are less than 30% of nor-
mal,13,14 FFP should be administered in a dose calculated
to achieve this level as a minimum. The volume of FFP
that will increase coagulation proteins by 25% to 30%
in most patients is 10 to 15 mL/kg. A smaller dose of
5 to 8 mL/kg may be adequate to urgently reverse war-
farin anticoagulation, though this may vary based on the
initial levels of the vitamin K–dependent coagulation
factors.15
PATHOPHYSIOLOGY/MECHANISM
OF ACTION

Platelets are administered to correct a deficiency in either
platelet number (thrombocytopenia) or platelet function
(thrombocytopathy or qualitative platelet disorders).
Thrombocytopenia can result from massive transfusion.
163
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When crystalloid, colloid, or red blood cells are used to
replace lost volume in a severely bleeding patient, coagu-
lation defects develop not only from dilution of platelets
but also coagulation factors.16 Coagulopathy associated
with massive transfusion and other clinical situations is
characterized by the presence of microvascular bleeding
or oozing from the wound and puncture sites. It is for
this reason that visual assessment of the surgical field is
standard practice in the determination of the need for
platelet or plasma transfusions. Impaired platelet function
can result from multiple disease states and special surgi-
cal techniques such as cardiopulmonary bypass (CPB).
Further, multiple drugs have been developed that impair
different aspects of platelet function. Aspirin and the thi-
enopyridines are oral antiplatelet agents that interfere
with platelet activation in complementary, but different,
pathways. The thienopyridines (ticlopidine, clopidogrel)
are thought to induce irreversible alteration of the platelet
receptor P2Y12 that mediates the inhibition of stimulated
adenylyl cyclase activity by adenosine diphosphate
(ADP), resulting in platelet function inhibition.17 Combi-
nation therapy of aspirin with other antiplatelet agents
has demonstrated a benefit for the management of acute
coronary syndrome (ACS). Another class of drugs that
have been very beneficial for the management of ACS is
the platelet GP IIb/IIIa inhibitors (abciximab, eptifibatide,
and tirofiban), which are used routinely to prevent recur-
rent ischemic events after percutaneous coronary revascu-
larization with or without stent placement.18 GP IIb/IIIa is
the platelet receptor for fibrinogen that mediates platelet
aggregation. GP IIb/IIIa receptor blockade prevents the
binding of fibrinogen and thus clot formation since the
platelets cannot aggregate together.

As noted previously, 1 unit of apheresis-derived plate-
let concentrate or a pool of 4 to 6 buffy coat–derived plate-
let concentrates will increase the platelet count by about
30 to 50 � 109/L in the average adult. How active are
the platelets that are administered? In patients with
chemotherapy-induced thrombocytopenia, platelet trans-
fusion causes an immediate increase in platelet count
number and platelet function as measured by agonist-
induced whole blood impedance aggregometry and dense
granule release of adenosine triphosphate, which is inde-
pendent of storage time.19 Clopidogrel administration
before cardiac surgery with CPB is associated with
increased bleeding and transfusion requirements.20 In an
ex vivo model, administration of platelet transfusions nor-
malized platelet function as measured by platelet-rich
plasma aggregometry in volunteers who have ingested
clopidogrel and aspirin.21

The majority of plasma units are given either pro-
phylactically to prevent bleeding or to manage active
microvascular bleeding. Plasma is transfused to correct
congenital and acquired deficiencies in coagulation factors
in the surgical and nonsurgical patient. Deficiencies in
coagulation factors are frequently diagnosed by a prolon-
gation of either the activated partial thromboplastin
time (aPTT) or prothrombin time (PT) or a coagulation
factor assay of less than 25%.12 Warfarin is a common
anticoagulant that inhibits the vitamin K–dependent
gamma-carboxylation of coagulation factors II, VII, IX,
and X such that there is the synthesis of immunologically
detectable but biologically inactive forms of these coagu-
lation proteins. Since this results in inhibition of the
extrinsic pathway, there is a prolongation of the PT and
the international normalization ratio (INR). The level
of factors II, VII, IX, and X will influence both the PT
and aPTT when sufficiently low. The PT prolongs first
because of the short half-life of factor VII. It also corrects
first because of the short half-life of factor VII. The aPTT
is vitally important in evaluating adequacy of hemostasis
and is too often overlooked. In emergent situations,
plasma transfusions have been used to reverse the effect
of warfarin before surgery or during active bleeding
episodes.
EVIDENCE

Historically, platelet transfusions were given to patients
undergoing chemotherapy for hematologic malignancies
or to patients with aplastic anemia with platelets being
administered prophylactically when a patient’s platelet
count fell below 20 � 109/L.22 In 1991, Gmur and collea-
gues23 recorded evidence of only three fatal hemor-
rhages in their 10-year transfusion study in 103 leukemic
patients, suggesting that the traditional transfusion trigger
of 20 � 109/L platelets could be safely decreased to 10 �
109/L in stable patients with cancer or blood disorders.
Several other prospective and retrospective studies have
subsequently confirmed these findings, and this value is
now widely adopted in clinical practice.24–29

Platelets are also used in treating patients with acceler-
ated platelet destruction or decreased production, platelet
dysfunction, and for various surgical indications as noted
previously. The literature supporting these indications is
listed in Table 26-1. There are no prospective randomized
trials for these indications.

It should be noted that platelet transfusion should be
avoided if at all possible in thrombotic thrombocytopenic
purpura–hemolytic uremic syndrome. In this setting,
platelet transfusion can lead to new or worsening neuro-
logic symptoms and to acute renal failure, presumably
because of new or expanding thrombi as the infused
platelets are consumed.30,31 There are similar considera-
tions in the situation of heparin-induced thrombocytopenia.

The indications for plasma transfusion are for correction
of bleeding caused by excess warfarin, vitamin K defi-
ciency, deficiency of multiple coagulation factors, or treat-
ment of thrombotic thrombocytopenic purpura–hemolytic
uremic syndrome. Deficiency of multiple coagulation
factors can result from disseminated intravascular coagu-
lation, liver disease or failure, or dilutional coagulopathy
caused by massive bleeding without hemostatic factor
replacement. The literature supporting these indications is
listed in Table 26-2. There are no prospective randomized
trials for these indications.

Since a large percentage of allogeneic blood is
transfused in the operating room, especially to cardiac
surgery and liver transplant patients,1,2,32 coagulation



Table 26-1 Evidence for Platelet Transfusion, Both Indications and Contraindications

Indication Clinical Use Evidence

Platelet transfusion
indicated

To prevent spontaneous bleeding in severe
thrombocytopenia (�10 � 109/L)

Evidence based in oncology patients only23–29

Active bleeding with thrombocytopenia
(<50 � 109/L)

No formal studies; expert opinion and
experience

To prevent bleeding before invasive procedure with
thrombocytopenia (<50 � 109/L)

No formal studies; expert opinion and
experience

Bleeding with known or suspected platelet dysfunction No formal studies; expert opinion and
experience

Platelet transfusion
contraindicated

Thrombotic thrombocytopenic purpura and
heparin-induced thrombocytopenia

Evidence based30,31

Lumbar puncture in children with platelet count
>10 � 109/L

Evidence based in oncology patients only49

Table 26-2 Evidence for Plasma Transfusion, Both Indications and Contraindications

Indication Clinical Use Evidence

Plasma transfusion
indicated

Active bleeding with multiple coagulation factor deficiencies No formal studies; expert opinion and
experience

To prevent bleeding before invasive procedure with multiple
coagulation factor deficiencies

Not evidence based

Rapid reversal of warfarin One formal study,50 expert opinion, and
experience

Plasma transfusion
contraindicated

To prevent spontaneous bleeding with multiple coagulation
factor deficiencies

No benefit in severe liver disease51–55 and
cardiac surgery56–60

Multiple red blood cell transfusions without evidence of
coagulopathy

Not evidence based

Volume replacement Not evidence based
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test–based transfusion algorithm studies have been per-
formed in this population. Six prospective randomized
trials have compared the use of transfusion algorithms
versus clinical judgment for administration of non–red
blood cell components in cardiac surgery.33-38 Though
each study used different algorithms with different coagu-
lation tests, five of the six studies demonstrated reduction
of allogeneic blood exposure with the use of a transfusion
algorithm. Two of the studies demonstrated a reduction of
blood loss in the intensive care unit in addition to reduced
allogeneic blood exposure.33,35

Aside from the platelet count (greater than 10 � 109/L)
needed to prevent spontaneous bleeding in severe throm-
bocytopenia in oncology patients, there are no prospective
randomized trials for the indications for transfusion of
platelets and plasma. The majority of guidelines are based
on expert opinion and clinical experience.
CONTROVERSIES

In a patient who is massively transfused, clinical bleeding
from coagulation factor deficiencies is unlikely until factor
levels fall below 30% of normal. Based on studies per-
formed in the trauma and cardiac surgical settings, this
usually does not occur until greater than one blood vol-
ume has been replaced and the PT and aPTT are greater
than 1.5 to 1.8 times control values.14,39-41 Recently,
several studies have suggested that a rise in the PT may
be a “late” marker in a trauma patient with massive
bleeding that the patient is developing a severe dilu-
tional coagulopathy resulting from inadequate replace-
ment of coagulation factors.42-44 These studies suggest
that plasma should be given much sooner to massively
bleeding trauma patients to avoid potential dilutional
coagulopathy despite a normal PT value.
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Plasma is frequently given to patients with an abnor-
mal INR or aPTT before an invasive procedure to prevent
bleeding from the procedure.9 This transfusion behavior
rests on two assumptions. The first assumption is that
abnormal coagulation test results identify patients at
increased risk of procedure-related bleeding. The second
assumption is that transfusion of plasma will reduce the
risk of procedure-related bleeding. Recent literature docu-
ments that mild to moderate abnormalities of the INR and
the aPTT do not predict which patients will have proce-
dure-related bleeding, and therefore these tests should
not be used to make decisions about prophylactic prepro-
cedure plasma transfusions.45 The procedures that have
been studied include central line placement, thoracentesis,
paracentesis, organ biopsies, angiography, and lumbar
puncture. The second assumption of preprocedure plasma
transfusion is that the infusing plasma will correct the
coagulopathy documented by the abnormal coagulation
test. For mild to moderate prolongation of the INR, there
is very little evidence to support this assumption. In one
study, 179 patients with prolonged INR results were given
FFP for a variety of indications. The effect of the FFP
transfusions on the INR was determined.46 The decrease
in INR with plasma transfusion reached zero or no effect
when the pretransfusion INR was 1�7 or less. For patients
with INR values greater than 2, the correction of INR was
modest and incomplete. These results were supported by
another study in which 121 adult patients with a pretrans-
fusion INR of 1�6 or less were given 1 to 4 units of FFP; the
posttransfusion INR corrected to within the normal range
in only two patients.47 It should be noted that in both of
these studies the doses or volume of FFP transfused may
have been inadequate to replace coagulation factor levels
above 30% of normal.
GUIDELINES

There have been multiple consensus conferences and
specialty society task forces convened to publish recom-
mendations for the transfusion of different blood compo-
nents. These include those by the National Institutes of
Health, the American College of Obstetricians and Gyne-
cologists, the American Association of Blood Banks, the
American College of Physicians, the College of American
Pathologists, and the American Society of Anesthesiolo-
gists. The most recent published recommendations for
the transfusion of different blood components are the
practice guidelines for blood component therapy reported
by the “American Society of Anesthesiologists practice
guidelines for perioperative blood transfusion and adju-
vant therapies,” and Society of Thoracic Surgeons Blood
Conservation Guideline Task Force published in 2006
and 2007.15,48 In the “ASA Practice guidelines for periop-
erative blood transfusion and adjuvant therapies,”15 the
task force recommended that “a visual assessment of the
surgical field should be jointly conducted by the anesthe-
siologist and surgeon to determine whether excessive
microvascular bleeding (i.e., coagulopathy) is occurring.”
The Society of Thoracic Surgeons Blood Conservation
Guideline Task Force has recommended that transfusion
of hemostatic allogeneic blood products after cardiac
surgery should be based on the existence of microvascular
bleeding and laboratory parameters that are measured as
part of a transfusion algorithm.48 Clinical and physiologic
parameters should also be used for transfusion decisions.
AUTHOR’S RECOMMENDATIONS

l Transfusion of platelets can increase the platelet count and
improve platelet function test results when there is platelet
dysfunction caused by drugs, disease, or CPB. Transfusion of
plasma can result in improved coagulation factor levels and
improved coagulation test results if sufficient plasma is given.

l In surgical patients, a visual assessment of the surgical
field should be conducted to determine whether excessive
microvascular bleeding indicating a coagulopathy is
occurring.

l Transfusion of platelets and plasma should ideally be guided by
coagulation test results.

l The consequence of bleeding such as bleeding into a confined
space (e.g., brain, spinal cord or eye) needs to be included in the
decision to transfuse platelets and plasma.

l Prophylactic platelet transfusions are indicated in patients
undergoing chemotherapy for hematologic malignancies or to
patients with aplastic anemia when a patient’s platelet count
falls below 10 � 109/L.

l In surgical or obstetric patients with normal platelet function,
platelet transfusion is rarely indicated if the platelet count is
greater than 100 � 109/L; the presence of excessive bleeding is
indicated when the count is below 50 � 109/L.

l Transfusion of platelets is indicated if there is microvascular
bleeding and known or suspected platelet dysfunction.

l Transfusion of plasma is not indicated if PT, INR, and aPTT
are normal or solely for augmentation of plasma volume or
albumin concentration.

l Transfusion of plasma is indicated to correct microvascular
bleeding in the presence of a PT greater than 1.5 times normal
or an INR greater than 1.8, or an aPTT greater than 1.8 times
normal; correct microvascular bleeding secondary to
coagulation factor deficiency in patients who are massively
transfused, such as more than one blood volume
(approximately 70 mL/kg); and urgently reverse warfarin
therapy.
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 What Drugs Decrease
Postoperative Bleeding?

Veena Guru, MD, and Stephen E. Fremes, MD
INTRODUCTION

The risks associated with transfusion of blood products,
especially in the setting of intractable surgical bleeding,
are measurable, and this has led to a search for therapies
to reduce postoperative blood loss. A number of clinical
trials have been completed in the field of cardiac surgery
to reduce postoperative bleeding analyzing outcomes such
as the amount of blood loss, rates of transfusion, and rates
of reoperation for bleeding. In the case of cardiac surgery,
reexploration for bleeding has correlated with increased
surgical mortality rate up to threefold, as well as other sig-
nificant complications.1 Fortunately, with the advent of
comprehensive screening processes, blood transfusion
risks have been reduced. The risks associated with blood
transfusion include the transmission of human immunode-
ficiency virus (HIV) (2 cases/million units transfused),
hepatitis C virus (10 cases/million units transfused), and
hepatitis B virus (16 cases/million units transfused).2

Other complications associated with blood product usage
involve incorrect labeling, contamination, and overtrans-
fusion. Noninfectious complications such as transfusion
reactions are more common and are proportional to the
number of units to which a patient is exposed.3 The com-
plications with massive transfusion can be lethal and
include transfusion-related lung injury in which patients
develop an acute respiratory distress syndrome.4,5 The
cost of blood products is also significant, with an average
cost of $250 per unit of blood.6 Patients with specific reli-
gious beliefs (e.g., Jehovah’s Witnesses) or patient prefer-
ences may preclude the use of blood products. Many
strategies are employed to try to reduce the use of blood
products for patients undergoing surgical procedures with
an expected significant blood loss. Many of the trials have
focused on reducing transfusion rates rather than accu-
rately measuring the total amount of blood loss. There are
also challenges in accurately estimating blood loss both
intraoperatively and postoperatively. The randomized
trials discussed here involve pharmacologic strategies to
reduce postoperative blood loss and avoid transfusion.
OVERVIEW OF NONDRUG OPTIONS TO
AVOID POSTOPERATIVE BLOOD PRODUCT
TRANSFUSION

Preoperative management of antithrombotic medications
can help reduce the rate of postoperative blood product
transfusion. Antiplatelet agents such as aspirin and clopi-
dogrel can increase intraoperative blood loss and, if clini-
cal risks associated with discontinuation are low, should
be discontinued approximately 1 week before surgery
(i.e., their effect lasts for the duration of a platelet life:
7 to 10 days). Nonsteroidal antiinflammatory drugs can
also cause platelet dysfunction; however, because their
action is reversible they may be continued until 1 day
before surgery. Warfarin should be discontinued 3 to
5 days before surgery if clinical risks with a normal inter-
national normalization ratio (INR) are high and should
be replaced with therapeutic anticoagulation either with
unfractionated or fractionated heparin.

Intraoperative techniques, including mode of surgery
(i.e., off-pump coronary artery bypass surgery versus on-
pump coronary artery bypass surgery), and the systematic
attention to hemostasis can significantly influence the rates
of postoperative blood product usage. For example, the use
of fibrin sealant as a hemostatic intraoperative adjunct has
been shown to be effective in helping to reduce postopera-
tive blood loss and transfusion with a meta-analysis
showing a relative risk ratio of 0.4 (95% confidence interval
[CI] 0.26 to 0.61).7 The maintenance of intraoperative
normothermia can prevent blood loss, as studies have
shown even mild hypothermia (less than 1�C) increases
the relative risk for transfusion by 22% (3% to 37%).8

A meta-analysis demonstrated that the intraoperative
use of cell salvage (collection and transfusion of blood that
has been lost in the operative field) reduced the rate
of exposure to allogeneic red blood cell transfusion by a
relative risk (RR) of 0.61 (95% CI 0.52 to 0.71) with a large
absolute reduction in risk of 23% (95% CI 16% to 30%).9

This benefit varied according to the type of operative pro-
cedure, with orthopedic procedures having more benefit
(i.e., RR of exposure to red cell transfusion was 0.42, 95%
CI 0.32 to 0.54) and cardiac procedures having less benefit
(RR 0.77, 95% CI 0.68 to 0.87).9 There were no adverse out-
comes with the use of cell salvage.9 The trials included in
this review, however, had poor methodologic quality
because they were unblinded and had inadequate con-
cealment of treatment allocation, which may have biased
the providers’ decisions to transfuse patients based on
whether cell salvage had been employed.9

Autologous blood donation has been used as a strategy
to decrease the requirement of perioperative allogeneic
blood transfusion. A systematic review of autologous
blood donation in adult patients scheduled for elective sur-
gery showed a relative risk of allogeneic blood transfusion
169
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of 0.37 (95% CI 0.26, 0.54), with an absolute risk reduction
of 43.8% (26.8% to 60.7%).10 Unfortunately, autologous
blood transfusion appears to increase the risk of requiring
either an allogeneic or autologous (or both) blood transfu-
sion (RR ¼ 1.29; 95% CI 1.12, 1.48).10 There is controversy
regarding whether autologous blood transfusion is safer
considering the increased transfusion rate. Transfused
autologous blood has similar noninfectious complications
as allogeneic blood. Unfortunately, the trial designs of
studies in this review were not ideal and at present the
best evidence does not conclusively indicate whether
autologous blood donation is beneficial or harmful.10

Acute normovolemic hemodilution (ANH, defined as
whole blood withdrawn on the day of surgery and
replaced with crystalloid or colloid solution) has also been
employed to reduce perioperative blood loss.11 A system-
atic review suggests that ANH reduced the likelihood of
exposure to allogeneic blood with an odds ratio (OR) of
0.31 (95% CI 0.15 to 0.62) but failed to reduce the likelihood
of transfusion (OR 0.64, 95% CI 0.31 to 1.31).11 Poor trial
design could have biased the results of this review.11,12

ANH has been found to decrease the allogeneic transfusion
rate in patients of ASA I or II status, undergoingmajor liver
resections.13 Erythropoetin (Epo) has also been used and
shown to decrease the need for perioperative blood trans-
fusion in cardiac and orthopedic procedures. A systematic
review was completed for Epo use in patients requiring
orthopedic or cardiac surgery with or without autologous
blood availability.14 The odds ratio for requiring allogeneic
blood transfusion in addition to autologous transfusion
was 0.42 (95% CI 0.28 to 0.62) for orthopedic surgery
and 0.25 (95% CI 0.08 to 0.82) for cardiac surgery.14 The
odds ratio for Epo alone for allogeneic blood transfusion
was 0.36 (95% CI 0.24 to 0.56) in orthopedic surgery
and 0.25 (95% CI 0.06 to 1.04) in cardiac surgery.14 This
indicates that Epo significantly decreased the exposure to
perioperative allogeneic blood transfusion in cardiac
Table 27-1 Adult Dosage Ranges Previously Used in

Agent Dose Strategy Loading Dose

Aprotinin High dose or full
Hammersmith
regimen

1. IV 2 million kallikrein
(280 mg) over 20-30 m

2. 2 million KIU (280 mg
prime of the cardiopu

Aprotinin Low-dose or half
Hammersmith
regimen

1. IV 1 million KIU (140
2. 1 million KIU (140 m

prime of the cardiopu

Aprotinin Pump prime dose 1. 500,000 to 2 million K
the prime of the cardi

Tranexamic
acid (TA)

IV 2.5-100 mg/kg over 2

Epsilon
aminocaproic
acid (EACA)

IV 80 mg-15 g

Desmopressin
(DDAVP)

IV 0.3 mcg/kg

Dipyridamole
(DIP)

PO 100 mg QID for 1.5 d
and orthopedic surgery.14-17 One trial demonstrated that
perioperative intravenous iron with erythropoietin in
patients with gastrointestinal tract cancer and preopera-
tive mild anemia reduced the postoperative transfusion
rate.18 Another strategy for reducing perioperative blood
loss includes the use of recombinant activated factor VII.
Limited evidence has shown that the use of factor VIIa
may be effective in patients undergoing major surgery
(i.e., in this trial it was retropubic prostatectomy) even in
the absence of coagulopathy or intractable bleeding.19

It has also been shown that low hemoglobin levels them-
selves are not immediately life threatening and in fact may
be the right option in critically ill patients (transfusion
threshold of approximately 7 g/dL).20 The threshold for
perioperative patients, however, has not been extensively
investigated. Transfusion triggers in trials involving anti-
fibrinolytic therapy have varied widely, including thresh-
olds such as hemoglobin levels from 5 to 10 g/dL or
hematocrit levels of 18% to 30%.2
DRUG THERAPIES AVAILABLE TO REDUCE
POSTOPERATIVE BLOOD LOSS

The medications available to reduce the need for allo-
geneic blood transfusion include antifibrinolytic drugs
such as aprotonin (AP), tranexamic acid (TA), and epsilon
aminocaproic acid (EACA). Randomized trials for the
effectiveness of antifibrinolytics have been most exten-
sively explored both in adult and pediatric cardiac sur-
gery. Trials have been completed in noncardiac surgery
associated with excessive blood loss, including hip and
knee replacement surgery, orthotopic liver transplanta-
tion, vascular surgery, and liver resection. The dosage
ranges for various antifibrinolytics employed have also
varied greatly between trials (Table 27-1). Desmopressin
(DDAVP) has been investigated in reducing perioperative
Trials for Perioperative Antifibrinolytic Therapy

Continuous Infusion

inactivator units (KIU)
in at induction
) is added to the pump
lmonary bypass unit

IV 500,000 KIU/hr (70 mg/hr),
during surgery

mg) over 20-30 min
g) is added to the pump
lmonary bypass unit

IV 250,000 KIU/hr (35 mg/hr),
during surgery

IU (70-280 mg) is added to
opulmonary bypass unit

0-30 min IV 0.25-4 mg/kg/hr over 1-12 hr

IV 1-2 g/hr over various time
periods

ays preoperatively IV 0.24 mg/kg/hr from anesthetic
induction to 1 hr postoperative28
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blood loss. Dipyridamole (DIP) has been studied specifi-
cally for reducing blood loss following cardiac surgery.

Mechanism of Hemostatic Drugs
(Figure 27-1) and Side Effects

AP is a serine proteinase inhibitor derived from bovine lung
that prevents fibrinolysis by forming enzyme complexes
that deactivate human trypsin, plasmin, plasma kallikrein,
and tissue kallikrein.21 It also acts by minimizing contact
phase activation of coagulation and, in the case of cardio-
pulmonary bypass, foreign surface activation. AP may pre-
serve platelet function through these mechanisms during
cardiopulmonary bypass.21 AP can cause a hypersensitivity
reaction, especially after repeated exposures. In the most
comprehensive systematic review, no increase in adverse
effects was seen in the use of AP, including the risk of myo-
cardial infarction (MI) (RR 0.92, 95% CI 0.72 to 1.18), stroke
(RR 0.76, 95% CI 0.35 to 1.64), renal dysfunction (RR 1.16,
95% CI 0.79 to 1.70), or overall mortality rate (RR 0.90, 95%
CI 0.67 to 1.20).2 The analyses of MI and death appear not
to have been biased by underreporting; however, renal
events may not have been consistently tracked, which could
explain how this differs from the results of recently pub-
lished nonrandomized studies.2,22,23 Recent retrospective
studies suggest that patients undergoing coronary artery
bypass surgery had an increased risk of renal failure requir-
ing dialysis (odds ratio 2.34, 95% CI 1.27 to 4.31), 55%
increase in risk of myocardial infarction or heart failure,
181% increase in risk of stroke or encephalopathy, and
increased risk of 5-year mortality with a hazard ratio of
1.48 (95% CI 1.19 to 1.85).22,23

The IMAGE trial was specifically designed to examine
these adverse effects of AP, including graft patency, MI
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Figure 27-1. Mechanisms of Hemostatic Drugs. Tranexamic acid (TA)
rates, and postoperative blood loss in primary coronary
surgery. Although blood loss and transfusion require-
ments were reduced, there was a higher rate of saphenous
vein graft occlusions at mean time of 11 days follow-
ing surgery in the AP group as compared with controls
(15.4% versus 10.9%).24 This effect was negated when
there was adjustment for risk factors for vein graft occlu-
sion (e.g., female gender, lack of aspirin use, small and
poor distal vessels, and possible use of AP blood for vein
graft dilation).24 In subgroup analyses, the difference in
bypass patency existed in patients who were operated
on in non-U.S. centers.24

EACA and TA are synthetic derivatives of the amino
acid lysine that act as effective inhibitors of fibrinolysis.
EACA and TA bind reversibly to plasminogen and block
the binding of plasminogen to fibrin, and therefore block
the activation and transformation to plasmin. TA is about
10 times more potent than EACA because it has stronger
binding to both the strong and weak sites of the plas-
minogen molecule in a ratio corresponding to the differ-
ence in potency between the compounds. Both of these
compounds have side effects that are dose dependent
and that usually involve the gastrointestinal tract (nausea,
vomiting, diarrhea, abdominal pain). There is no evidence
of increased risk of thromboembolic events in the latest
meta-analysis.25 However, there are case reports that
attribute thrombi to these drugs.

DDAVP is a vasopressin analog that increases the
circulating levels of coagulation factor VIII and von
Willebrand factor by two to four times their baseline levels.
Repeated doses can lead to tachyphylaxis. The side effects
associated with DDAVP infusion include mild vasodila-
tion and hypotension, hyponatremia, and decreased urine
output.26
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DIP is a pyrido-pyrimidine agent that prevents platelet
activation by inhibiting platelet phosphodiesterase activ-
ity, aggregation, and granular release.27 These properties
can allow this agent to preserve platelet counts during
cardiopulmonary bypass.28 Adverse reactions associated
with DIP include nausea, phlebitis with intravenous
infusion, and urticarial skin reactions.29

Evidence of Effectiveness of Drug Treatments
to Reduce Perioperative Blood Loss

There is strong evidence summarized by a comprehensive
meta-analysis for the use of antifibrinolytic therapy in the
setting of adult elective surgical procedures involving sig-
nificant blood loss. Antifibrinolytics that have been shown
in a systematic review to be effective include AP (n ¼ 116
of 211 trials included in the review), TA (n ¼ 45), and
EACA (n ¼ 11) in reducing allogeneic blood transfusions
as summarized in Table 27-2.2,25 The meta-analysis mainly
reviewed trials involving cardiac surgery (147 of 211 trials
included in the review) but also included a minority of
trials involving elective adult orthopedic procedures
(n ¼ 42), liver surgery (n ¼ 14), vascular surgery (n ¼ 4),
thoracic surgery (n ¼ 2), neurosurgery (n ¼ 1), and orthog-
nathic surgery (n ¼ 1).2 This meta-analysis separated out
the effect of each agent analyzed by surgical subtype.2

AP was found to reduce the exposure to allogeneic blood
transfusions for cardiac surgery (RR 0.66, 95% CI 0.61 to
0.71), orthopedic surgery (RR 0.69, 95% CI 0.56 to 0.85),
thoracic surgery (RR 0.28, 95% CI 0.11 to 0.74), and liver
surgery (RR 0.58, 95% CI 0.37 to 0.90).2 TA was found
to be effective in lowering allogeneic blood transfusions
for patients undergoing cardiac surgery (RR 0.69, 95% CI
0.60 to 0.79) and orthopedic surgery (RR 0.44, 95% CI
0.33 to 0.60).2 EACA significantly lowered the transfu-
sion of allogeneic blood products only in cardiac surgery
(RR 0.65, 95% CI 0.47 to 0.91).2 There was no statistical
Table 27-2 Meta-analyses That Outline the Evidence
Perioperative Blood Transfusion in Patien

NEED FOR B

Agent No. of Trials (Patients) Relative Risk

The Cochrane Database of Systematic Reviews2,30 2006

Desmopressin
(DDAVP)

18 trials (1295 patients)
no reduction in risk

0.95 (0.86-1.06)

Aprotinin (AP) 98 trials (10,144 patients) 0.66 (0.61-0.71)

Tranexamic
acid (TA)

53 trials (3836 patients) 0.61 (0.54-0.69)

Epsilon
aminocaproic
acid (EACA)

14 trials (801 patients) 0.75 (0.58-0.96)

TA or EACA
versus AP

17 trials (2170 patients) 0.83 (0.69-0.99)
AP superior
difference in transfusion rates between cardiac surgery
patients receiving TA or EACA versus AP (see Table 27-2).2

DDAVP does not show a trend toward a net reduction
in blood loss as compared with placebo and no difference
in the requirement for blood transfusion.30 DIP has been
shown through a small randomized trial to reduce blood
loss as compared with placebo by 46% and reduce red cell
transfusions by 44% (1.5 units of packed red cells).29 DIP
has been shown through another randomized trial to be
more effective in combination with high-dose AP in
reducing postoperative blood loss.28

Systematic reviews completed before the comprehen-
sive Cochrane review have shown similar results as sum-
marized here. One systematic review on DDAVP in adult
cardiac surgery patients showed no difference in transfu-
sion requirements but did show a 34% reduction in blood
loss in the subgroup of patients with the highest net
blood loss (defined as greater than 1 L).31 A total of four
other previous systematic reviews regarding hemostatic
drug prophylaxis have been completed in cardiac surgery.
Two of these systematic reviews indicate a significant
reduction in transfusion requirements as well as blood
loss when using AP, TA, or EACA, but not with
DDAVP.32,33 Another review demonstrated a mortality
benefit for both AP (OR 0.55) and TA or EACA (OR
0.78) but showed an increased risk of MI with DDAVP
(OR 2.4).33 The recent BART trial comparing AP with TA
or EACA in high-risk cardiac surgical patients was halted
prematurely after recruitment of 2331 patients because of
increased 30-day all-cause mortality in the AP arm of the
trial.34 At 30 days, all-cause mortality was 6.0% in the
AP patients, as compared with 3.9% with TA (relative
risk, 1.55; 95% CI 0.99 to 2.42) and 4.0% with EACA (rela-
tive risk, 1.52; 95% CI 0.98 to 2.36). Deaths attributed to
cardiac causes were increased in the AP study patients,
whereas deaths attributed to other causes were similar
in the three arms. There was only modest evidence of
for the Use of Drug Therapy to Minimize
ts Undergoing Adult Elective Surgery

LOOD TRANSFUSION (95% CONFIDENCE INTERVAL)
REOPERATION FOR BLEEDING

Absolute Risk Savings Relative Risk

0.69 (0.26-1.83) no
reduction in risk

21% (17%-25%) Average saving of
1.1 units of blood

0.48 (0.35-0.68)

17.2% (8.7%-25.7%) Average saving of
1.1 units of blood

0.67 (0.41-1.09)

Average saving of
1.8 units of blood

0.35 (0.11-1.17)



Chapter 27 What Drugs Decrease Postoperative Bleeding? 173
superior efficacy with respect to massive bleeding
composite outcome (RR 0.79, 95% CI 0.59 to 1.05). AP is
currently released on a compassionate-use basis.
EVIDENCE FOR SPECIFIC SURGICAL
PROCEDURES

Orthotopic Liver Transplantation

This procedure is associated with great losses of blood
and massive transfusion requirements caused by a combi-
nation of the magnitude of the surgical procedure and
preexisting coagulopathy secondary to liver insufficiency.
One study has shown that high-dose AP reduced transfu-
sion requirements by 37%.35 A second trial has found that
TA is more effective than EACA in reducing intraopera-
tive transfusion requirements.36 A trial comparing the rel-
ative efficacy of AP against TA showed no difference
between the two agents.37

Hepatic Resections

TA was effective in reducing the volume of operative
blood loss and need for transfusion in elective hepatic
tumor resections.38

Total Hip Replacement

TA has been shown to reduce postoperative bleeding
when given preoperatively with an infusion as opposed
to postoperatively.39-42 One small randomized trial did
have a conflicting result where the TA arm had a greater
number of patients requiring transfusion.43 EACA as com-
pared with control patients undergoing primary total hip
replacement surgery resulted in a 27% lower mean post-
operative blood loss and 11% reduction in allogeneic
blood transfusion.44,45 AP has also been shown to be effec-
tive in reducing blood loss in this group of surgical
patients.46

Total Knee Replacement

TA has been shown to reduce postoperative blood loss
by 32% and to reduce transfusion requirements with
repeated preoperative and postoperative doses as com-
pared with controls, normovolemic hemodilution, or
desmopressin.47-51 The average total blood loss in these
studies ranged from approximately 40 to 3000 mL.47 One
study found that neither AP nor TA was effective in
reducing blood loss or transfusion requirements; interest-
ingly, the total blood loss was much lower than previous
trials with a mean of 150 mL intraoperatively and 810
mL postoperatively.52 It was advocated that the use of
bone cement and excellent surgical hemostasis can avoid
significant blood loss.52

Spinal Fusion

In a trial of AP and EACA versus controls in patients
having complex spinal fusions, a significant reduction
in blood loss and transfusion requirements occurred
using half-dose AP as opposed to the EACA or control
groups.53 Further to this, one small trial has shown that
aminocaproic acid as compared with controls was effec-
tive in reducing blood loss and transfusion in surgery
for idiopathic scoliosis.54
SPECIFIC SURGICAL CANDIDATES NOT
COVERED IN META-ANALYSES

Cardiac Surgery in Pediatric Patients

AP has been investigated in pediatric patients undergoing
cardiac surgery with conflicting results. One trial advo-
cated that use should be restricted to reoperations, arterial
switches, and those operations with a high likelihood of
hemorrhage.55 EACA and low-dose AP have been found
to be equally effective in reducing postoperative blood
loss and blood product transfusion in children with
congenital cyanotic heart disease having surgery.56 The
use of TA in pediatric patients undergoing redo cardiac
surgery using two 100 mg/kg boluses followed by a
10 mg/kg/hr infusion was evaluated in children and
showed a 24% reduction in total blood loss, and reduced
transfusion requirements.57 Avoidance of blood transfu-
sion in pediatric cardiac surgical patients is especially
important because this group tends to require multiple
staged operations over several years and can be exposed
to multiple units of blood products in the process.
It appears that the benefit with TA may be greater in
those pediatric patients with cyanotic congenital heart
disease. 58

Orthopedic Surgery in Pediatric Patients

AP and TA have also been used in pediatric patients who
undergo scoliosis surgery, which often requires multiple
blood transfusions with a loss of one or more blood
volumes.44 A small trial in this setting has shown that
the total amount of blood transfused is reduced by 28%
with the use of TA.44 This study tried to standardize peri-
operative care except for the unrestricted use of cell-saved
blood, which was similar in both groups.44 Another small
trial demonstrated that both blood loss and transfusion
requirements were significantly reduced with AP use.59
INTRACTABLE POSTOPERATIVE BLEEDING
WITH OR WITHOUT INHERITED
COAGULOPATHY

Recombinant factor VIIa has been used in patients with
acquired bleeding disorders such as hemophilia to allow
completion of surgery.60 It has been successfully used in
pediatric patients with bleeding disorders undergoing
surgical procedures, trauma patients with intractable
bleeding, and cardiac surgery patients with intractable
bleeding.61-63 Factor VIIa (NovoSeven) is given as 90 to
100 mcg/kg bolus doses every 2 hours, and two or three
repeated doses may be required for hemophiliacs with
moderate bleeding, though even more may be required
for severe bleeding.60 AP, EACA, and TA given only
postoperatively have been found to be ineffective in
preventing further significant blood loss.41,64



Patients with no known
preoperative coagulopathy

Patients with known preoperative
coagulopathy
• Abnormal thromboelastography values
  DDAVP (Grade B)
• von Willebrand’s disease type 1,
  mild hemophilia A
  DDAVP (Grade C)
• Intractable bleeding or
  hemophilia
  aFactor VII (Grade C)
• Aspirin takers in cardiac
  surgery
  low dose AP (Grade B)
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*TA, EACA
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surgery
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AP*, TA
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Grade A evidence: there is good evidence through randomized clinical trials of efficacy and safety
Grade B evidence: there is fair evidence through clinical trials of some efficacy and safety
Grade C evidence: there is poor evidence through studies or case series of efficacy and safety
*There has been some recent major concern from retrospective data and one large randomized trial
regarding the safety of AP in adult cardiac surgery—AP is only available on a compassionate use basis.
The use of TA (or EACA) may be safer than AP in other high risk situations, although studies with EACA
are lacking.

Figure 27-2. Algorithm for Grade of Evidence for the Use of Hemostatic Drugs.
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AREAS OF UNCERTAINTY

Trials are under way evaluating hemostatic drugs in a
wider range of noncardiac surgical specialities. The het-
erogeneity of completed trials, including such variables
as type of surgery, transfusion thresholds, and outcomes
measured, makes it hard to draw conclusions even with
systematic reviews.25 The best evidence for the use of anti-
fibrinolytic therapy applies to adult, elective cardiac sur-
gery where the amount of blood loss can be large. More
research is required for noncardiac surgery involving sig-
nificant blood loss. DDAVP has demonstrated conflicting
results in reducing the risk of allogeneic blood transfusion
and has been found to be associated with no benefit in
multiple meta-analyses.65

GUIDELINES (FIGURE 27-2)

Antifibrinolytic drugs demonstrate effectiveness in reduc-
ing blood loss and the need for transfusion and reopera-
tion for bleeding. This is especially true of AP and TA
in the context of adult, elective cardiac surgery. These
results may translate into benefits for other surgical pro-
cedures with similar risk of blood loss, though more
research is required in this area. A recent retrospective
study suggests that AP may have adverse effects in car-
diac surgery, including renal dysfunction, thromboem-
bolic events, and death.22,23 The BART trial demonstrated
that the use of AP is associated with a greater mortality
risk than either TA or EACA for high-risk cardiac sur-
gery. The trials to date have been heterogeneous both
in cohort selection and in the evaluation of outcomes,
with less data for EACA, a significantly less expensive
agent. In developed countries, the adverse risks associated
with blood transfusion are low; the cost-effectiveness of
such blood conservation strategies may differ in develop-
ing countries where the risk of acquiring HIV through
transfusion is high.
AUTHORS’ RECOMMENDATIONS

Trial evidence suggests that antifibrinolytic therapy with the use
of either AP, TA, or EACA reduces perioperative transfusion of
blood products. AP seems to be the most effective hemostatic
drug considering the best current evidence available; however,
recent concerns regarding the safety of this drug have emerged,
particularly since the publication of the BART trial. AP is cur-
rently available only on a compassionate-use basis, and it is very
likely that its use will be significantly curtailed. TA and EACA are
more cost-effective and show similar statistical efficacy in reduc-
ing transfusion rates as compared with AP. Our recommenda-
tions include TA or EACA because the results are similar to AP
and the costs are much lower (e.g., in the case of cardiac surgery
the highest dose range is approximately $235) and the two agents
appear to be much safer. The BART investigators could not iden-
tify any patient group that had better outcomes with AP, although
certain relevant patient groups were not studied (primary isolated
coronary artery bypass graft with recent clopidogrel, and Jeho-
vah’s Witness patients were ineligible). The greatest benefit of
antifibrinolytic therapy is experienced by patients at high risk of
significant hemorrhage from a surgical procedure. Such high-risk
patients include those on preoperative antiplatelet or thrombo-
lytic therapy, or those undergoing various procedures such as
reoperative cardiac surgery, orthotopic liver transplantation, and
aortic surgery. Conversely, low-risk surgery would include proce-
dures such as isolated coronary artery bypass surgery.
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 Does Perioperative
Hyperglycemia Increase Risk?
Should We Have Aggressive
Glucose Control Perioperatively?

Sherif Afifi, MD, FCCM, FCCP, and Stanley Rosenbaum, MA, MD
INTRODUCTION

The body of clinical evidence suggesting that surgery eli-
cits a stress response, which manifests as hyperglycemia
in the early postoperative period, has been well corrobo-
rated by studies on both inflammation and immunomodu-
lation. Recent literature has redefined the prevalence of
hyperglycemia according to narrower ranges of serum
glucose and in relation to the rising epidemic of diabetes
mellitus (DM) in the world. DM affects more than 170 mil-
lion individuals worldwide, and approximately 18 million
in theUnited States (approximately 6.3% of the population).1

Furthermore, age-adjusted mortality rates among adults
with diabetes is twice that of those without the disease.2

Over the past few years, significant changes in the prac-
tice of perioperative glycemic surveillance and control have
been influenced by many interventional investigations. The
response to surgery has varied between diabetic and nondi-
abetic patients. Based on clinical outcomes favoring the
maintenance of tight perioperative euglycemia with insulin
therapy, the incidence of complications varied between sur-
gical and medical critically ill patients. Finally, the impact of
various types of anesthetic regimens on the stress response
to surgery is only at the cusp of investigations. This chapter
will display the stress response to surgery, demonstrate the
disadvantages of perioperative hyperglycemia, review the
favorable effect of perioperative euglycemia, and survey
the impact of anesthetic management on both perioperative
glycemic control and patient outcome.
OPTIONS

The goal for all patients in the perioperative period is
to keep metabolism as nearly normal as possible. This can-
not be overemphasized for diabetic patients undergoing
major cardiovascular or abdominal surgery. Methods to
achieve normoglycemia in diabetic patients are a matter
of physician preference, with only subtle differences
between approaches to manage patients with insulin-
dependent diabetes mellitus (IDDM) and those with
non–insulin-dependent diabetes mellitus (NIDDM).
In any case, failure to maintain physiologic control sub-
jects patients to a wide range of metabolic disturbances
and renders them vulnerable to complications. Essential
to any method is frequent and accurate blood glucose
monitoring because it is crucial to adjustment of insulin
doses for restoration and maintenance of normoglycemia.

Recent large-scale outcome studies have defined
intraoperative and perioperative glucose control regimens
in terms of favorable outcome in the short-term and long-
term postoperative periods. The common denominators of
any regimen is that it should

1. Maintain good glycemic control to avoid excessively
high or low glucose levels.

2. Prevent other metabolic disturbances.
3. Apply to a variety of situations (operating room, recov-

ery room, and general medical and surgical wards).
4. Be relatively easy to understand with clear end-goals of

therapy.

Glucose Control Regimens

A survey of anesthesiologists compared their strategies
for perioperative management of diabetic patients in
1993 with those in 19853 and found that a greater propor-
tion of anesthesiologists tend to maintain the periopera-
tive blood glucose concentration of their diabetic patients
at less than 180 mg/dL. Anesthesiologists are also more
likely to be interventional in their management of diabetic
patients than in the past, and the methods used have
changed in relative popularity. In 1993 diabetic patients
undergoing major surgery were most commonly managed
with separate infusions of insulin and glucose, whereas in
1985 the combined infusion of glucose, insulin, and potas-
sium was the most popular technique. The use of proto-
cols in hospitals may increase the degree of uniformity
of practice between anesthesiologists.

Although several glucose control regimens are outlined
in this chapter, there is no substitute for the safe guideline
of emphasizing frequent monitoring of blood glucose
levels and intervening with appropriate individualized
amounts of insulin rather than relying on prescheduled
doses.
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Intravenous Infusion of Insulin

Intravenous delivery of insulin is widely preferred
because of ease in administration, quick dose adjustment,
and uninterrupted metabolic control during unanticipated
changes in scheduling of surgical procedures.4

The role of intraoperative glycemic control with a stan-
dardized insulin protocol to modulate outcomes was inves-
tigated in a prospective observational study of patients with
DM undergoing coronary artery bypass graft (CABG) sur-
gery. Although postoperative blood glucose was similar,
those patients who achieved tight control of blood glucose
concentrations intraoperatively demonstrated decreased
morbidity and mortality rates compared with patients
whose blood glucose was poorly controlled (defined as
four consecutive blood glucose measurements exceeding
200 mg/dL despite insulin therapy).5

Glucose-Insulin-Potassium (GIK) Infusion

Thirty percent dextrose in water, potassium, and 80 mEq/L
of regular insulin, 50 units, are given intravenously at
1 mL/kg per hour after induction of anesthesia.

Studies with glucose-insulin-potassium (GIK) solutions
have shown that treatment of hyperglycemia has direct
metabolic effects and can enhance myocardial perfor-
mance when blood glucose concentrations were well
controlled,6,7 but not when blood glucose levels were
inadequately controlled.8 An ensuing DIGAMI 2 study9

compared three treatment strategies in patients with
acute myocardial infarction (MI): group 1 received acute
insulin-glucose infusion followed by insulin-based long-
term glucose control; group 2 received insulin-glucose
infusion followed by standard glucose control; and group
3 received routine metabolic management in accordance
with local practice. Unfortunately, this study did not reach
recruitment goals and showed no treatment differences.
Moreover, the primary treatment target of a fasting blood
glucose level of 90 to 126 mg/dL for those in group 1
was never achieved. Mean fasting blood glucose levels
(149 mg/dL) and hemoglobin A1c (6.8%) were similar
among the three study groups. Thus, if glycemia is
predictive of outcomes, no differences would have been
expected—and no differences were observed. Another
large multicenter study, the Clinical Trial of Metabolic
Modulation in Acute Myocardial Infarction Treatment
Evaluation (CREATE-ECLA), failed to show benefit from
glucose-insulin-potassium infusions on mortality rate.10

The benefit of glucose-insulin-potassium to produce car-
dioprotection is controversial and may not be similar to the
use of insulin to specifically control blood glucose concentra-
tion. Conclusions from the DIGAMI 2 and CREATE-ECLA
studies strongly suggest that insulin infusion in the absence
of blood glucose lowering has no effect on outcomes.

EVIDENCE

Effect of Stress-related Hormonal Changes
on Metabolic Changes in Diabetic
and Nondiabetic Patients

Surgical stress was reported to cause hyperglycemia
and hyperinsulinemia in nondiabetic patients,11 whereas
it caused hyperglycemia and even hypoinsulinemia in
some diabetic patients.12 Perioperative hyperglycemia is
believed to be the result of stress-related hormonal
changes that induce a number of metabolic changes in
both nondiabetic and diabetic patients.

The nociceptive signals produced during operative
manipulation evoke responses from the hypothalamic
nuclei, which prompt release of several endogenous hor-
mones.13-16 The hormones exert their effects on different
organs that result in overall hyperglycemia. The increase
in glucose levels results from either direct stimulation of
glucose-producing pathways or indirectly through sti-
mulating biochemical pathways that increase formation
of products that are incorporated in glucose formation.
The pathways that directly increase glucose production
and storage are gluconeogenesis and glycogenolysis.
Glycogenolysis takes place in the liver and skeletal
muscles, whereas gluconeogenesis occurs in the liver only.
Proteolysis, glycolysis, and lipolysis produce glycerol,
pyruvate, and amino acids, all of which are substrates
for gluconeogenesis in the liver.

The endocrine response to stressful stimuli consists
of activation of the hypothalamo-adrenal and the sym-
patho-adrenal axes, which, in turn, increase endogenous
catecholamines and glucocorticoids. The result is hypergly-
cemia.17 At the same time, the release of catabolic hormones
(cortisol, glucagon, and growth hormone) accelerates gluco-
neogenesis, whereas glycogenolysis and lipolysis are inhib-
ited. In the liver, catecholamines increase gluconeogenesis,
whereas corticotrophins, glucagons, and growth hormone
(GH) inhibit glycogenesis, but promote glycogenolysis.9

The net effect in the liver is increased glucose stores.
The degree of hyperglycemia occurring in the early

postoperative period was found to be proportional to the
degree of stress during surgery. The work of Chernow
and colleagues18 confirmed the relationship between the
intensity of surgical stress and the hormonal response
contributing to the elevation of blood glucose. Clarke19

reported the production of mild hyperglycemia after
minor or uncomplicated operations. Compared with
minor procedures such as inguinal herniorrhaphy, the
severe surgical stress of cholecystectomy or subtotal
colectomy resulted in significant elevation of catabolic
hormone levels starting at 1 hour after surgery and per-
sisted to the fifth postoperative day (Figure 28-1).

Effect of Perioperative Hyperglycemia on
Wound Healing and Postoperative Infections

Perioperative hyperglycemia leads to delayed wound
healing. Evidence to support the rationale for control of
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perioperative blood glucose levels is twofold. One line of
investigations has demonstrated the beneficial effects of
insulin, and another group of studies has shown that
blocking the action of insulin impaired wound healing.
A deficiency of insulin in the early postoperative period
leads to impaired hydroxyproline accumulation into the
structure of healing wounds.20 The beneficial effects of
glycemic control with insulin on wound healing were
proven in several investigations. In one study, Yue and
colleagues21 showed that in diabetic animals treated with
insulin, the repaired tissue could withstand three times
the mechanical force that separated the incision of non–
insulin-treated animals. Conversely, Weringer and collea-
gues22 demonstrated that blocking insulin activity inhib-
ited DNA and protein synthesis in wounds, with
resultant reductions in capillary proliferation, fibroblast
activation, and collagen synthesis.

Perioperative Hyperglycemia and Infectious
Outcomes

It is well established that individuals with diabetes are at
a higher risk than their nondiabetic counterparts for a
variety of bacterial infections such as cystitis, pneumonia,
cellulitis, and postoperative wound infections.23 In one
study, diabetic patients undergoing elective vascular or
abdominal procedures had a higher rate of nosocomial
infections (pneumonia, bacteremia, and surgical wound
infection) when blood glucose was greater than 220 mg/
dL.24 Another study found a strong graded relationship
between wound infection risk and the mean concentration
of blood glucose on the first postoperative day (the inci-
dence of wound infection was 1.3% among patients with
glucose levels 100 to 150 mg/dL versus 6.7% among
patients with glucose levels 250 to 300 mg/dL).25 In a pro-
spective study of a cohort of diabetic patients undergoing
coronary artery surgery, those with mean glucose concen-
trations greater than 200 mg/dL within the first 36 post-
operative hours were more likely to develop infectious
complications (pneumonia, urinary tract infections, infec-
tions of the leg, and chest wounds) than their counterparts
who were under better glycemic control. In a prospective
study of 2467 diabetic cardiac surgery patients, continu-
ous insulin infusion induced a significant decrease in peri-
operative blood glucose levels (less than 200 mg/dL),
which led to a significant reduction in the incidence of
sternal wound infection to 0.8% versus 2.0% in patients
with hyperglycemia.26 All these studies concluded that
perioperative hyperglycemia is an independent risk factor
for the development of infectious complications after
surgery.27

Perioperative Hyperglycemia and Outcome
after Cardiovascular Surgery

Cardiac surgery introduces unique challenges to the
maintenance of perioperative euglycemia. Without careful
management during cardiopulmonary bypass (CPB),
postoperative serum glucose concentrations often become
elevated far above the normal range, even in nondiabetic
patients. The multifactorial surgical stress response previ-
ously described tends to be profound during cardiovas-
cular surgery, where acute glucose intolerance in the
form of insulin suppression, stress hormone-induced
gluconeogenesis, and impaired glucose excretion resulting
from enhanced renal tubular resorption are all encoun-
tered.28,29 This is further aggravated by insulin resistance
persisting after CPB30 and resulting in carbohydrate
metabolism being restricted in myocardial and peripheral
musculature.

Investigations have consistently reaffirmed evidence
that the resulting hyperglycemia is an independent
risk factor that predicts an increase in short-term and
long-term morbidity and mortality rates after cardio-
vascular surgery. Many retrospective analyses conducted
in patients undergoing coronary artery surgery indicated
that increased blood glucose concentration was an impor-
tant predictor of morbidity and mortality. These results
were confirmed by a prospective randomized clinical
trial of critically ill patients (63% cardiac surgical patients)
admitted to a surgical intensive care unit (ICU) who
received intensive treatment with intravenous insulin
to control blood glucose concentrations between 80 and
110 mg/dL, who were compared with conventionally
treated patients who received insulin only if blood glu-
cose exceeded 215 mg/dL. Aggressively treated patients
with a prolonged length of stay in the ICU demonstrated
significant decreases in morbidity and mortality rates.

In a single-center observational study of 1157 CABG
surgery patients older than 75 years of age, one significant
predictor of postoperative mortality was postoperative
plasma glucose greater than 300 mg/dL.31 The evidence
further suggests that hyperglycemic damage during car-
diovascular surgery can sometimes occur at glucose con-
centrations that are not much higher than the normal
range.

The detriment of hyperglycemia in the cardiovas-
cular surgical patient is related to the cerebral ischemia
encountered during these surgeries, where hyperglyce-
mia was proven to further exacerbate neurologic injury.
There appear to be several different mechanisms by which
hyperglycemia can give rise to increased neuronal injury
in the presence of cerebral ischemia,32 including intracel-
lular lactic acidosis caused by anaerobic glycolysis33 and
microvascular dysregulation.34 Furthermore, decreased
glutamine transport resulting in endothelial swelling, and
microvascular plugging35 and hemorrhagic transforma-
tion of ischemic infarcts36 can also be factors. Finally,
significant reduction in blood-brain barrier transport and
in regional cerebral blood flow demonstrated with hyper-
glycemia could further exacerbate neuronal injury in the
presence of ischemia.37

Glycemic Control in the Setting of Acute
Myocardial Infarction

The acute myocardial ischemia that usually precedes
emergent revascularization has also been shown to be
independently associated with the stress response. In
patients with acute MI, elevated glucose levels are a pre-
dictor of mortality in patients with and without diabe-
tes.38,39 Furthermore, hyperglycemia was associated with
larger infarct size in patients without a prior history
of diabetes who were being treated with perfusion ther-
apy for ST-segment elevation MI.40 A meta-regression
analysis of data published in 20 studies of more than



180 Section III PERIOPERATIVE MANAGEMENT
95,000 patients showed a similar relationship between
fasting blood glucose concentration and the relative risk
of sustaining a cardiovascular event.41

Once more, not only was hyperglycemia associated
with unfavorable outcome in the setting of acute MI,
but treatments to maintain euglycemia in acute coronary
syndromes proved to be beneficial to patient outcome.
Glycemic control interventions were related to the out-
come after acute myocardial infarction in diabetic
patients. The Diabetes and Insulin-Glucose Infusion in
Acute Myocardial Infarction (DIGAMI) study addressed
prognostic factors and the effect of conventional or
aggressive treatment of hyperglycemia initiated within
24 hours of MI on mortality rate in patients with diabe-
tes.42 The study found that intensive insulin treatment
during MI reduces the deleterious effect of poor metabolic
control on the subsequent incidence of death.

Perioperative Hyperglycemia and the
Outcome of Critically Ill Patients

Hyperglycemia associated with insulin resistance is
common in critically ill patients, even if they have not
previously had diabetes.43-45 It has been reported that pro-
nounced hyperglycemia might lead to complications in
such patients.46-48 For example, preoperative hyper-
glycemia was shown to increase the risk of renal failure
(highest relative risk of 3.7) in critically ill patients in
a prospective observational multicenter study of 2222
patients undergoing elective CABG surgery.49

Intensive insulin therapy to maintain blood glucose at
or below 110 mg/dL was proven to reduce morbidity
and mortality rates among critically ill patients after sur-
gery, regardless of whether they had a history of diabetes.
A large-scale prospective, randomized, controlled study
was conducted on critically ill adults admitted to a surgi-
cal ICU to assess the effect of glycemic control on the out-
come of such patients.50 On admission, patients were
randomly assigned to receive “intensive” insulin therapy
(maintenance of blood glucose at a level between 80 and
110 mg/dL) or “conventional” treatment (infusion of
insulin only if the blood glucose level exceeded 215 mg/
dL and maintenance of glucose at a level between 180
and 200 mg/dL). Intensive insulin therapy reduced mor-
tality rate during intensive care from 8% with con-
ventional treatment to 4.6%. The benefit of intensive
insulin therapy was attributable to its effect on mortality
rate among patients who remained in the ICU for more
than 5 days (20.3% versus 10.6% conventional versus
intensive insulin therapy). The greatest reduction in mor-
tality rate involved deaths that were due to multiple-
organ failure with a proven septic focus. Intensive insulin
therapy also reduced overall in-hospital mortality rate by
34%, bloodstream infections by 46%, acute renal failure
requiring dialysis or hemofiltration by 41%, and critical-
illness polyneuropathy by 44%. Patients receiving inten-
sive therapy were less likely to require prolonged
mechanical ventilation and intensive care.

Tight glycemic control in the medical ICU, similarly,
showed improved outcome in patients who required a
prolonged ICU stay (longer than 3 days). Results included
reduced measures of morbidity (such as renal dysfunc-
tion and prolonged mechanical ventilation); however,
mortality rate was not significantly reduced with intent
to treat analysis of data (40% versus 37.3% in conven-
tional compared with tight glycemic therapy). Surpris-
ingly, among patients who had a short ICU stay (less
than 3 days), mortality rate was higher in the tight
glycemic therapy group (26.8% versus 18.8% in inten-
sively and conventionally treated groups, respectively).
After adjustment for baseline characteristics, including
Acute Physiologic Assessment and Chronic Health Eval-
uation (APACHE 2) score, this difference was not statis-
tically significant. The increased early mortality rate,
albeit not statistically significant, will necessitate further
investigations.

Perioperative Hyperglycemia and Neurologic
Outcome after Brain Injury

The prognostic value of hyperglycemia as a reflection
of the extent of brain damage has been elucidated in
patients with cerebral infarction, intracerebral hemor-
rhage, subarachnoid hemorrhage, and traumatic head
injury. A multivariate regression analysis showed a strong
correlation between blood glucose (within 24 hours of a
cerebrovascular accident) and outcome in 1259 patients
with acute ischemic stroke and confirmed that hypergly-
cemia may worsen the clinical outcome in nonlacunar
(atheroembolic, cardioembolic) stroke.51 Hemorrhagic
extension of ischemic stroke has also been strongly corre-
lated both in frequency and extent with hyperglycemia
in various clinical series, as well as in experimental
studies.52

Hyperglycemia after subarachnoid hemorrhage proved
to be associated with serious hospital sequelae, includ-
ing increased ICU stay, increased mortality rate, and
severe disability.53 Hyperglycemia has also been shown
to worsen neurologic outcome after traumatic brain
injury,54,55 where brain injury is associated with an acute
sympatho-adrenomedullary response characterized by an
increase in the blood levels of catecholamines. The increase
in circulating catecholamines causes intracranial hyper-
tension,56 a hyperdynamic cardiovascular response,57

increased brain oxygen requirements,58 and a rise in serum
glucose levels.59
AREAS OF UNCERTAINTY

A few areas in clinical hyperglycemia and its intervention
need further research, including further elucidation of the
mechanism of exacerbation of hyperglycemia, develop-
ment of complications from hyperglycemia, and variables
that improve on perioperative glycemic control.

1. Central mechanisms underlying exacerbation of hyper-
glycemia and its complications
a. Counterregulatory hormones
b. Decreased glucose utilization (insulin resistance)
c. Role of inflammatory response (cytokines)
d. Glycemic variability and increased free radical

production
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2. Improving glycemic control

a. Refinement and standardization of insulin protocols
and serum glucose monitoring

b. Optimal glycemic targets for medical ICUs
c. Role of various anesthetic regimens and agents on

glycemic control
d. Impact of intraoperative intensive insulin therapy

on perioperative outcome

Although intensive glycemic control has been strongly
advocated by many, some authors have argued that
strict glycemic control may pose the risk of signifi-
cant hypoglycemia in some patients.1 The study by
Chaney and colleagues59a documented that attempting
to maintain normoglycemia during CPB with insulin
may initiate postoperative hypoglycemia in nondiabetic
patients. Moreover, the recommended ranges for safe
glucose levels after surgery varied widely from one study
to another, with the proposed threshold being some-
times as low as 100 mg/dL and other times as high as
200 mg/dL.

To date, there is no general consensus on the patho-
physiologic mechanism whereby hyperglycemia increases
the risk of perioperative infectious complications. Most
authors agree that if the increased risk of postoperative
infection in diabetic individuals is related to short-term
effects of hyperglycemia, strict perioperative glycemic
control might reduce this risk. On the other hand, many
argue that if the risk is related indirectly to glycemic
control via its long-term connection with microvascular
disease, the disadvantages of strict glycemic control (i.e.,
increased risk of significant hypoglycemia, added costs
related to monitoring) might outweigh any potential
benefits.
GUIDELINES

Although clinical trials demonstrated the deleterious
effects of perioperative hyperglycemia, the ideal target
for and cardiovascular benefit of intraoperative and
postoperative glycemic control are not entirely clear.
Results of regression analyses suggest that blood glucose
concentrations controlled to less than 150 mg/dL in the
perioperative period may improve outcome and mini-
mize the risk of severe hypoglycemia in anesthetized
patients.

The American College of Endocrinology recently pub-
lished a position statement recommending that prepran-
dial glucose concentration should be less than 110 mg/dL,
with maximal glucose not to exceed 180 mg/dL in hospita-
lized patients, and that blood glucose concentration should
be controlled to less than 110 mg/dL in the ICU.

The use of intravenous insulin therapy to maintain
glycemic control in the perioperative period was
recommended.

Guidelines for the perioperative care of patients
with diabetes have recommended levels of glycemic
control high enough to avoid hypoglycemia, but low
enough to avoid excess catabolism, ketoacidosis, and
hyperosmolarity.60,61
AUTHORS’ RECOMMENDATIONS

For elective cases, preoperative preparation is the general pream-
ble of practice. Diabetic patients should achieve adequate glyce-
mic control preoperatively, where most favorable outcomes
were associated with a preoperative glycosylated hemoglobin
level of 7.4% or less.

A balanced approach of maintaining normoglycemia and
intensive insulin therapy is probably warranted. Initially, it is
important to attempt to establish normal blood glucose levels by
prophylactic means:

l Avoid glucose-containing solutions.
l Minimize glucose load during cardiac surgery in CPB
prime and cardioplegia solutions.

l Anticipate hyperglycemia associated with starting exogenous
catecholamine infusions.

Blood glucose levels should have targeted control during the
perioperative period, particularly in certain higher-risk patient
populations, which include the following:

l Patients with diabetes mellitus
l Patients who are at high risk of myocardial ischemia
l Patients who undergo vascular surgical procedures
l Patients who undergo major or prolonged noncardiac
surgical procedures

l Patients who are admitted to the ICU in the perioperative
period

l Patients who have acute hyperglycemia postoperatively
l Patients who have neurosurgical procedures for traumatic
brain injury

Most important, once insulin therapy is implemented, the key
to minimizing the risk/benefit ratio of interventional therapy is
frequent blood glucose monitoring.
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When Should Perioperative
Glucocorticoid Replacement Be
Administered?

Diane E. Head, MD; Aaron Joffe, DO; and Douglas B. Coursin, MD
Glucocorticoids were introduced into clinical practice in
1949 with the release of a purified preparation known as
cortisone. The treatment was revolutionary for patients
suffering from adrenal insufficiency (AI) and for the
management of other acute and chronic diseases such as
rheumatoid arthritis and systemic lupus erythematosus.
Shortly after the introduction of cortisone, two case
reports were published describing surgical patients on
chronic glucocorticoid treatment whose treatment was
held in the perioperative period. The first involved a
34-year-old man who had cortisone therapy (25 mg
twice daily) discontinued 48 hours before surgery. His
subsequent death was attributed to acute AI caused by
abrupt withdrawal of glucocorticoids. However, there
were extenuating circumstances that may have contribu-
ted to his death.1,2 The second case involved a 20-year-
old woman who had been taking 62.5 to 100 mg of
cortisone daily for approximately 4 months. She died less
than 6 hours after surgery, with autopsy findings confirm-
ing bilateral adrenal hemorrhages and cortical atrophy
indicative of AI.2,3 From these case reports came the con-
ventional wisdom to supplement patients receiving exog-
enous steroids with large “stress doses” throughout the
perioperative period. This practice has come under scru-
tiny over the past decade because of questions about effi-
cacy and concern about side effects from excessive doses.

Endogenous glucocorticoids are cholesterol derivatives
produced in the zona fasciculata of the adrenal cortex.
Their release is controlled by a feedback mechanism
known as the hypothalamic-pituitary-adrenal (HPA) axis.
Corticotropin-releasing hormone (CRH), released by the
hypothalamus, acts on the pituitary gland to initiate the
production of adrenocorticotropic hormone (ACTH or
corticotropin). ACTH then stimulates the adrenal glands
to produce cortisol, which acts as negative feedback for
CRH in the hypothalamus. Glucocorticoids are integral
factors in normal cellular homeostasis and metabolism.
Cortisol potentiates production of catecholamines and
regulates the synthesis, responsiveness, coupling, and
regulation of beta-adrenergic receptors. Glucocorticoids
also regulate the normal metabolism of carbohydrates,
proteins, and lipids. Glucocorticoid hormones modulate
cardiovascular function and wound healing and have
numerous other important metabolic functions.4-6

Daily endogenous glucocorticoid secretion is estimated
to be between 5 and 10 mg/m2. This corresponds to 5 to
7 mg/day of oral prednisone or 20 to 30 mg/day of
hydrocortisone. Cortisol synthesis can increase under
conditions of stress to 100 mg/m2/day.7-16

Deficiencies of glucocorticoid production result in AI,
which can be classified as a primary, secondary, or ter-
tiary process with acute and chronic forms (Table 29-1).
Primary AI occurs in patients who have destruction
of greater than 90% of the adrenal glands by hemorrhage,
tumor, infection, or an inflammatory process. This results
in deficient production of both mineralocorticoids and
glucocorticoids. Primary AI is relatively rare, most often
resulting from autoimmune destruction of the adrenal
glands. In developing regions of the world, it is most
commonly due to tuberculous destruction of the adrenals.
Secondary AI is also relatively uncommon and results
from insufficient production of ACTH resulting from
destruction or dysfunction of the pituitary gland itself.7,17

Tertiary, or iatrogenic, AI is the most commonly
encountered type. Tertiary AI results from the suppression
of the HPA axis over time, as a result of the administration
of exogenous glucocorticoids. Chronic ACTH suppression
from steroid treatment leads to adrenal atrophy. This can
result in a potentially harmful situation if exogenous gluco-
corticoids are discontinued, because the adrenals can no
longer produce adequate cortisol.18 Many trials have eval-
uated the need for glucocorticoids to protect patients from
acute AI in the perioperative period. The use of steroids to
modulate life-threatening illnesses such as sepsis and the
acute respiratory distress syndrome (ARDS) in the criti-
cally ill is a common focus of investigation.6

In this chapter, evidence supporting the need for peri-
operative glucocorticoid supplementation is reviewed
along with appropriate dosing of glucocorticoids to pro-
tect patients from acute, stress-induced AI. Current evi-
dence-based indications for steroid treatment in severe
sepsis, ARDS, meningitis, acute spinal cord injury, and
traumatic brain injury are also reviewed.
EVIDENCE FOR PERIOPERATIVE STEROID
REPLACEMENT

Most of the clinical data on adrenal replacement therapy in
the perioperative period are based on case series or drawn
from clinical experience. Glucocorticoid replacement has
often been done on an empiric basis with little regard to



Table 29-1 Characteristics of Adrenal Insufficiency (AI)

Type Features Incidence Etiologies

Primary ACTH independent Adrenal gland
dysfunction, destruction, or replacement;
requires >90% loss of adrenal tissue
Loss of mineralocorticoid and
glucocorticoid production Increased ACTH
production Requires lifetime therapy

Prevalence: 40-110 cases/
million Incidence: 6 cases/
million per year

Autoimmune (70%-90% of U.S. cases)
frequently associated with a polyglandular
deficiency syndrome
HIV infection is most common infectious
cause in the United States
AI develops in 30% of patients with
advanced AIDS
Tuberculosis is most common infectious
cause worldwide
Inflammation
Cancer (breast, lung, melanoma most
common)
Acute infectious
Addisonian crisis (meningococcemia, purpua
fulminans, stress, hemorrhage, shock)

Secondary ACTH dependent
Signs and symptoms usually caused by
loss of glucocorticoid function Usually have
intact mineralocorticoid function Rarely
hypovolemic, more commonly
hypoglycemic

Uncommon Decreased or absent ACTH (may be
panhypopituitary or anterior pituitary
dysfunction)
Pituitary depression, dysfunction/damage
Tumor, postpartum Hypothalamic failure or
dysfunction

Tertiary Caused by hypothalamic/pituitary
depression or absence

Most common form Usually from iatrogenic corticosteroid
therapy and suppression of the HPA axis

From Coursin DB, Wood KE: JAMA 2002;287:236-240; Orth DS, Kovas J: In Wilson JD, Foster DW, et al: Williams textbook of endocrinology, ed 9, Philadelphia,
WB Saunders, 1998; Oelkers W: N Engl J Med 1996;335:1206-1212.

ACTH, adrenocorticotropic hormone (corticotropin); AIDS, acquired immunodeficiency syndrome; HIV, human immunodefiency virus; HPA axis, hypothalamic-
pituitary-adrenal axis.
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the duration of dosing, total daily dose, stress of the surgery,
or the ability to evaluate the HPA axis and cortisol pro-
duction. In 1953 Lewis and colleagues3 proposed the first
treatment guidelines for patients taking exogenous glucocor-
ticoids. These guidelines, which recommended large periop-
erative increases in glucocorticoids, became the standard of
therapy despite being based on limited anecdotal experience.
There are few well-designed, prospective, randomized,
blinded clinical trials investigating optimal perioperative ste-
roid supplementation. As well, future studies investigating
optimal perioperative steroid use are unlikely because of
cost, logistical problems, and enrollment limitations.
EVIDENCE THAT SURGERY-INDUCED
ACUTE ADRENAL INSUFFICIENCY IS
HARMFUL

The case reports from Fraser and colleagues1 and Lewis
and colleagues3 were sufficient to convince the medical
community that acute AI from perioperative gluco-
corticoid withdrawal had the potential to cause serious
morbidity and mortality risks. In 1976 Kehlet19 produced
an extensive review of 57 case reports from 1952 to 1973
documenting perioperative shock or death in patients
taking glucocorticoids. In all cases, adverse outcomes
were suspected to be secondary to stress-induced AI.
The interval between surgery and shock or death ranged
from preoperatively to 48 hours postoperatively. Interest-
ingly, only 3 cases out of the 57 displayed hypotension
and low plasma cortisol levels to suggest acute AI.
The remainder of the cases were inconclusive or had no
evidence to link the outcomes to AI.19

In contrast, two large studies byMohler and colleagues20

and Alford and colleagues21 support the rarity of acute AI
secondary to inadequate perioperative glucocorticoid cover-
age. Mohler and colleagues20 performed a retrospective
review of 6947 urologic procedures in glucocorticoid-treated
patients. Only one case of perioperative AI was identified
(0.01% of patients).20,22 Alford and colleagues21 performed
a similar review of 4346 cardiothoracic surgeries and con-
firmed only 5 cases of AI (0.1% of patients). These reviews
support the fact that surgically induced AI can occur,
though it is a relatively rare occurrence.

One group of patients that may deserve special con-
sideration is elderly surgical patients. To determine the
incidence and outcome of AI in elderly patients having
high-risk surgery, Rivers and colleagues23 performed a
prospective, observational case study. One hundred four
adult patients who required vasopressor therapy postop-
eratively despite adequate volume resuscitation received
a cosyntropin (synthetic ACTH) stimulation test with
plasma cortisol measurements at 30 and 60 minutes.
Empiric hydrocortisone (100 mg intravenously [IV]
for three doses) was given at the discretion of the pri-
mary team. Adrenal dysfunction (defined as serum corti-
sol less than 20 mg/dL with change in cortisol of less
than 9 mg/dL after ACTH) or functional hypoadrenal-
ism (serum cortisol less than 30 mg/dL with change
in cortisol of less than 9 mg/dL after ACTH) was
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found in 32.7% of patients. Mortality rate was signifi-
cantly lower in the hydrocortisone-treated patients with
AI (21% versus 45%, p <0.01). This incidence of relative
AI is higher than would be expected for both the general
surgical population and for those on chronic steroid
treatment.

WHICH PATIENTS SHOULD BE TREATED?

For many years, surgical patients on glucocorticoids were
placed on a standardized “set” dose of supplementary
steroid throughout the perioperative period. This method
eventually came under question because of the deleteri-
ous effects of large doses of steroids, including poor
wound healing, inadequate glucose control, fluid retention,
hypertension, electrolyte imbalances, immunosuppres-
sion, gastrointestinal bleeding, and untoward psychologic
effects.2 There was a call for a replacement regimen that
would approximate the duration and magnitude of the
normal surgical stress response while minimizing excess
steroid exposure and avoiding untoward side effects.

In a 1994 review, Salem and colleagues8 concluded as
follows:

1. Clinicians need to replace glucocorticoids only in an
amount equivalent to the normal physiologic response
to surgical stress,24-26

2. The risk of anesthetizing and operating on unsupple-
mented glucocorticoid treated patients (prolonged use
preoperatively, but none given intraoperatively) is
dependent on the duration and severity of the surgery.8

They further recommended that the amount and duration
of the steroid therapy take into account the preoperative
dose and duration of glucocorticoid treatment.8

WHAT IS THE NORMAL RESPONSE TO
SURGICAL STRESS?

In the work of Salem and colleagues,8 seven prospective
analyses from 1957 to 1975 examining cortisol secretion
after major surgery were reviewed. The combined number
of subjects in all of the investigations was 40. None of the
patients in the studies were adrenally insufficient or tak-
ing glucocorticoids. The range of 24-hour cortisol secre-
tion was wide, varying from 60 mg/24 hours to 310 mg/
24 hours. In 1973 Kehlet and Binder12 found a cortisol
secretion rate of 10 mg/hr immediately postoperatively,
which decreased to 5 mg/hr by 24 hours following sur-
gery. Wise and colleagues’ work11 in 1972 found 24-hour
cortisol secretion to be only 60 mg.8-15 Nevertheless, it
is generally accepted that most healthy, non–steroid-
dependent patients will secrete somewhere between 75
and 150 mg of cortisol in the first 24 hours after major
surgery or up to 100 mg/m.2,7,27

INTEGRITY OF THE HYPOTHALAMIC-
PITUITARY-ADRENAL AXIS IN PATIENTS
TAKING CHRONIC STEROIDS

Several studies have confirmed that patients on small
doses of steroids have normal responses to HPA testing.
La Rochelle and colleagues28 prospectively observed the
integrity of the HPA axis in patients receiving chronic
low-dose prednisone. They selected 50 steroid-dependent
patients receiving no more than 10 mg/day of prednisone
for a mean duration of 41 months. The patients were then
given a rapid cosyntropin stimulation test with 250 mcg
of cosyntropin. All the patients receiving less than
5 mg/day had a normal cortisol response to cosyntropin.
Those receiving between 5.5 and 6.8 mg/day displayed
an intermediate response, and those with means above
6.8 mg/day displayed a suppressed response to ACTH
stimulation.

In 1995 Friedman and colleagues29 prospectively evalu-
ated 28 patients on chronic glucocorticoid therapy under-
going a total of 35 major orthopedic surgeries, including
total hip and knee replacements. The mean dose of pred-
nisone was 10 mg/day with a mean duration of therapy
of 7 years. No perioperative stress doses of steroids were
administered, though baseline therapy was continued.
Patients were observed for changes in blood pressure,
fever, serum electrolytes, and other clinical variables.
In addition, 24-hour urinary-free cortisol was measured
to identify normal levels and increases reflecting pro-
duction of endogenous glucocorticoids. Despite the lack
of “stress”-dose corticosteroids, there were no significant
changes in clinical parameters indicative of perioperative
glucocorticoid deficiency. In addition, biochemical mar-
kers revealed a normal endogenous response to stress
despite chronic steroid use.

In 1973 Kehlet and Binder16 performed a prospective
case-control study to determine if patients on chronic glu-
cocorticoid therapy could mount a physiologic response
to major surgery if steroids were discontinued periopera-
tively. With 14 non–steroid-dependent patients under-
going surgery as controls, they followed 74 patients
on long-term glucocorticoid therapy undergoing major
surgery (prednisone dose 5 to 80 mg/day) and 30
steroid-dependent patients undergoing minor surgery
(prednisone dose 5 to 30 mg/day). Glucocorticoids were
stopped 36 hours preoperatively and restarted 24 hours
postoperatively. Plasma cortisol levels were measured
for the first 24 hours postoperatively. Approximately
30% of the glucocorticoid-treated patients exhibited a
blunted adrenocortical response to surgery, but only one
patient showed any clinical signs or symptoms of AI.
Interestingly, the majority of the controls in the minor sur-
gery category showed little or no cortisol response to sur-
gery. The researchers concluded that impaired adrenal
responses were more prevalent in patients taking higher
doses and for those taking steroids for longer durations.
Patients who received more than 12.5 mg of prednisone
for more than 6 months, more than 10 mg of predni-
sone for more than 2 years, or more than 7.5 mg of
prednisone for more than 5 years all showed an impaired
adrenocortical response. The one patient who was symp-
tomatic had no detectable plasma cortisol, but was treated
without resultant morbidity. From this study, it can be
hypothesized that even an impaired ACTH response may
be somewhat protective and that dose and duration of
steroid therapy influence cortisol response to stress.

Kenyon and Albertson30 performed a prospective
study on 40 patients taking prednisone (doses from
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5 to 10 mg/day) who were admitted to the hospital for ill-
ness, metabolic abnormalities, or surgery. No stress-dose
steroids were given at any time during hospitalization.
Over the first 36 hours the authors measured serum corti-
sol, 24-hour urine cortisol, and ACTH. Once the patients’
clinical condition improved, a cosyntropin stimulation test
(250 mcg) was repeated. Although the response to the
cosyntropin stimulation test was blunted in 63% of the
subjects, 97% had normal or increased urinary cortisol
concentrations. This implies that despite chronic steroid
treatment, adrenal function and endogenous glucocorti-
coid production were sufficient to meet the stress of
illness or surgery.8,30
DURATION AND SEVERITY—ADAPTING
THE REGIMENS

The routine use of one-dose-fits-all steroid replacement
in surgical patients came into question in 1975 when
Kehlet suggested that procedures be divided into “major”
and “minor” categories. For major surgeries (intrathoracic,
major vascular, or major abdominal operations), the
recommendation was for hydrocortisone 25 mg IV at
induction, followed by hydrocortisone 100 mg IV every
24 hours until the patient was able to resume oral ste-
roid therapy. The goal of this approach was to adequately
replace the increased cortisol requirements of 75 to 150 mg
in the first 24 hours.7,16 For minor surgeries (surgeries tak-
ing less than 1 hour and those performed under local
anesthetic), Kehlet suggested hydrocortisone 25 mg IV at
the start of surgery, with oral therapy resuming postoper-
atively.27 This recommendation was based on a study
showing that normal subjects often do not mount a stress
response to minor surgery and at most secrete 50 mg/day
of cortisol.16

In 1978 Gran and Pahle31 recommended depot-beta-
methasone acetate/phosphate as a single intramuscular
(IM) injection in perioperative patients receiving glucocor-
ticoids. In a prospective cohort study on 1461 surgical
patients on chronic steroid therapy, patients received
depot-betamethasone before surgery, 2 mg for major pro-
cedures and 1 mg for minor procedures. There were no
reports of AI, delayed healing, or gastrointestinal bleed-
ing. The authors contend that ease of administration is a
major benefit of this regimen.

Salem and colleagues8 advised that perioperative sup-
plementation should be individualized and based on prior
steroid dose, duration, and degree of anticipated surgical
stress. For minor surgeries, 25 mg hydrocortisone or
equivalent dose (oral prednisone or a parenteral equiva-
lent) was suggested, with resumption of the chronic dose
the day after surgery. For procedures of perceived moder-
ate stress, such as an open cholecystectomy or segmental
colon resection, 50 to 75 mg/day of hydrocortisone equiv-
alent oral or parenteral) with a rapid taper over 1 to 2 days
was recommended. For major surgery, such as cardiac
surgery involving bypass, a target of 100 to 150 mg of
hydrocortisone equivalent per day with a rapid taper over
2 to 3 days was advised (see Table 29-3 later in this
chapter).
AREAS OF EVOLVING INTEREST AND
ONGOING CONTROVERSY

There are several areas of specific interest in the therapeu-
tic administration of glucocorticoids in critically ill
patients. These include treatment of patients suffering
from severe sepsis and septic shock, ARDS, meningitis,
traumatic brain injury (TBI), and acute spinal cord injury
(SCI). The use of etomidate in critically ill patients, a topic
of renewed interest, is also reviewed.
Severe Sepsis and Septic Shock

Several large prospective studies performed in the 1970s
and 1980s using supraphysiologic doses of corticosteroids
(e.g., 30 mg/kg methylprednisolone) up to several times
per day did not show a survival benefit in patients with
septic shock. In some instances morbidity was increased
because of secondary infectious complications.32-37 In
recent years, however, there has been renewed interest
in low- to moderate-dose (“physiologic”) glucocorticoids
in the treatment of sepsis. Annane and colleagues38

reported a prospective, randomized, placebo-controlled
trial (RCT) of low-dose corticosteroids in septic shock. In
this investigation, 300 patients with septic shock refrac-
tory to fluid resuscitation and vasopressors were rando-
mized to receive hydrocortisone 50 mg IV every 6 hours
plus oral fludrocortisone 50 mcg daily for 7 days versus
placebo. All underwent cosyntropin stimulation testing.
In the 229 patients who were nonresponders to ACTH
testing (76%), there was a significant reduction in the risk
of death in the steroid versus placebo group (53% versus
63%, p ¼ 0.02). In addition, the duration of vasopressor
therapy was significantly shorter in patients treated with
steroids. There were no significant differences in adverse
events between groups. This influential study led to
renewed interest and widespread clinical use of physio-
logic supplementation (�300 mg/day of hydrocortisone
or its equivalent) of glucocorticoids in the treatment of
septic shock and sepsis-induced hypotension.

In contrast, the recently reported 499-patient Corticoste-
roid Therapy of Septic Shock (CORTICUS) trial reported
no benefit of corticosteroid supplementation on overall
survival or reversal of shock.39 The largest multicenter
RCT to date, patients with septic shock unresponsive
to fluids and vasopressors were randomized to receive
steroids (hydrocortisone 50 mcg every 6 hours for 5 days
followed by a 6-day taper) or placebo. All underwent
cosyntropin stimulation testing before treatment. In a
departure from the study by Annane, there was no dif-
ference in mortality rate between the hydrocortisone
and placebo groups in those unresponsive to cosyntropin
stimulation. In patients whose shock was reversible, rever-
sal occurred more quickly in the hydrocortisone group,
though there were more superinfections in the treatment
arm. Other side effects noted were hyperglycemia and
hypernatremia.

Evidence on steroids in the treatment of sepsis is
continually evolving. The most recent 2008 Surviving
Sepsis Campaign international guidelines for the manage-
ment of severe sepsis and septic shock recommend that
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stress-dose steroid therapy only be given after conven-
tional treatment with fluids and vasopressors has failed
to restore adequate perfusion. The guidelines also suggest
that cosyntropin stimulation testing not be used to iden-
tify those with septic shock who will receive hydro-
cortisone treatment.40

Acute Respiratory Distress Syndrome

Corticosteroids, in doses of 1 mg/kg/day methylpredniso-
lone or equivalent, have been reported to lead to improve-
ment in clearing lung inflammation and lung physiologic
parameters.41 A single-center randomized trial involving
24 patients in the fibroproliferative phase (�7 days from
onset) of ARDS reported improved lung function and
survival with moderate-dose, prolonged corticosteroid
administration.42

However, the ARDSnet Clinical Trial Group study, a
180-patient multicenter RCT of steroids in persistent
ARDS, did not report a mortality benefit with steroid
treatment.43 In this study, methylprednisolone (2 mg/kg
for one dose, then 0.5 mg/kg every 6 hours for 14 days
with an extended taper), was associated with reductions
in shock symptoms and ventilator days, improved respi-
ratory system compliance, and reduction in need for vaso-
pressor therapy, but not improved survival. In addition,
significantly increased 60- and 180-day mortality rates
were identified in steroid-treated patients enrolled greater
than 14 days after disease onset. Infectious complications
were not increased, but the incidence of neuromuscular
weakness was higher in the methylprednisolone-treated
patients.

A recently published prospective RCT that adminis-
tered methylprednisolone by continuous infusion in 91
patients with early ARDS (onset �72 hours) reported
improvements in lung function and extrapulmonary organ
function, and reductions in both duration of mechanical
ventilation and intensive care unit (ICU) length of stay.44

It should be noted that strict infection surveillance, tight
glucose control, and avoidance of neuromuscular blocking
drugs were integral parts of the protocol.

Given the inconsistencies in clinical evidence, the pre-
cise role of corticosteroids in ARDS remains elusive and
requires further study with multicenter RCTs.

Meningitis, Traumatic Brain Injury,
and Acute Spinal Cord Injury

One recent RCT and a systematic review indicate that
dexamethasone, administered in conjunction with the
first antibiotic dose, significantly reduces mortality rate,
severe hearing loss, and neurologic sequelae in adults
with community-acquired bacterial meningitis.45,46

Despite a significant incidence of hypoadrenalism soon
after TBI (25%), there is strong evidence against routine
corticosteroid treatment in head-injured patients.47 In a
large multicenter study the risk of death from all causes
within 14 days was higher in those patients with TBI
who received a 48-hour infusion of corticosteroids when
compared with those administered placebo. Furthermore,
at 6 months, the relative risk of death or severe disability
favored the placebo group.48,49

The treatment of acute SCI with steroids is controver-
sial. Evidence from the National Acute Spinal Cord Injury
Studies (NASCIS) in the early 1990s supported high-dose
methylprednisolone (30 mg/kg with infusion of 5.4 mg/
kg/hr for 24 hours) following acute SCI, ideally adminis-
tered within 8 hours of injury.50 Based on these initial
studies, the treatment was widely adopted and became a
standard of care. However, there has been much criticism
of the study design and statistical analysis, and other
conflicting clinical evidence has emerged, causing some
clinicians to abandon use because of an unacceptable
risk/benefit ratio.51-53 A Cochrane review supports meth-
ylprednisolone use for SCI, as does a recent retrospective
review on the use of steroids in incomplete acute cervical
SCI.54,55 In an investigation by Leypold and colleagues56

comparing acute SCI lesions by MRI characteristics,
patients who received methylprednisolone had signifi-
cantly less intramedullary spinal cord hemorrhage than
those who were not treated.

Indicative of the situation is a recent survey of 305
spine surgeons that found 90% would initiate methyl-
prednisolone, especially if within the 8-hour window.
Importantly, many cited institutional protocols and medi-
colegal reasons as justification for use; only 24% used
steroid treatment because of a belief in improved out-
comes.57 An area of ongoing debate, high-dose methyl-
prednisolone may be effective in promoting some degree
of neurologic improvement if given early following injury,
though more well-designed RCTs are necessary.

Etomidate

There has been increased interest recently in the use of
the induction agent etomidate in critically ill patients,
in particular to facilitate intubation. An imidazole deriva-
tive, etomidate is often a first-line agent for endotra-
cheal intubation or procedural sedation in the critically
ill because of its minimal hemodynamic side effects. How-
ever, it is known to inhibit the 11b-hydroxylase enzyme
responsible for converting 11b-deoxycortisol into cortisol
within the adrenal gland. The potent suppression of
adrenal steroidogenesis by etomidate was first described
in 1984 by Wagner and White.58 A more contemporary
report confirms that AI, defined as an inadequate
response to the administration of 250 mcg of cosyntropin,
can last for 24 hours in children suffering meningococcal
sepsis59 and for up to 48 hours in critically ill adults.60

However, a recent publication reported that neither clini-
cal outcome nor therapy was affected when etomidate
was used in critically ill patients.61 The clinical relevance
of the effect of etomidate on adrenal function remains
open to debate. Until further evidence is available, some
authors recommend etomidate be used judiciously in the
critically ill, whereas others recommend discontinuing
its use altogether, particularly in patients with severe
sepsis or septic shock.
GUIDELINES

There are currently limited accepted guidelines on the
perioperative use of a glucocorticoid replacement. An
ongoing Cochrane analysis on perioperative steroid
management for the adrenally insufficient patient is
under way.62



Table 29-3 Guidelines for Adrenal
Supplementation Therapy

Medical or
Surgical Stress Corticosteroid Dosage

MINOR

Inguinal hernia
repair

Colonoscopy
Mild febrile illness
Mild-moderate

nausea/vomiting
Gastroenteritis

25 mg of hydrocortisone or 5 mg of
methylprednisolone IV day of
procedure only

MODERATE

Open
cholecystectomy

Hemicolectomy

50-75 mg of hydrocortisone or 10-15 mg
of methylprednisolone IV day of
procedure

Significant febrile
illness

Taper quickly over 1-2 days to usual
dose

Pneumonia
Severe

gastroenteritis

SEVERE

Major cardiothoracic
surgery

Whipple procedure

100-150 mg of hydrocortisone or 25-30
mg of methylprednisolone IV day of
procedure

Liver resection Rapid taper to usual dose over next 1-
2 days

Pancreatitis

From Coursin DB, Wood KE: JAMA 2002;287:236-240.

IM
*I
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AUTHORS’ RECOMMENDATIONS

l Patients on chronic glucocorticoid therapy of more than 5 mg/
day of prednisone or its equivalent (Table 29-2) should receive
their daily therapeutic dose either orally or parenterally
(especially if there is question of enteral absorption) before a
procedure or during an illness. A graduated supplementation
schedule of the patient’s basic glucocorticoid dose (as outlined
in Table 29-3) is advocated for patients sustaining increasingly
stressful procedures or illnesses. Supplemental doses should be
tapered to baseline relatively quickly (within a day or so)
depending on stress of surgery and illness, as well as patient
response. Oral medications should be administered when the
patient is able to ingest and absorb them. Patients with primary
AI usually require both mineralocorticoid and glucocorticoid
replacement unless the total hydrocortisone dose is in excess of
50 mg within 24 hours. Most patients with secondary or tertiary
AI have intact aldosterone synthesis and usually only require
glucocorticoid replacement. Rarely, if ever, do patients require
greater than 200 mg/day of hydrocortisone or its equivalent for
glucocorticoid replacement or mineralocorticoid supplementa-
tion therapy. Although perioperative adrenal crisis is rare, a
physiologically based glucocorticoid replacement schedule
appears to be efficacious in limiting untoward side effects and
avoiding potential compromise secondary to acute AI. The
relatively high rate of functional hypoadrenalism in septic
patients and the elderly should be appreciated. These patients
should receive physiologic perioperative steroid replacement as
needed based on the clinical situation and random cortisol
measurements.

l Routine use of corticosteroids in patients with septic shock
or ARDS is not recommended, but should be used on a
case-by-case basis weighing the absolute cortisol level in septic
shock patients and the risk/benefit ratio in sepsis or ARDS.
Cosyntropin stimulation is not recommended routinely in the
evaluation of patients with septic shock.

l A short course of steroids is routinely recommended in the
acute treatment of common causes of bacterial meningitis,
particularly Streptococcus pneumoniae.

l Corticosteroid treatment for acute SCI is controversial, though
generally is used if initiated within 8 hours of the injury.
Methylprednisolone bolus within 8 hours of injury followed by
a 24- to 48-hour infusion is advised when used.

l Steroids are not, however, recommended in the treatment of
TBI.

l Etomidate is associated with transient inhibition of adrenal
steroidogenesis and should be used judiciously in the critically
ill patient.
Table 29-2 Comparative Steroid Potency (mg Basis)*

Steroid Preparation Glucocorticoid Effect Mineralocorticoid Effect Biologic Half-Life (hr) Formulation

Hydrocortisone 1 1 6-8 PO, IV, IM

Prednisone 4 0.1-0.2 18-36 PO

Methylprednisolone 5 0.1-0.2 18-36 IV

Dexamethasone 30 <0.1 36-54 PO, IV

Fludrocortisone 0 20 18-36 PO

, intramuscular; IV, intravenous; NPO, nil per os (nothing by mouth); PO, per os (by mouth).
ntravenous supplementation is the preferred route for patients who are NPO, have unpredictable or poor absorption of medications, or have major stresses or
critical illness. Prednisone is not recommended in patients who are unable to methylate it into an active form.
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Does the Choice of Fluid Matter
in Major Surgery?

Anthony M. Roche, MBChB, FRCA, MMed; Catherine M.N. O’Malley,
MBBS, FCARCSI; and Elliott Bennett-Guerrero, MD
INTRODUCTION

Numerous preparations of intravenous (IV) fluid are
available for the replacement of perioperative fluid losses
in patients undergoing major surgery. The selection of
a specific fluid may be influenced by multiple factors.
In the past, this choice may have been governed by
variables such as availability, cost, and tradition. Of late,
attention has focused on the possible systemic effects
of the various fluid preparations. Additionally, there is
awareness that particular fluids may not only influence
clinical parameters during the intraoperative period but
may also affect postoperative outcome. Increasingly, it
is the beneficial or detrimental effects of IV fluids, inde-
pendent of their efficacy as blood volume expanders,
that influence clinicians in their choice of fluid replace-
ment therapy for patients undergoing major surgical
procedures.

Many clinical and experimental studies have been
carried out to determine the potential clinical effects of
IV fluids. Unfortunately, there is a paucity of large, pro-
spective, randomized, blinded clinical studies of the
effects of the intraoperative administration of IV fluids
on clinical outcomes despite the fact that approximately
3 million major surgical procedures are performed annu-
ally in the United States alone. However, multiple out-
comes have been examined in small investigations in
numerous and diverse patient populations and in studies
of healthy volunteers. To address the question “Does the
choice of fluid matter in major surgery?” we will consider
the available data from prospective, clinical studies of
intravascular volume replacement in patients undergoing
major surgery. In the context of major surgery, it is reason-
able to suppose that the administration of a small volume
of a particular fluid type is unlikely to have a marked
impact on clinical outcome. Presumably, if differences
are seen with small volumes of fluids these effects will
also be observed when larger volumes are administered.
Hence, we will consider clinical studies in which at least
1 L of fluid is administered intraoperatively. The interpre-
tation of studies of IV fluids is somewhat confounded
by their size and design. In many cases, only small num-
bers of patients are studied. These trials may not have suf-
ficient power to detect differences in clinically relevant
outcomes, and their results are therefore interpreted with
this caveat in mind.
OPTIONS

Traditionally, IV fluids have been classified according to
whether they are crystalloid or colloid in nature. Crystal-
loid fluids comprise electrolyte solutions with or without
a bicarbonate precursor such as acetate or lactate. The col-
loids contain a complex sugar or protein suspended in an
electrolyte solution. A further distinction between IV fluid
types may be based on the nature of the solution. Prepara-
tions based on 0.9% NaCl (normal saline [NS]) (crystalloid
or colloid) contain no electrolytes other than sodium
and chloride. In contrast, balanced salt–based fluids such
as lactated Ringer’s solution are those that contain other
electrolytes with or without a bicarbonate precursor.

Several types of colloid are available, but three are
most commonly used: hydroxyethyl starch, gelatin, and
albumin. The hydroxyethyl starch (HES) preparations
differ from one another according to their concentration,
molecular weight, and extent of hydroxyethylation or
substitution, with resultant varying physiochemical prop-
erties. HES solutions may be described according to
concentration (3%, 6%, 10%), weight-averaged mean
molecular weight in kilodaltons (kDa): high molecular
weight (450 to 670 kDa), middle molecular weight (200
kDa, 270 kDa), low molecular weight (130 kDa, 70 kDa),
and the molar substitution (0.38 to 0.7). HES 450/0.7 is
available in a normal saline solution (HES 450/NS) and
in a lactated, balanced salt solution (HES 450/BS). Two
forms of gelatin are available: modified (succinylated)
and the polygelines. Whereas all these colloids are used
in Europe, gelatins are not available in the United States
and the only hydroxyethyl starch preparations approved
by the Food and Drug Administration (FDA) are the 6%
high molecular weight (450kDa) formulations.

EVIDENCE

The Impact of Intravenous Fluids on
Coagulation

The administration of a large volume of any type of
IV fluid will cause dilution of platelets and coagulation
factors and may lead to coagulopathy. In addition, fluids
can have a direct impact on blood clotting through effects
on circulating components of the coagulation cascade or
by altering platelet function. Because of the multifactorial



Chapter 30 Does the Choice of Fluid Matter in Major Surgery? 193
etiology of bleeding during surgery it is impossible to
know in any given patient whether the type of fluid admi-
nistered is a cause of bleeding independent of the impact
of hemodilution. Only properly designed, randomized,
clinical trials can determine fluid-specific effects on bleed-
ing and other clinical outcomes. Although many studies
report some clinical outcomes related to bleeding, a large
number focus on measurements of markers of coagulation
and are not designed to explore outcomes of more clinical
relevance such as blood product usage and surgical
reexploration for bleeding (Table 30-1).

The gelatins have not been associated, other than on an
anecdotal basis, with abnormalities in coagulation or clini-
cally significant perioperative bleeding. Six prospective
studies have compared gelatins with a number of HES pre-
parations for intraoperative intravascular volume replace-
ment in cardiac1 and noncardiac surgical patients.2-6

The administration of gelatin was not associated with more
blood loss or blood or blood product transfusions than any
other fluid in these studies.

The effects of the hydroxyethyl starches and 5% albu-
min on perioperative blood loss and markers of blood
clotting have been investigated in a number of clinical
trials.7-17 In a study of 120 major surgical patients, blood
loss was greater among patients who received HES 450/
NS than in patients who received HES 450/BS.8 Other
small studies have found little difference in clinically
relevant bleeding outcomes between 5% albumin and HES
450/NS.7,9,11,12 However, several retrospective analyses
have suggested that HES 450/NS may be associated with
more bleeding than other fluids.17-20

With regard to coagulation, another potentially rele-
vant variable relates to properties of the starch compo-
nent of fluids, in particular the mean molecular weight,
the degree of molar substitution, and the C2/C6 ratio.
A hydroxyethyl starch is available in Europe and
Canada (Voluven, Fresenius Kabi, Germany) that was
designed with a better coagulation profile in mind.
It has a mean molecular weight of 130, molar substitu-
tion of 0.4, and C2/C6 ratio of approximately 9:1.14,21-23

Several studies demonstrate that Voluven has fewer
adverse effects on coagulation compared with the higher
molecular weight starches or has an impact on coagula-
tion similar to gelatin.14,21-24 Voluven has recently
become commercially available in the United States. Of
note, a recent paper described a study of general surgi-
cal patients randomized to administration of a balanced
140/0.4 starch with a saline-based 140/0.4 starch.25

Another starch that may become available in the United
States is Pentalyte, a 6% hetastarch (molecular weight
250,000, degree of substitution 0.45) formulated in a
balanced electrolyte solution, containing lactate, Kþ,
Ca2þ, and Mg2þ. There are some animal and in vitro
data that coagulation effects are more favorable with
this medium molecular weight starch.26,27 Pentalyte
has recently undergone phase II testing in the United
States.

Some studies suggest that the nature of the solution
itself may influence coagulation and bleeding. HES 450/
NS may be associated with more bleeding than other
fluids, and HES 670 in a balanced salt solution appears
to be equivalent to 5% albumin with respect to bleeding
outcomes.10 Waters and colleagues28 reported that patients
undergoing abdominal aortic aneurysm repairwho received
lactated Ringer’s solution received smaller volumes of
platelets and had less blood product exposure than those
treated with normal saline. However, other data exist that
do not support a beneficial effect of balanced salt–type
fluids on coagulation.16,29

When differences between fluid types are seen they
may be mediated through impaired platelet function,
possibly as a consequence of diminished circulating von
Willebrand factor (vWF) antigen and vWF: ristocetin co-
factor in patients treated with normal saline–based rather
than balanced salt–based fluids.30 A second possible
explanation is the lack of calcium in 0.9% NaCl and
related fluids. Calcium is a necessary co-factor at several
points in the coagulation process. It is necessary for acti-
vation of clotting factors, as well as for normal platelet
function. In particular, calcium binding is a prerequisite
for the stability and function of the platelet GPIIb/IIIa
receptor. This receptor binds fibrinogen and vWF with
resultant platelet activation and aggregation. With blood
loss and IV fluid administration ionized calcium levels
may fluctuate, and this variation may affect coagulation.
Ionized calcium levels may be lower following adminis-
tration of normal saline and related fluids rather than
balanced salt fluids.2,8,29,31 The presence of calcium in IV
fluids may maintain more constant plasma calcium levels,
avoiding the potential detrimental effect of low or fluctu-
ating ionized calcium levels on coagulation.

Many of the clinical studies of coagulation-related
effects of IV fluids have focused on bleeding outcomes
without examining the possible procoagulant effect of var-
ious fluid preparations. It is possible that certain fluids
may induce hypercoagulability that may be reflected not
only by less bleeding but also by an increased incidence
of postoperative thrombotic complications (e.g., deep vein
thrombosis, cerebrovascular accident). There are some
laboratory data8,29 to suggest that IV fluid administration
may induce a hypercoagulable state, but the clinical sig-
nificance of this remains to be specifically explored in
prospective clinical studies.

The Impact of Intravenous Fluids on Urine
Output/Renal Function

There is a growing body of evidence suggesting that the
type of fluid administered to a patient can have a signifi-
cant impact on renal function. The administration of
HES to critically ill patients in the intensive care unit
(ICU) was associated with the development of renal dys-
function.32-34 In contrast with this, no difference in renal
function was observed in 50 perioperative cardiac surgical
patients with known renal dysfunction (serum creatinine
1.5 to 2.5 mmol/L) randomized to either HES 130/NS or
5% albumin solution.35 Data in patients with normal renal
function undergoing major surgery do not demonstrate
that HES is detrimental to renal function (Table 30-2).
Clinical studies have compared different HES/NS prep-
arations,4,14,21 HES/NS with gelatin,1,2,5,36 and HES/NS
with 5% albumin.11,12,37 Only one of these studies noted
differences between study groups in reported measures
of renal function.11



Table 30-1 The Impact of Commonly Used Intravenous Fluids on Coagulation: Prospective,
Randomized Clinical Trials of the Intraoperative Administration of �1 L of Intravenous Fluid

Author Fluids Studied Type of Surgery Findings

Beyer et al.2 HES 200/NS (n ¼ 19), gelatin/
NS (n ¼ 22)

Orthopedic No difference in blood loss or blood product
administration

Boldt et al.29 LR (n ¼ 21), 0.9% NaCl (n ¼ 21) Abdominal No difference in blood loss or blood product
administration

Boldt et al.37 HES 130 (n ¼ 25), 5% albumin
(n ¼ 25)

Abdominal No difference in blood loss, blood product
administration, or coagulation markers

Claes et al.7 HES 450/NS (n ¼ 20), 5%
albumin/NS (n ¼ 20)

Neurosurgical, abdominal No difference in blood loss or blood product
administration

Gallandat Huet
et al.21

HES 200/NS (n ¼ 29), HES 130/
NS (n ¼ 30)

Cardiac Greater blood loss in HES 200/NS group
No difference in blood product administration,
reoperation rate

Gan et al.8 HES 450/BS (n ¼ 60), HES 450/
NS (n ¼ 60)

Abdominal, gynecologic,
orthopedic, urologic

No difference in blood loss or blood product
administration

Gandhi et al.22 HES 670/BS (n ¼ 51), HES 130/
NS (n ¼ 49)

Orthopedic Similar volumes administered with some differences
in some measures of coagulation

Gold et al.9 HES 450/NS (n ¼ 20), 5%
albumin/NS (n ¼ 20)

Abdominal aortic
aneurysm

No difference in blood loss or blood product
administration

Haisch et al.1 HES 130/NS (n ¼ 21), gelatin/
NS (n ¼ 21)

Cardiac No difference in blood loss or blood product
administration

Haisch et al.3 HES 130/NS (n ¼ 21), gelatin/
NS (n ¼ 21)

Abdominal No difference in blood loss or blood product
administration

Huttner et al.6 HES 70/NS (n ¼ 20), HES 200/
NS (n ¼ 20), gelatin/NS (n ¼ 20)

Abdominal No difference in blood loss or blood product
administration

Kumle et al.4 HES 70/NS (n ¼ 20), HES 200/
NS (n ¼ 20), gelatin/NS (n ¼ 20)

Abdominal No difference in blood loss or blood product
administration

Lang et al.39 HES 130/NS (n ¼ 21), LR
(n ¼ 21)

Abdominal No difference in blood loss or blood product
administration

Langeron et al.14 HES 130/NS (n ¼ 52), HES 200/
NS (n ¼ 48)

Orthopedic More allogeneic blood administration in HES 200/
NS group

Marik et al.15 HES 450/NS (n ¼ 15), LR
(n ¼ 15)

Abdominal aortic
aneurysm

No difference in blood loss or blood product
administration

McFarlane &
Lee40

Plasmalyte 14 (n ¼ 15), 0.9%
NaCl (n ¼ 15)

Hepatobiliary, pancreatic No difference in blood loss or blood product
administration

Mortelmans
et al.5

HES 200/NS (n ¼ 21), gelatin/
NS (n ¼ 21)

Orthopedic Greater blood loss in HES 200/NS group, more
allogeneic blood administration in gelatin group

Petroni et al.10 HES 450/BS (n ¼ 14), 5%
albumin/BS (n ¼ 14)

Cardiac No difference in blood loss or blood product
administration

Prien et al.16 LR (n ¼ 6), 20% albumin/NS
(n ¼ 6), 10% HES/NS (n ¼ 6)

Hemipancreato-
duodenectomy

More blood administration in LR group

Scheingraber
et al.38

LR (n ¼ 12), 0.9% NaCl (n ¼ 12) Gynecologic No difference in blood loss

Van der Linden
et al.24

HES 130/NS (n ¼ 64), gelatin/
NS (n ¼ 68)

Cardiac surgery No difference in blood loss or blood product
administration

Virgilio et al.13 LR (n ¼ 14), 5% albumin/BS
(n ¼ 15)

Abdominal aortic surgery No difference in blood loss or blood product
administration

Vogt et al.11 HES 200/NS (n ¼ 20), 5%
albumin/NS (n ¼ 21)

Orthopedic No difference in blood loss or blood product
administration

Vogt et al.12 HES 200/NS (n ¼ 25), 5%
albumin/NS (n ¼ 25)

Urologic No difference in blood loss or blood product
administration

Waters et al.28 0.9% NaCl (n ¼ 33), LR (n ¼ 33) Abdominal aortic
aneurysm

More platelet administration and blood product
exposure in 0.9% NaCl group

Wilkes et al.31 HES 450/NS and NS (n ¼ 23),
HES 450/BS and LR (n ¼ 24)

Abdominal, orthopedic,
genitourinary, plastic
surgery

No difference in blood product administration

BS, balanced salt–based solution; HES, hydroxyethylstarch; LR, lactated Ringer’s; NS, 0.9% NaCl or normal saline–like solution.



Table 30-2 The Impact of Commonly Used Intravenous Fluids on Renal Function: Prospective,
Randomized Clinical Trials of the Intraoperative Administration of �1 L of Intravenous Fluid

Author Fluids Studied Type of Surgery Findings

Beyer et al.2 HES 200/NS (n ¼ 19), gelatin/
NS (n ¼ 22)

Orthopedic No difference in urine output, serum creatinine

Boldt et al.29 LR (n ¼ 21), 0.9% NaCl
(n ¼ 21)

Abdominal No difference in urine output

Boldt et al.37 HES 130 (n ¼ 25), 5% Albumin
(n ¼ 25)

Abdominal No difference in urine output or markers of renal injury

Boldt et al.35 HES 130/NS (n ¼ 25), 5%
Albumin (n ¼ 25)

Cardiac No difference in urine output or markers of renal injury
Increase in NGAL (marker of tubular ischemia) in albumin
group

Gallandat
Huet et al.21

HES 130/NS (n ¼ 30), HES
200/NS (n ¼ 29)

Cardiac No difference in urine output, serum creatinine

Gan et al.8 HES 450/BS (n ¼ 60), HES 450/
NS (n ¼ 60)

General, gynecologic,
orthopedic, urologic

No difference in urine output

Haisch et al.1 HES 130/NS (n ¼ 21), gelatin/
NS (n ¼ 21)

Cardiac No difference in urine output

Haisch et al.3 HES 130/NS (n ¼ 21), gelatin/
NS (n ¼ 21)

Abdominal No difference in urine output

Kumle et al.4 HES 70/NS (n ¼ 20), HES 200/
NS (n ¼ 20), gelatin/NS (n ¼
20)

Abdominal No difference in urine output, serum creatinine, creatinine
clearance, fractional excretion of sodium

Lang et al.39 HES 130/NS (n ¼ 21),
LR (n ¼ 21)

Abdominal Lower urine output in HES 130/NS group

Langeron
et al.14

HES 130/NS (n ¼ 52),
HES 200/NS (n ¼ 48)

Orthopedic No difference in urine output

Mahmood
et al.36

HES 200/NS (n ¼ 21), HES
130/NS (n ¼ 21), gelatin/NS (n
¼ 20)

Abdominal aortic
aneurysm

No difference in urine output
Less derangement in markers or glomerular and tubular
function with HES 200/NS and HES 130/NS

Mortelmans
et al.5

HES 200/NS (n ¼ 21), gelatin/
NS (n ¼ 21)

Orthopedic No difference in urine output

O’Malley
et al.42

LR (n ¼ 25), 0.9% NaCl
(n ¼ 26)

Kidney transplant
recipients

No difference in urine output, creatinine clearance, or
serum creatinine change
Less hyperkalemia and metabolic acidosis in LR-treated
patients

Scheingraber
et al.38

LR (n ¼ 12), 0.9% NaCl
(n ¼ 12)

Gynecologic No difference in urine output

Virgilio
et al.13

LR (n ¼ 14), 5% albumin/BS (n
¼ 15)

Abdominal aortic surgery Greater urine output in LR group on postoperative day 2

Vogt et al.11 HES 200/NS (n ¼ 20), 5%
albumin/NS (n ¼ 21)

Orthopedic No difference in urine output, creatinine clearance
Greater serum creatinine in 5% albumin/NS group 6 hours
postoperatively

Vogt et al.12 HES 200/NS (n ¼ 25), 5%
albumin/NS (n ¼ 25)

Urologic No difference in urine output, serum creatinine

Waters
et al.28

0.9% NaCl (n ¼ 33), LR
(n ¼ 33)

Abdominal aortic
aneurysm

Greater urine output in 0.9% NaCl group, no difference in
serum creatinine

Wilkes
et al.31

HES 450/NS and NS
(n ¼ 23), HES 450/BS and
LR (n ¼ 24)

Abdominal, orthopedic,
genitourinary, plastic
surgery

No difference in urine output

BS, balanced salt–based solution; HES, hydroxyethylstarch; LR, lactated Ringer’s; NS, 0.9% NaCl or normal saline–like solution.
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Several prospective, randomized studies have com-
pared the effects of normal saline–based and balanced
salt–based fluids and have observed greater urinary out-
put in patients treated with the balanced salt–type fluid
preparations.8,31,38 In a comparison of lactated Ringer’s
with HES 130/NS, urine output was lower in the HES
130/NS–treated group.39 Hyperchloremic metabolic aci-
dosis can occur with the administration of large volumes
of 0.9% NaCl and normal saline–based fluids.11,28,31,38-40

Hyperchloremia may cause renal vasoconstriction and
a decrease in glomerular filtration rate,41 which may
explain, in part, the mechanism for the putative normal
saline–induced changes in renal performance. Alterna-
tively, the metabolic acidosis itself may induce vasocon-
striction and redistribution of intrarenal blood flow with
subsequent effects on function.

Other investigators have not noted superior renal func-
tion following the administration of balanced salt fluids.
Intraoperative urine output was greater in patients who
received normal saline than in patients who were given
lactated Ringer’s solution during abdominal aortic aneu-
rysm repair.28 However, normal saline–treated patients
received a larger volume of fluid than patients in the
lactated Ringer’s group. In patients undergoing major
abdominal surgery, cumulative urine output measured
on the second postoperative day was greater in 0.9%
NaCl–treated patients than in lactated Ringer’s–treated
patients, although this difference did not reach statistical
significance.29 In both these studies normal saline–
treated patients received significant quantities of sodium
bicarbonate intraoperatively for treatment of hyperchlore-
mic metabolic acidosis, suggesting that the prevention or
treatment of hyperchloremic metabolic acidosis may have
negated the negative impact of normal saline on renal
function in some way.

The impact of fluid choice was studied in 51 patients
undergoing kidney transplantation.42 Patients were ran-
domized to receive either 0.9% NaCl or lactated Ringer’s
for intraoperative fluid resuscitation. Despite each group
receiving approximately 6 L of fluid on average, no statis-
tically significant differences were observed in any of the
reported measures of renal function, including urine out-
put, 24-hour creatinine clearance, and postoperative
change in serum creatinine. It is interesting to note that
eight (31%) of patients in the saline group versus zero
(0%) patients in the lactated Ringer’s group were treated
for metabolic acidosis. In addition, five (19%) of patients
in the saline group had potassium concentrations greater
than 6 mEq/L and were treated for hyperkalemia versus
zero in the lactated Ringer’s group. This small single-
center study alone does not justify a change in practice;
however, it does challenge the dogma that saline should
be administered to patients with renal failure.

The Impact of Intravenous Fluids on the
Gastrointestinal Tract

Splanchnic Perfusion

Considerable evidence supports the role of the gut in the
pathogenesis of the systemic inflammatory response syn-
drome and the multiple organ dysfunction syndrome after
major surgery. Two studies have explored the impact of
intraoperative fluid replacement on splanchnic perfusion
as manifested by gastric tonometric variables. Marik and
colleagues15 measured gastrointestinal pH using saline
tonometry in patients undergoing abdominal aortic aneu-
rysm repair. Patients who received HES 450/NS had
less splanchnic hypoperfusion, as reflected by a smaller
decrease in gastrointestinal pH (pHi), than patients who
were given lactated Ringer’s solution.15 The authors
suggested that HES somehow protected the gut mucosa
from ischemia. Proposed mechanisms included inhibition
of endothelial cell activation and limiting fluid extravasa-
tion through maintenance of plasma oncotic pressure or
augmentation of endothelial cell basement membrane.

Wilkes and colleagues31 utilized the newer and
easier technique of automated air gastric tonometry and
measured the gastric-arterial PCO2 difference (CO2 gap),
which is the most accurate reflection of splanchnic ische-
mia. Elderly surgical patients were randomized to receive
either a combination of HES 450/BS and lactated Ringer’s
or a combination of HES 450/NS and 0.9% NaCl for
intraoperative fluid replacement. In the group treated
with balanced salt–based fluids there was a smaller
intraoperative increase in CO2 gap, indicating that bal-
anced salt–based fluids are associated with superior
splanchnic perfusion than normal saline–based fluids.
It was postulated that impaired gut perfusion or hyper-
chloremia associated with normal saline–based prepara-
tions may have caused an impairment of splanchnic
perfusion in the patients who were administered 0.9%
NaCl and HES 450/NS. Of note, the poor splanchnic per-
fusion in patients treated with the normal saline–based
regimen may have been mediated by generalized vaso-
constriction (perhaps secondary to metabolic acidosis),
given that these patients also exhibited other evidence
of vasoconstriction, that is, lower urine flow rates and
lower peripheral-to-core temperature gradients (reflecting
peripheral vasoconstriction).

Gastrointestinal Tract Function

The administration of IV fluids during the perioperative
period results in a lower incidence of nausea, vomit-
ing, and antiemetic use after minor or day-case surgery.43-46

In noncardiac surgical patients the administration of
HES 450 (in a balanced salt–based or normal saline–based
solution) was associated with less edema, postoperative
nausea, vomiting, and antiemetic use than the adminis-
tration of lactated Ringer’s solution (Figure 30-1).47 The
intraoperative administration of a balanced salt–based
fluid regimen was associated with a lower incidence
of nausea and vomiting and antiemetic use in elderly
surgical patients than the administration of a normal
saline–based fluid regimen.31

Superior gut function in patients who receive HES for
intraoperative volume resuscitation might be explained by
the presence of less intestinal edema with the starch than
with crystalloids or albumin. More severe periorbital edema
was observed after the administration of lactated Ringer’s
than after intraoperative HES administration in patients
who underwent major abdominal surgery.47 It seems likely
that edema may also occur in the gastrointestinal tract and
that this may influence gut function in patients under-
going gastrointestinal and nongastrointestinal surgery.
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Indeed, more intestinal edema was seen in patients under-
going Whipple’s operation who received lactated Ringer’s
solution rather than HES 450/NS or 20% albumin/NS for
intraoperative fluid replacement.16

The Impact of Intravenous Fluids
on Postoperative Pain

Few studies have been designed that explore the impact of
IV fluid type on the severity of postoperative pain. How-
ever, just as edema may potentially influence gut function,
so peripheral or wound edema may affect the occurrence
of pain after surgery. Pain after noncardiac surgery was
more severe when lactated Ringer’s solution was used
for intraoperative fluid resuscitation rather than HES
450/NS or HES 450/BS.47

The Impact of Intravenous Fluids on
Central Nervous System Function

Studies of patients undergoing ambulatory surgery
have shown that perioperative IV fluid administration
decreases the incidence of dizziness, drowsiness, thirst,
and headache.44,46 It is also interesting to note that in a
randomized crossover study of healthy volunteers, subjec-
tive deterioration in mental status (lassitude and difficulty
in abstract thinking) was reported only by individuals
who received 0.9% NaCl and not by those who received
lactated Ringer’s solution.48 The possible effect of different
IV fluid preparations on central nervous system function
has not yet been explored in prospective, randomized
clinical studies of patients undergoing major surgical
procedures.

The Impact of Intravenous Fluids
on Pulmonary Function

The relative impact of crystalloids and colloids on pulmo-
nary function has been the subject of long-standing debate.
No difference in postoperative pulmonary function was
seen in cardiac surgery patients,21 orthopedic patients,11

or urologic surgery patients12 treated intraoperatively with
different colloids. In a number of studies in major surgical
patients that compared crystalloid (lactated Ringer’s) with
colloid (HES 130/NS,39 HES 450/NS,15 5% albumin/BS13),
no difference was seen in the incidence or duration of
mechanical ventilation or other indices of respiratory func-
tion. These studies suggest that the intraoperative adminis-
tration of crystalloids does not have a detrimental effect on
pulmonary function compared with the administration of
colloids. In contrast, Rittoo and colleagues49 randomized
40 patients undergoing elective infrarenal abdominal aortic
aneurysm surgery to receive either hydroxyethyl starch
(eloHAES 6%, Fresenius Kabi, Germany) or gelatin (Gelo-
fusine 4%, B. Braun, United Kingdom). Several indices of
pulmonary function (PaO2/FiO2 ratio, respiratory compli-
ance, lung injury score) were better in patients randomized
to hydroxyethyl starch.

The Impact of Intravenous Fluids on the
Inflammatory Response

Two recent studies have investigated the role of IV fluid
in modulating the inflammatory response in patients.37,50

In a randomized study of 40 patients receiving either
HES 200/NS or a gelatin solution during elective infra-
renal aortic aneurysm repair surgery, lower levels of
inflammatory markers (C-reactive protein, microalbumi-
nuria, plasma vWF) were observed in the HES-treated
group than with the gelatin-treated group after cross-
clamp removal. A similar picture was observed with 50
elderly patients undergoing elective major abdominal sur-
gery. These patients were randomized to either a human
albumin–based fluid regimen or an HES 130/NS–based
regimen. Plasma levels of C-reactive protein, interleukin-
6, soluble endothelial leukocyte adhesion molecule-1,
and soluble intercellular adhesion molecule-1 were lower
in the HES-treated group than the human albumin–
treated group. These data suggest that HES may mediate
the inflammatory response in major vascular and major
general surgery; however, these studies were too small
to detect any outcome differences, if any existed.

Other Effects of Intravenous Fluids

Hyperamylasemia is associated with the administration of
HES but not other fluid types.2,51 Amylasemia is caused
by HES through the formation of an HES-amylase com-
plex with consequent reduction in elimination of amylase
by the kidney. This effect is greater with HES 200/NS
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than with HES 130/NS in cardiac surgical patients21 and
in noncardiac surgical patients,14 consistent with the phar-
macokinetics of different HES preparations. Intraneural
deposition of HES has been purported to cause pruritus
after HES administration.52 Small retrospective studies,
in a number of patient populations, have reported a high
incidence of HES-induced pruritus.53-55 However, no
large epidemiologic studies examining this phenome-
non have been performed in patients undergoing major
surgery who have received large volumes of fluid. Inter-
estingly, the incidence of postoperative pruritus in a pro-
spective study of 750 surgical patients was similar (10%)
in patients who received 500 mL of HES 200/NS and in
patients who received 1000 mL of lactated Ringer’s.56

The most important potential adverse effect of IV fluids
is the occurrence of possibly life-threatening anaphylactic
or anaphylactoid reactions. The incidence of severe
anaphylactic reactions is 0.038% to 0.345% with gelatins,
0.0004% to 0.058% with HES administration, and 0.099%
in patients who receive albumin.57

The Impact of Intravenous Fluids on
Resource Utilization

Significant cost reduction (32% to 35%) has been shown
when HES was used for intraoperative fluid replacement
rather than 5% albumin.11,12 The clinical studies of IV
fluids during major surgery have not been designed to
demonstrate differences in outcomes such as intensive
care length of stay, hospital length of stay, or mortality
rate, and no demonstrable differences in these outcomes
have been associated with the administration of any type
of IV fluid.6,13,15,21,28
LANDMARK STUDIES IN INTENSIVE
CARE UNIT PATIENTS

The focus of this review is fluid choice in surgical patients;
therefore there is limited discussion of fluid management
in ICU patients. Two landmark studies are discussed
because of their impact.

The Saline versus Albumin Fluid Evaluation (SAFE)
study involved 6997 adult ICU patients at 16 hospitals
in Australia.58 Patients were randomized to either albu-
min (n ¼ 3497) or saline (n ¼ 3500). No differences were
observed in mortality rate, single organ failure, multiple
organ failure, ICU or hospital length of stay, days of
mechanical ventilation, or days of renal-replacement
therapy. One limitation of the study relates to the “small”
volumes of study fluid administered to each group
(approximately 2 to 3 L mean volume over 4 days). There-
fore it is clear that the choice of fluidmay not be critical with
smaller infused volumes; however, it is unclear whether
the same conclusions would have been reached with larger
volumes. In addition, neither of the fluids was a balanced
fluid, so the conclusions may only be representative of
the comparison of a saline crystalloid with a saline-like
colloid fluid. Interestingly, a post hoc subset analysis
of patients with traumatic brain injury (n ¼ 460) revealed
a higher mortality rate in albumin-treated patients (33.2%
versus 20.4%).59
The other landmark ICU study involved the compari-
son of two fluid management strategies in acute lung
injury.60 In this large U.S. multicenter trial conducted at
20 centers, 1001 patients with acute lung injury were ran-
domized to “conservative” versus “liberal” fluid manage-
ment for 7 days. The mean cumulative fluid balance was
�136 mL in the conservative group and þ6992 mL in the
liberal group. There was no difference in 60-day mortality
rate between groups. However, oxygenation index, lung
injury score, and ICU length of stay were better in patients
randomized to the conservative fluid group. These results,
while important in ICU patients, must be interpreted with
extreme caution in surgical patients. Patients with preex-
isting acute lung injury (as in this trial) are likely to have
capillary leak syndrome and be predisposed to the
adverse effects of liberal fluid management. This is not
necessarily the case in surgical patients, who may be at
greater risk of organ dysfunction from inadequate volume
resuscitation, and be at less risk for pulmonary edema.61

GUIDELINES

To our knowledge there are no published guidelines from
any professional society, consensus group, or federal
agency regarding the choice of IV fluid preparation for
administration during major surgery. Of note, several
authors refer to a dose limit of 20 mL/kg for HES prepara-
tions. In fact, manufacturer’s guidelines do not assert that
there is an upper limit to the volume of HES that should
be administered. The package insert states “doses of more
than 1500 mL per day for the typical 70 kg patient
(approximately 20 mL per kg of body weight) are usually
not required, although higher doses have been reported in
postoperative and trauma patients where severe blood
loss has occurred.” This may soon change given the find-
ings of a Food and Drug Administration (FDA) review
panel that recommended adding a warning statement to
the HES 450/NS label stating that excessive bleeding
may occur in cardiac surgical patients who receive HES
450/NS. The FDA panel did not recommend issuing such
a warning for HES 450/BS, apparently because of recent
evidence demonstrating differences in the effects of the
normal saline–based and balanced salt–based HES 450
preparations on coagulation, renal function, and other
clinical outcomes.

AREAS OF UNCERTAINTY

It is clear from this review that the evidence regarding the
impact of intraoperative IV fluid administration on post-
operative clinical outcome in patients undergoing major
surgery is limited. The principal constraint is the small
number of published studies large enough to detect signif-
icant differences in clinically relevant outcome measures.
There is an obvious need to conduct large, prospective,
randomized, clinical trials to further delineate the effect
of intraoperative fluid therapy on clinical outcomes. We
have delineated some specific interesting areas that war-
rant further investigation, such as the impact of IV fluids
on the gastrointestinal system and the central nervous
system.
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The data that are available raise several interesting
points. First, it is evident that fluids should no longer be
merely classified into crystalloids or colloids. The nature
of the solution (i.e., normal saline–based or balanced
salt–based fluid) has a bearing on the impact of the fluid
on various organ systems. Second, all colloids are not
the same. Various colloids, even when prepared in similar
solutions, may have different clinical effects. Third, the
impact on clinical outcome is dependent on the type of
surgery and the clinical condition of the patient. Last,
intriguing questions are raised as to the potential mechan-
isms by which clinical outcomes may be influenced by
intraoperative IV fluid administration. Is the putative nor-
mal saline–induced renal dysfunction observed in some
surgical patients mediated by a similar mechanism, possi-
bly vasoconstriction, as the decrease in splanchnic perfu-
sion observed in elderly surgical patients treated with
normal saline–based fluids?31
AUTHORS’ RECOMMENDATIONS

Does the choice of fluid matter in major surgery? Based on the
evidence presented here, we believe that the choice of fluid mat-
ters in major surgery, with the caveats stated earlier. Because no
single fluid or fluid type is superior in all ways to all others, it
may be that best practice involves the administration of combina-
tions of these fluids to attain maximum benefit while minimizing
possible adverse effects. HES 450 in normal saline appears to be
associated with more bleeding and blood product use than other
IV fluids. In patients at risk of bleeding, the intraoperative admin-
istration of HES 450/NS should be avoided where possible. This
view is supported by the findings of an FDA review panel, which
recommends the addition of a warning to the HES 450/NS label
stating the risk of bleeding associated with the intraoperative
administration of HES 450/NS during cardiac surgery. There is
a growing body of evidence that suggests that renal function is
adversely affected by 0.9% NaCl. Therefore it seems prudent to
avoid the use of large volumes of 0.9% NaCl and normal saline–
based fluids in patients who are at risk of renal dysfunction where
balanced salt–based fluid preparations are available. The results
of an ongoing, prospective, randomized blinded study comparing
the impact of intraoperative 0.9% NaCl and lactated Ringer’s on
renal function after renal transplantation are awaited.
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 What Works in a Patient with
Acute Respiratory Distress
Syndrome?

Michael G. Fitzsimons, MD, FCCP, and William E. Hurford, MD
INTRODUCTION

Acute respiratory distress syndrome (ARDS) is a phe-
nomenon often encountered by anesthesiologists in the
operating room and intensive care unit (ICU) settings. It
is also a feared complication of aspiration of gastric con-
tents. ARDS is a syndrome of pathologic changes, caused
by a variety of toxic and infectious agents, that evolve
over time from endothelial injury and alveolar consolida-
tion to fibroblast proliferation and collagen deposition.1

In 1994, the American-European Consensus Conference
on ARDS (AECC) defined ARDS to include bilateral infil-
trates on chest radiograph consistent with pulmonary
edema; PaO2/FiO2 ratio of less than 200 mm Hg (PaO2/
FiO2 ratio less than 300 mm Hg defined acute lung
injury); and a pulmonary artery occlusion pressure less
than or equal to 18 mm Hg, or no evidence of left atrial
hypertension.2 Many mediators have been implicated
in its pathophysiology, including complement, cytokines,
oxygen radicals, arachidonic acid products, nitric oxide,
and proteases. Multiple insults incite the syndrome. Direct
causes are those that directly injure the lung, such as
aspiration, pneumonia, pulmonary contusion, thermal
inhalation, amniotic fluid embolism, and particle inhalation.
Indirect causes injure the lung via mediator release and
include pancreatitis, sepsis, and bacteremia. The presence
of multiple insults increases the risk of ARDS.

The true incidence and mortality rates of ARDS
remain somewhat unclear because many studies com-
pleted before the AECC did not use a standard defini-
tion. A study at Harborview Medical Center in Seattle,
Washington, reported an incidence of ARDS of 12.6 per
100,000 per year and an incidence of 18.9 per 100,000 per
year for acute lung injury (ALI).3 The hospital mortality
rate has been reported between 40% and 60% in most
studies but has decreased over the past three decades.4

An older age, higher APACHE score, transfusion of blood
cells, and the use of steroids before the development of
ARDS predict a higher mortality risk.5

OPTIONS

Therapeutic interventions either have been directed at a
specific phase of the syndrome, or are more general and
supportive in nature. Most deaths associated with ARDS
are caused by sepsis, rarely from the inability to provide
adequate ventilatory support.4 Here we will discuss the
evidence supporting or dismissing certain ventilatory
strategies, including low lung volumes, positioning, and
oxygenation; antiinflammatory therapies such as cortico-
steroid administration; hemodynamic management; and
other supportive techniques.

Evidence for Lower Tidal Volume
Ventilation in ARDS

Traditional ventilatory strategy in ARDS included the use
of tidal volumes in the 10 to 15 mL/kg range in an effort
to normalize PaCO2 and pH. This mode of ventilation
has been implicated as contributing to additional lung
injury and multisystem organ failure.6 The repetitive
opening and closing of recruitable alveoli with traditional
ventilation may alter endothelial permeability, increase
edema, and release inflammatory mediators that may con-
tribute to extrapulmonary organ failure and worsened
outcome.

Amato and colleagues7 randomized 53 patients from
December 1990 to July 1995 with ARDS to either a con-
ventional or protective mechanical ventilation strategy.
The mortality rate at 28 days was 38% in the protective
strategy group and 71% in the conventional mechanical
ventilation group. They also found a lower incidence of
barotrauma in the protective-ventilation group. The rate
of survival to hospital discharge was not different
between the groups. The National Heart, Lung, and Blood
Institute Acute Respiratory Distress Clinical Trials Net-
work (ARDS Net) studied patients at 10 university centers
between 1996 and 1998.8 Eight-hundred sixty-one patients
were enrolled and equally randomized to either tradi-
tional (initial tidal volume 12 mL/kg ideal body weight
[IBW]) or low tidal volume ventilation (6 mL/kg tidal
volume). Mortality rate at 28 days was reduced from
40% to 30%, death rate before hospital discharge was
reduced, ventilator-free days were higher, and the num-
ber of days without failure of nonpulmonary organs or
systems was increased. Interleukin-6 levels were lower,
possibly indicating less lung inflammation. Kallet and
colleagues9 applied the ARDS network protocol to 292
patients with acute lung injury of ARDS and found an
overall mortality rate of 32%when comparedwith historical
controls (51%).
201
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Permissive hypercapnia is the elevation of PaCO2 to
levels above normal in the setting of tidal volume limita-
tion. It is a consequence of ventilation management strate-
gies that permit lower minute volumes in an attempt to
reduce ventilator-induced lung injury and generally
appears to be well tolerated.10 Additional work is needed
to determine whether permissive hypercapnia is detri-
mental or perhaps even beneficial.

The ARDS Net compared high levels of positive end-
expiratory pressure (PEEP) to lower levels in patients with
early ARDS while maintaining a plateau pressure less
than 30 mm Hg in both groups. The hypothesis of the
study was that higher levels of PEEP would improve oxy-
genation and decrease ventilator-induced lung injury.11

No benefit was noted in terms of overall mortality rate,
ventilator-free days, ICU-free days, or organ-failure–free
days. The conclusion further supported the finding that
ventilation with lower tidal volumes and inspiratory pres-
sures improved outcome, and that increasing PEEP levels
further added little benefit.

Overall, current evidence supports ventilation strate-
gies that include lower tidal volumes (approximately
6 mL/kg IBW), lower plateau airway pressures (less than
30 cm H2O), and higher levels of PEEP to maintain alveo-
lar recruitment even at the expense of elevated PaCO2 and
decreased pH. Increasing PEEP beyond the recommended
levels does not appear to improve outcome (Table 31-1).

Evidence for Additional Respiratory
Strategies in ARDS

Multiple other strategies have been suggested as adjuvants
to traditional ventilation, including prone positioning,
inhaled nitric oxide (iNO), extracorporeal membranous
oxygenation (ECMO), recruitment maneuvers, and nonin-
vasive positive pressure ventilation (NIPPV).

Prone and vertical positioning often improve oxyge-
nation.12,13 The improvement with prone positioning is
believed to result from a more uniform distribution of
tidal volume and an improvement in ventilation-perfu-
sion matching. The issue is whether a temporary improve-
ment in oxygenation from prone positioning improves
overall outcome. Gattinoni and colleagues14 randomized
304 patients with acute respiratory failure to either inter-
mittent prone positioning or continual supine positioning.
The PaO2 measured each morning was higher in the prone
position patients, but no survival benefit was observed at
10 days, at ICU discharge, or after 6 months’ follow-up.
Although their study indicated that prone positioning can
be done safely, the authors cautioned that routine use of
the prone position in patients with acute respiratory failure
was not justified.14

Vertical positioning involves raising the head 45
degrees and lowering the legs by 45 degrees. The PaO2

increases significantly in a high number of patients and
is likely caused by a time-dependent increase in lung vol-
ume, suggestive of alveolar recruitment.13

iNO has been suggested as an adjunctive therapy for
ARDS because of its ability to improve the intrapulmon-
ary right-to-left shunting characteristic of ARDS and
decrease pulmonary artery pressure. Multiple trials of
iNO have been performed in patients with ARDS; most
show a transient but short-lasting improvement in PaO2

without any outcome benefit.15-19

ECMO accompanied by a limited ventilation strategy
has been reported as a possible therapeutic modality in
severe ARDS.20 Zapol and colleagues21 randomized 90
patients to either conventional ventilation or partial
veno-arterial bypass. They reported no survival benefit,
but did document that ECMO could support respiratory
gas exchange in patients with severe acute respiratory fail-
ure.21 An uncontrolled trial by Gattinoni and colleagues22

reported improved survival in those patients receiving
ECMO.22 A subsequent randomized trial performed by
Morris and colleagues,23 however, failed to show any
benefit. ECMO is complicated, labor intensive, not widely
available, and of questionable benefit. Its routine use can-
not be justified in ARDS, but highly selected patients
might be candidates. The results of a large randomized
clinical trial may finally resolve this issue.24

NIPPV has many benefits compared with traditional
intubation for the management of respiratory insuffi-
ciency. Benefits include a lower incidence of nosocomial
pneumonia, lower intubation rates, less sinusitis, and
easier communication with the patient. It is also an alter-
native for patients who refuse intubation. Disadvantages
include increased nursing time, poor airway protection,
inability to deliver high levels of PEEP, and difficulty with
implementation in the combative or delirious patient.
Declaux and colleagues25 randomized 123 patients (102
with acute lung injury and 21 with cardiac disease) with
acute hypoxemic respiratory failure to either continuous
positive airway pressure (CPAP) or standard oxygen ther-
apy. They found that subjective responses to treatment
were greater with CPAP, but there was no reduction
in intubation rate, ICU length of stay, or hospital mor-
tality rate.25 Antonelli and colleagues26 studied NIPPV
in patients with ARDS and found that early implementa-
tion may avoid intubation in up to 54% of the patients.
Patients with a higher Simplified Acute Physiology Score
(SAPS) and a failure to improve PaO2/FiO2 ratio within
an hour were more likely to fail the trial and require intu-
bation. Since ARDS is rarely a short-term problem and
rarely a single-organ abnormality, it is difficult to recom-
mend NIPPV as a first step in all patients with ARDS,
but it may be a viable option in selected patients or when
intubation is not desirable.

High-frequency oscillatory ventilation (HFOV) has been
suggested as a possible management strategy in ARDS.
The advantages of HFOV are lower tidal volumes and
higher mean airway pressure for a given peak pressure,
minimizing the risk of overdistention and maintaining
end-expiratory lung volume and alveolar recruitment.
HFOV has been reported to improve clinical outcome in
premature infants with respiratory distress syndrome com-
pared with conventional ventilation.27,28 In adult patients,
Carlon and colleagues29 randomized 309 patients to either
volume-cycled ventilation (VCV) or high-frequency jet
ventilation (HFJV). They found that VCV provided a
slightly improved PaO2 at equivalent PEEP, but on
HFJV, oxygenation and ventilation were maintained with
lower peak inspiratory pressures and smaller tidal volumes.



Table 31-1 Ventilator/ECMO/iNO Trials

Parameter
Study
(Year) Type Results Outcomes

Extracorporeal
membranous
oxygenation
(ECMO)

Zapol
(1979)21

Randomized ECMO can support respiratory gas exchange No difference in survival

High-frequency
jet ventilation
(HFJV)

Carlton
(1983)29

Randomized Oxygenation, ventilation maintained at lower
peak pressure and TV on HFJV

No difference in survival of ICU stay

ECMO Morris
(1994)23

Randomized Survival similar in both groups Extracorporeal support not
recommended in ARDS

High-frequency
oscillatory
ventilation
(HFOV)

Fort
(1997)30

Prospective,
clinical

Improvement in PaO2/FiO2 ratio, no change in
cardiac output, O2 delivery

HFOV is safe and effective,
additional studies needed

Protective
ventilation vs.
conventional
ventilation

Amato
(1998)7

Randomized 28-day mortality rate 38% (protective) vs. 71%
(conventional), less barotrauma

No difference in survival to
discharge

Inhaled nitric
oxide (iNO)

Dellinger
(1998)17

Randomized,
double-blind,
placebo-
controlled

Improvement in oxygenation after 4 hours and
at 4 days

No improvement in mortality rate

iNO Michael
(1998)16

Randomized PaO2/FiO2 improved at 1 hour, 12 hours, 24
hours

Benefits do not persist, no survival
benefit

iNO Trouncy
(1998)15

Randomized Oxygenation improved in first 24 hours No benefit after 24 hours, similar
mortality rate

Lower tidal
volume vs.
traditional tidal
volume

ARDS
Network
(2000)8

Randomized 28-day mortality rate 30%, higher ventilator-
free days, lower IL-6, death before hospital
discharge reduced

Mortality rate reduced, but long-
term benefits need to be studied

Continuous
positive airway
pressure (CPAP)

Delclaux
(2000)25

Randomized,
concealed,
unblinded

Subjective response to CPAP greater than
standard O2

No difference in intubation rate,
mortality, ICU stay

Prone position Gattinoni
(2001)14

Randomized Increased PaO2/FiO2, similar complication
rate

No improvement in survival

Recruitment
maneuvers

Oczenski
(2004)34

Randomized Recruitment maneuvers improved PaO2/FiO2

ratio
Benefits of recruitment did not
persist beyond 30 minutes

High vs. lower
PEEP

ARDS
Network
(2004)11

Randomized PaO2/FiO2 was higher in the “high PEEP”
group

No significant difference in mortality
rate, ventilator-free days, or organ-
failure-free days

Lower tidal
volume
ventilation

Kallet
(2005)2

Retrospective,
uncontrolled

Mortality rate lower in ARDS patients subject
to ARDS Network protocol (32% vs. 51%)

Adoption of ARDS Network protocol
for ALI/ARDS reduced mortality
rate compared with historical
controls

Lung
recruitment

Gattinoni
(2006)33

Observational
study

Percentage of recruitable lung varied among
patients On average 24% of the lung could not
be recruited Patients with a lower respiratory-
system compliance, higher PaCO2, and lower
PaO2:FiO2 at the beginning demonstrated
more recruitability

This observational trial did not
address outcome

Inhaled nitric
oxide (iNO)

Angus
(2006)19

Randomized Hospital costs, length of stay, were similar in
the iNO group

No difference in survival at 1 year

iNO Adhikari
(2007)18

Meta-analysis iNO may increase oxygenation until up to 4
days

No overall mortality rate benefit
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There was no improvement in overall survival or ICU
length of stay.29 Fort and colleagues30 performed a prospec-
tive clinical study in 1997 on 17 patients with ARDS. They
reported that 13 of 17 had an improvement in their PaO2/
FiO2 ratio, without decrements in blood pressure, cardiac
output, or oxygen delivery.30 A large randomized controlled
trial is needed to assess the benefits of HFOV.

Lung collapse is a major contributing factor to the hyp-
oxemia of acute lung injury and ARDS. The repeated
cyclic opening and closure of individual alveoli contri-
butes to ventilator-associated lung injury. Recruitment
maneuvers involve the application of high levels of PEEP
and have been demonstrated in early lung injury and
ARDS to reverse hypoxemia.31 The ability to recruit
alveoli has been demonstrated in ARDS caused by both
primary pulmonary and secondary pulmonary causes.32

The percentage of lung tissue that can be “recruited”
varies among individual patients, but may sometimes
actually be greater in those with more severe lung
injury.33 Unfortunately these maneuvers generally do
not result in a sustained improvement in oxygenation.34

Complications associated with recruitment may include
barotrauma and hemodynamic compromise. No study
has yet effectively demonstrated long-term benefits attrib-
uted to a particular recruitment strategy (Table 31-2).
Table 31-2 Pharmacologic/Steroid Trials

Parameter
Study
(Year) Type Results

Prostaglandin
E1 (PGE1)

Bone
(1989)38

Randomized,
double-blind

PGE1 increased heart
cardiac output

Corticosteroids Meduri
(1991)54

Prospective
clinical

Improvement in lung
improvement in PaO

Corticosteroids Meduri
(1994)55

Prospective
clinical

Improved lung injur
improved chest x-ray

Aerosolized
surfactant

Anzueto
(1996)40

Randomized,
placebo-
controlled

No improvement, ox
mechanical ventilatio

Corticosteroids Meduri
(1998)56

Randomized,
double-blind,
placebo-
controlled

Lung injury score im
improved, MODS sc
rate 12% vs. 62% (co

Ketoconazole ARDS
Network
(2000)39

Randomized,
placebo-
controlled

No differences in org
adverse events, or pu

Lisophylline ARDS
Network
(2002)38

Randomized,
double-blind,
placebo-
controlled

No difference in org
days, or infections

Corticosteroids ARDS
Network
(2006)57

Randomized Mortality rate 28.6%
in treated group High
and shock-free days

Corticosteroids Meduri
(2007)53

Randomized,
controlled

Mortality rate reduce
(20.6% vs. 42.9%) Du
ventilation and infec
Evidence for Pharmacologic Strategies
in ARDS

The pharmacologic interventions that have been tested in
ARDS generally are directed at blocking the inflammatory
mediators released after the inciting event has occurred.
Interventions have included cytokine blockers, monoclo-
nal antibodies against endotoxins or interleukins, antioxi-
dants, activated protein C, nonsteroidal antiinflammatory
drugs, and prostanoids.35

Although many of these interventions have shown
benefit in initial trials and some animal studies, few
benefits have been realized in human trials. Studies of
prostaglandin E1,

36 procysteine,37 lisophylline,38 and keto-
conazole39 have not shown a survival benefit.

Reduced surfactant production and function leads to
increased surface tension, alveolar collapse, and decreased
parenchyma compliance. Airway pressures needed to
open these alveoli are exceedingly high. Anzueto and col-
leagues40 studied the efficacy of artificial aerosolized sur-
factant in ARDS patients. They found no improvement
in oxygenation, ventilation, or mortality rate.40 Work
continues on improved techniques of surfactant adminis-
tration; however, it is unclear whether its pulmonary
effects would be sufficient to alter clinical outcome41 (see
Table 31-2).
Outcomes

rate, stroke volume, and PGE1 did not increase survival

injury score,

2/FiO2

Larger randomized-controlled trial
needed

y score, decreased PEEP, Larger randomized-controlled trial
needed

ygenation, duration of
n, or survival

Aerosolized surfactant not beneficial in
ARDS

proved, PaO2/FiO2

ore improved, mortality
ntrol)

Survival improved with
methylprednisolone ARDS Network
performing larger trial

an-failure free days,
lmonary function

Ketoconazole did not reduce mortality
rate or improve outcome

an failure, ventilator-free Lisophylline did not improve mortality
rate

in placebo group, 29.2%
er number of ventilator-
in treated group

No improvement in overall mortality
rate, possibly higher mortality rate in
patients who had steroids started later

d in treated patients
ration of mechanical
tions reduced

Mortality rate reduced
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Evidence for Hemodynamic Manipulation

The goals of hemodynamic management in ARDS are still
an area of controversy. The ARDS Net has addressed the
benefits of pulmonary versus central venous catheters
and “conservative” versus “liberal” fluid management
strategies in its Fluid and Catheter Treatment Trial
(FACTT).

The Pulmonary Artery Catheter Consensus Conference
in 1997 noted that there was inadequate evidence from
existing clinical trials and case series to definitively deter-
mine benefit or harm from pulmonary artery catheter
(PAC) use in patients with respiratory failure.42 The bene-
fits of PACs were evaluated in 100 patients with acute lung
injury through the ARDS Net.43 Compared to patients
managed with a central venous catheter, no difference in
lung or renal function, incidence of hypotension, ventilator
settings, dialysis rate, or use of vasopressors was noted.
Survival was not improved at 60 days. The incidence of
complications related to catheterization was higher in the
PAC group, particularly concerning ventricular and atrial
arrhythmias. The routine use of a PAC for management
of patients with ARDS to improve organ function and
survival cannot be recommended.

It is clear that the increased permeability is responsible
for the accumulation of alveolar fluid in ARDS. This accu-
mulation occurs at lower pulmonary capillary wedge
pressures than normal. It has been argued that diuresis
Table 31-3 Nutrition, Position, Sedation, Monitoring,

Parameter
Study
(Year) Type Resu

Enteral feeding with
specific nutrients and
antioxidants

Gadek
(1999)49

Prospective,
multicenter,
double-blind,
randomized
controlled trial

Dece
alveo
oxyg
supp
lowe
failu

“Sedation vacation” in
ventilated patients (not
ARDS)

Kress
(2000)46

Randomized
control

Decr
mech
days
9.9 d

Prone position Gattinoni
(2001)14

Randomized Incre
comp

Ventilator bundles in
ventilated patients

Resar
(2005)50

Historical control 44.5%
pneu

Vertical positioning Richard
(2006)13

Prospective
observational
physiologic study

Verti
impr

Conservative vs. liberal
fluid management trials

ARDS
Network
(2006)45

Randomized Patie
man
impr
venti
of da

Pulmonary artery vs.
central venous catheter to
guide treatment of acute
lung injury (FACTT)

ARDS
Network
(2006)43

Randomized No s
renal
dialy
and fluid restriction may benefit the ARDS patient by lim-
iting or preventing edema. Mitchell and colleagues44

studied patients with ARDS who had PACs in place.
Those with lower extravascular lung water had shorter
periods of mechanical ventilation and shorter ICU stays,
but mortality rate was not different.44 It is unclear, how-
ever, whether overly aggressive fluid restriction may
worsen extrapulmonary organ failure. The FACTT trial
compared “liberal” versus “conservative” fluid manage-
ment strategies.45 Patients randomized to the “conser-
vative” arm of the clinical trial received nearly 7 L less
fluid in the first 7 days of the study. Benefits were noted
in oxygenation, lung injury score, and ventilator-free days
without an increase in organ failure or need for dialysis.
No difference was noted in 60-day mortality rate. Accord-
ingly, current evidence suggests that clinicians observe a
more conservative management strategy for patients with
ARDS (Table 31-3).

Evidence for Supportive and Preventive Care

The systemic manifestations of ARDS must not be
neglected. Sedation must balance patient comfort and
the ability to assess neurologic status. Nutritional needs
must be met. Secondary injury to skin and other tissue
must be avoided.

Complications of sedation include hypotension, slow
ventilator wean, and the inability to assess neurologic
and Fluid Bundle Trials

lts Outcomes

ased number of neutrophils in
lar tissue, improvement in
enation, fewer days of ventilator
ort, decreased length of ICU stay,
r rate of development of new organ
re

No significant difference in
mortality rate

eased median duration of
anical ventilation (4.9 days vs. 7.3
) and duration of ICU stay (6.4 vs.
ays)

No difference in in-hospital
mortality rate

ased PaO2/FiO2, similar
lication rate

No improvement in
survival

reduction in ventilator-associated
monia in intubated patients

Increased adherence to
ventilator bundle

cal positioning significantly
oved PaO2 and lung recruitment.

Study was not designed to
compare outcomes

nts treated with a conservative fluid
agement protocol demonstrated
oved oxygenation, increased
lator-free days, and greater number
ys out of the intensive care unit

No difference in overall 60-
day outcome

ignificant difference in pulmonary or
function, rate of hypotension,
sis, or use of vasopressors

The PAC did not improve
clinical outcome and
patients had a higher
number of complications
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status. Complications of the addition of neuromuscular
blocking agents include worsening of critical care myopa-
thy. Although no specific sedation technique is clearly
superior to another, daily interruption of sedative infu-
sions (stopping an infusion until the patient is awake
and then restarting the drug, commonly called a “sedation
vacation”) has been reported to decrease the duration
of mechanical ventilation and length of stay in the
ICU.46 It is recommended that protocols be developed
for the sedation of ICU patients requiring mechanical ven-
tilation that address pain control, comfort, and patient
safety.

Patients commonly do not receive adequate nutrition
in both medical and surgical ICUs.47 Fortunately, nutri-
tional support protocols increase the proportion of
patients adequately fed.48 Gadek and colleagues49 demon-
strated that enteral feeding with certain nutrients and
antioxidants improved gas exchange, lowered the require-
ment for mechanical ventilation, decreased the length of
ICU stay, and reduced the incidence of new organ failure.
It is recommended that units implement protocols for the
early implementation of enteral feeding in patients with
ARDS.

The implementation of a small set of evidence-based
interventions referred to as “ventilator bundles” may
decease the incidence of complications common in patients
receiving mechanical ventilation. These include peptic
ulcer disease prophylaxis, deep venous thrombosis (DVT)
prophylaxis, elevation of the head of the bed, and a daily
interruption of sedative infusions. Implementation of such
bundles has been reported to decrease the incidence of
ventilator-associated pneumonia50 (see Table 31-3).
AREAS OF CONTROVERSY

Corticosteroids remain a major area of controversy in the
management of both early and late ARDS. Early studies
failed to show any benefit from the use of corticosteroids
in early ARDS.51,52 A more recent randomized, double-
blind, placebo-controlled trial showed a reduction in
mechanical ventilation, ICU stay, and ICU mortality
rate in patients receiving methylprednisolone.53 It has
been postulated that corticosteroids may inhibit release
of proinflammatory or profibrotic cytokines and reduce
collagen deposition and fibrosis in the injured lung.
Meduri and colleagues54 initially studied eight patients
with ARDS without an obvious site of infection. Methyl-
prednisolone was administered as a bolus of 2 mg/kg
followed by 2 to 3 mg/kg/day divided in every-6-hour
dosing. Six of the eight patients survived to discharge
and had lower lung injury scales.54 A small follow-up
study also suggested a survival benefit in those patients
treated with steroids.55,56 The ARDS Net performed a
large trial evaluating the effectiveness of methylpredniso-
lone in persistent ARDS.57 Steroids were initiated 7 to 28
days after the onset of ARDS. Despite improvements in
respiratory-system compliance, blood pressure, and venti-
lator-free days, there was no improvement in overall mor-
tality rate. Indeed, mortality rate at 60 and 180 days was
significantly higher in the group receiving steroids com-
pared with the group receiving placebo. Some potential
benefit has been shown when steroids are administered
to patients with septic shock and adrenal insufficiency,58

or with sepsis syndrome and adrenal insufficiency asso-
ciated with ARDS.59 Overall, however, corticosteroid
treatment of ARDS remains controversial at best and
may be harmful (see Table 31-2).
AUTHORS’ RECOMMENDATIONS

The diagnosis of ARDS should be established. An acute onset of
respiratory failure, PaO2/FiO2 �200 mm Hg (300 mm Hg for
acute lung injury), bilateral patchy infiltrates on chest radiograph,
and no evidence of a cardiogenic etiology of pulmonary edema
defines the syndrome.

The original insult responsible for inciting ARDS must be
identified and treated. Pneumonia, sepsis, and bacteremia must
be treated with antibiotics and surgical drainage when indicated.
Further injury must be prevented.

Close monitoring of fluid balance is imperative. The adminis-
tration of excessive amounts of fluid in attempts to maintain
hemodynamic stability imparts no clear outcome benefit. A “con-
servative” strategy to fluid management may shorten the dura-
tion of intubation without contributing to nonpulmonary organ
failure.45

The adoption of sedation protocols that include a daily “seda-
tion vacation” reduces the duration of mechanical ventilation and
allows assessment of neurologic status.

Protocols established for the early initiation of enteral nutri-
tion decrease the rate of underfeeding.

The integration of “ventilator bundles” that routinely provide
prophylaxis for peptic ulcer disease and DVT and require eleva-
tion of the head of the bed decreases the incidence of ventilator-
associated pneumonia.

Mechanical ventilation according to the protocols published
by the National Institutes of Health ARDS Clinical Network is
recommended.60 This protocol has become the “gold standard”
against which methods of management of ARDS can be tested
(Table 31-4).



Table 31-4 ARDS Clinical Network Mechanical Ventilation Protocol Summary

INCLUSION CRITERIA: Acute onset of:

1. PaO2/FiO2 �300 (corrected for altitude)
2. Bilateral (patchy, diffuse, or homogeneous) infiltrates consistent with pulmonary edema
3. No clinical evidence of left atrial hypertension

PART I: VENTILATOR SETUP AND ADJUSTMENT

1. Calculate predicted body weight (PBW)
Males ¼ 50 þ 2.3 [height (inches) - 60]
Females ¼ 45.5 þ 2.3 [height (inches) - 60]
2. Select Assist Control Mode
3. Set initial TV to 8 ml/kg PBW
4. Reduce TV by 1 ml/kg at intervals �2 hours until TV ¼ 6 ml/kg PBW.
5. Set initial rate to approximate baseline VE (not >35 beats/min).
6. Adjust TV and RR to achieve pH and plateau pressure goals below.
7. Set inspiratory flow rate above patient demand (usually >80 L/min)

Oxygenation Goal: PaO2 55-80 mm Hg or SpO2 88%-95%

Use incremental FiO2/PEEP combinations below to achieve goal. Higher PEEP options (lower row)
will decrease FiO2 and may be preferred in patients with high FiO2 who can tolerate higher PEEP
(stable blood pressure, no barotrauma). Survival is similar with both PEEP approaches.

Fio2 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7

PEEP 5
12-14

5
14

8
16

8
16

10
18-20

10
20

10
20

12
20

Fio2 0.7 0.8 0.9 0.9 0.9 1.0 1.0 1.0

PEEP 14
20

14
20-22

14
22

16
22

18
22

20
22

22
22

24
24

Plateau Pressure Goal: �30 cm H2O

Check Pplat (0.5 second inspiratory pause), SpO2, Total RR, TV and pH (if available) at least
every 4 hours and after each change in PEEP or TV.
If Pplat >30 cm H2O: decrease TV by 1 mL/kg steps (minimum ¼ 4 mL/kg).
If Pplat <25 cm H2O: TV <6 mL/kg, increase TV by 1 ml/kg until Pplat >25 cm H2O or TV ¼ 6 mL/kg.
If Pplat <30 and breath stacking occurs: may increase TV in 1 mL/kg increments (maximum ¼ 8 mL/kg).
pH GOAL: 7.30-7.45

Acidosis Management: (pH <7.30)

If pH 7.15-7.30: Increase RR until pH >7.30 or PaCO2 <25 (maximum RR ¼ 35).
If RR ¼ 35 and PaCO2 <25, may give NaHCO3.
If pH <7.15: Increase RR to 35.
If pH remains <7.15 and NaHCO3 considered or infused, TV may be increased in 1 mL/kg steps until pH >7.15
(Pplat target may be exceeded).
Alkalosis Management: (pH >7.45) Decrease vent rate if possible.
I:E RATIO GOAL: 1:1.0 - 1:3 Adjust flow rate to achieve goal. If FiO2 ¼ 1.0 and PEEP ¼ 24 cm H2O, may adjust I:E to 1:1.

PART II: WEANING

A. Conduct a CPAP Trial daily when:

1. FiO2 �0.40 and PEEP �8 or, if using the higher PEEP scale and FiO2 �0.3 and PEEP 12-14,
slowly reduce PEEP to 8 and increase FiO2 to 0.4 for 30 min.

2. PEEP and FiO2 �values of previous day
3. Patient has acceptable spontaneous breathing efforts. (May decrease vent rate by 50% for 5 minutes to detect effort.)
4. Systolic BP �90 mm Hg without vasopressor support.

CONDUCTING THE TRIAL:

Set CPAP ¼ 5 cm H2O, FiO2 ¼ 0.50
If RR �35 for 5 min: advance to Pressure Support Weaning below:
If RR >35 in <5 min: may repeat trial after appropriate intervention (e.g., suctioning, analgesia, anxiolysis)
If CPAP trial not tolerated: return to previous A/C settings

(Continued)
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Table 31-4 ARDS Clinical Network Mechanical Ventilation Protocol Summary—Cont’d

B. PRESSURE SUPPORT (PS) WEANING PROCEDURE

1. Set PEEP ¼ 5, and FiO2 ¼ 0.50
2. Set initial PS based on RR during CPAP trial:

a. If CPAP RR <25: set PS ¼ 5 cm H2O and go to step 3d.
b. If CPAP RR ¼ 25-35: set PS ¼20 cm H2O then reduce by 5 cm H2O at �5-minute intervals until RR ¼ 26-35 then go to step 3a.
c. If initial PS not tolerated: return to previous A/C settings.

3. REDUCING PS: (No reductions made after 1700 hours)
a. Reduce PS by 5 cm H2O q1-3h
b. If PS �10 cm H2O not tolerated, return to previous A/C settings (Reinitiate last tolerated PS level next AM and go to step 3a)
c. If PS ¼ 5 cm H2O not tolerated, return to PS ¼ 10 cm H2O. If tolerated, 5 or 10 cm H2O may be used overnight with further attempts at

weaning the next morning
d. If PS ¼ 5 cm H2O tolerated for �2 hours assess for ability to sustain unassisted breathing below.

C. UNASSISTED BREATHING TRIAL:

1. Place on T-piece, trach collar, or CPAP �5 cm H2O
2. Assess for tolerance as below for 2 hours.

a. SpO2 �90: and/or PaO2 �60 mm Hg
b. Spontaneous TV �4 mL/kg PBW
c. RR �35/min
d. pH �7.3
e. No respiratory distress (distress¼ 2 or more)

l HR >120% of baseline
l Marked accessory muscle use
l Abdominal paradox
l Diaphoresis
l Marked dyspnea

3. If tolerated consider extubation.
4. If not tolerated resume PS 5 cm H2O.

Reproduced with permission from ARDS Network, http://www.ardsnet.org

208 Section III PERIOPERATIVE MANAGEMENT
REFERENCES

1. Bigatello LM, Zapol WM: New approaches to acute lung injury.
Br J Anaesth 1996;77:99-109.

2. Bernard GR, Artigas A, Brigham KL Carlet J, et al: The American-
European Consensus Conference on ARDS: Definitions, mechan-
isms, relevant outcomes, and clinical trial coordination. Am
J Respir Crit Care Med 1994;149:818-824; J Crit Care 1994;9:72-81;
Intensive Care Med 1994;20:225-232.

3. Hudson LD, Steinberg KP: Epidemiology of acute lung injury
and ARDS. Chest 1999;116:74S-82S.

4. Stapleton RD, Wang BM, Hudson LD, Rubenfeld GD, Caldwell
ES, Steinberg KP: Causes and timing of deaths in patients with
ARDS. Chest 2005;128:525-532.

5. Gong MN, Thompson BT, Williams P, Pothier L, Boyce PD,
Christiani DC: Clinical predictors of and mortality in acute respi-
ratory distress syndrome: Potential role of red cell transfusion.
Crit Care Med 2005;33:1191-1198.

6. Slutsky AS, Tremblay LN: Multiple system organ failure, is
mechanical ventilation a contributing factor? Am J Respir Crit Care
Med 1998;157:1721-1725.

7. Amato MB, Barbas CSV, Medieros DM, Magaldi RB: Effect of
protective-ventilation strategy on the mortality in the acute respi-
ratory distress syndrome. N Engl J Med 1998;338:347-354.

8. Acute Respiratory Distress Syndrome Network: Ventilation with
lower tidal volumes as compared with traditional tidal volumes
for acute lung injury and the acute respiratory distress syndrome.
N Engl J Med 2000;342:1301-1308.

9. Kallet RH, Jasmer RM, Pittet JF, Tang JF, et al: Clinical implemen-
tation of the ARDS network protocol is associated with reduced
hospital mortality compared with historical controls. Crit Care
Med 2005;33:925-929.

10. Kacmarek RM, Hickling KG: Permissive hypercapnia. Resp Care
1993;38:373-387.

11. Brower RG, Lanken PN, MacIntyre N, Matthay MA, Morris,
Ancukiewicz M, et al, National Heart, Lung, and Blood Institute
ARDS Clinical Trials Network: Higher versus lower positive
end-expiratory pressures in patients with the acute respiratory
distress syndrome. N Engl J Med 2004;351:327-336.

12. Douglas WW, Rheder K, Beynen FM, Sessler AD, Marsh HM:
Improved oxygenation in patients with acute respiratory failure:
The prone position. Am Rev Respir Dis 1974;115:559-566.

13. Richard JC, Maggiore SM, Mancebo J, Lemaire F, et al: Effects
of vertical positioning on gas exchange and lung volumes in
acute respiratory distress syndrome. Intensive Care Med
2006;32:1623-1626.

14. Gattinoni L, Tognoni G, Presenti A, Taccone P, et al: Effect of
prone positioning on the survival of patients with acute respira-
tory failure. N Engl J Med 2001;345:568-573.

15. Troncy E, Collet J, Shapiro S, Guimond J, et al: Inhaled nitric oxide
in acute respiratory distress syndrome, a pilot randomized con-
trolled study. Am J Respir Crit Care Med 1998;157: 1483-1488.

16. Michael JR, Barton RG, Saffle JR, Mone M, et al: Inhaled nitric
oxide versus conventional therapy, effect on oxygenation in
ARDS. Am J Respir Crit Care Med 1998;157:1372-1380.

17. Dellinger RP, Zimmermann JL, Taylor RW, Straube RC, et al:
Effects of inhaled nitric oxide in patients with acute respiratory
distress syndrome: Results of a randomized phase II trial. Crit
Care Med 1998;26:15-23.

18. Adhikari NK, Burns KE, Friedrich J, Granton JT, et al: Effect of
nitric oxide on oxygenation and mortality in acute lung injury:
Systemic review and meta-analysis. BMJ 2007;334:779.

19. Angus DC, Clermont G, Linde-Zwirble WT, Musthafa AA, et al:
Healthcare costs and long-term outcomes after acute respiratory
distress syndrome: A phase III trial of nitric oxide. Crit Care
Med 2006;34:2883-2890.

20. Zapol WM, Snider MT, Schneider RC: Extracorporeal membrane
oxygenation for acute respiratory failure. Anesthesiology
1977;46:272-285.

21. Zapol WM, Snider MT, Hill JD, Fallat RJ, et al: Extracorporeal
membrane oxygenation in severe acute respiratory failure.
JAMA 1979;242:2193-2196.

22. Gattinoni L, Presenti A, Mascheroni D, Fumagalli R, et al: Low-fre-
quency positive pressure ventilation with extracorporeal CO2

removal in severe acute respiratory failure. JAMA 1986;256: 881-886.

http://www.ardsnet.org


Chapter 31 What Works in a Patient with Acute Respiratory Distress Syndrome? 209
23. Morris AH, Wallace CJ, Menlove RL, Clemmer TP, et al: Rando-
mized clinical trial of pressure-controlled inverse ratio ventilation
and extracorporeal CO2 removal for adult respiratory distress
syndrome. Am J Respir Crit Care Med 1994;149:295-305.

24. Peek GJ, Clemens F, Elbourne D, Firmin R, et al: CEDAR: Con-
ventional ventilatory support vs extracorporeal membrane oxy-
genation for severe adult respiratory failure. BMC Health
Sciences Research 2006;6:163.

25. Declaux CD, Alberti C, Mancebo J, Abroug F, et al: Treatment of
acute hypoxemic nonhypercapnic respiratory insufficiency with
continuous positive airway pressure delivered by a face mask.
A randomized controlled trial. JAMA 2000;284:2352-2360.

26. Antonelli M, Conti G, Esquinas A, Montini L, et al: A multi-
center survey on the use in clinical practice of noninvasive venti-
lation as a first-line intervention for acute respiratory distress
syndrome. Crit Care Med 2007;35:18-25.

27. Clark RH, Gerstmann DR, Null DM, deLemos RA: Prospective
randomized comparison of high-frequency oscillatory and con-
ventional ventilation in respiratory distress syndrome. Pediatrics
1992;89:5-12.

28. Gerstmann DR, Monton SD, Stoddard RA, Meredith KS, et al:
The Provo Multicenter Early High-frequency Oscillatory Ventila-
tion Trial improved pulmonary and clinical outcome in respira-
tory distress syndrome. Pediatrics 1996;98:1044-1057.

29. Carlon GC, Howland WS, Ray C, Miodownik, et al: High-
frequency jet ventilation: A prospective randomized evaluation.
Chest 1983;84:551-559.

30. Fort P, Farmer C, Westerman J, Johannigman, J, et al: High-
frequency oscillatory ventilation for adult respiratory distress
syndrome—a pilot study. Crit Care Med 1997;25:937-947.

31. Borges JB, Okamoto VN,MatosGF, CaramezMP, et al: Reversibility
of lung collapse and hypoxemia in early acute respiratory distress
syndrome. Am J Respir Crit Care Med 2006;174: 268-278.

32. Thile AW, Richard JC, Maggiore SM, Ranieri VM, Brochard L:
Alveolar recruitment in pulmonary and extrapulmonary acute
respiratory distress syndrome. Anesthesiology 2007;106: 212-217.

33. Gattinoni L, Caironi P, Cressoni M, Chiumello D, et al: Lung
recruitment in patients with the acute respiratory distress syn-
drome. N Engl J Med 2007;354:1775-1786.

34. Oczenski W, Hormann C, Keller C, Lorenzl N, et al: Recruitment
maneuvers after a positive end-expiratory pressure trial do not
induced sustained effects in early adult respiratory distress syn-
drome. Anesthesiology 2004;101:620-625.

35. Pittet JF, Mackersie RC, Martin TR, Matthay MA: Biological
markers of acute lung injury: Prognostic and pathogenetic signif-
icance (state of art). Am J Respir Crit Care Med 1997;155: 1187-1205.

36. Bone RC, Slotman G, Maunder R, Silverman H, et al: Rando-
mized double-blind, multicenter study of prostaglandin E1 in
patients with adult respiratory distress syndrome: Prostaglandin
E1 Study Group. Chest 1989;96:114-119.

37. Ware LB, Matthay MA: The acute respiratory distress syndrome.
N Engl J Med 2000;342:1334-1349.

38. ARDS Network: A randomized placebo controlled trial of
lisophylline for early treatment of acute lung injury and acute
respiratory distress syndrome. Crit Care Med 2002;30:1-6.

39. ARDS Network: Ketoconazole for early treatment of acute lung
injury and acute respiratory distress syndrome: A randomized
controlled trial. JAMA 2000;283:1995-2002.

40. Anzueto A, Baughman RP, Guntupalli KK, Weg JG, et al: Aeroso-
lized surfactant in adults with sepsis-induced acute respiratory
distress syndrome. N Engl J Med 1996;334:1417-1421.

41. Brower RG, Ware LB, Berthiaume Y, Matthay MA: Treatment of
ARDS. Chest 2001;120:1347-1367.

42. Pulmonary Artery Catheter Consensus Conference: Pulmonary
Artery Catheter Consensus Conference: Consensus statement.
Crit Care Med 1997;25:910-925.

43. The National Heart, Lung, and Blood Institute Acute
Respiratory Distress Syndrome (ARDS) Clinical Trials Network:
Pulmonary-artery versus central venous catheter to guide treat-
ment of acute lung injury. N Engl J Med 2006;354:2213-2224.

44. Mitchell JP, Schuller D, Calandrino FS, Schuster DP: Improved
outcome based on fluid management in critically ill patients
requiring pulmonary artery catheterization. Am Rev Respir Dis
1992;145:990-998.

45. Wiedemann HP, Wheeler AP, Bernard GR, Thompson BT,
Hayden D, deBoisblanc B, et al, National Heart, Lung, and Blood
Institute Acute Respiratory Distress Syndrome (ARDS) Clinical
Trials Network: Comparison of two fluid-management strategies
in acute lung injury. N Engl J Med 2006;354:2564-2575.

46. Kress JP, Pohlman AS, O’Connor MF, Hall JB: Daily interruption
of sedative infustions in critically ill patients undergoing
mechanical ventilation. N Engl J Med 2000;342:1417.

47. Hise ME, Halterman KH, Gajewski BJ, Parkhurst M, Moncure M,
Brown JC: Feeding practices of severely ill intensive care unit
patients: An evaluation of energy sources and clinical outcomes.
J Am Diet Assoc 2007;107:458-465.

48. Mackenzie SL, Zygun DA, Whitmore BL, Doig CJ, Hameed SM:
Implementation of a nurtritional support protocol increases the
proportion of mechanically ventilated patients reaching enteral
nutrition targets in the adult intensive care unit. Journal of Paren-
teral and Enteral Nutrition 2005;29:74-80.

49. Gadek JE, DeMichele SJ, Karlstad MD, Pacht ER, et al: Effect of
enteral feeding with eicosapentaenoic acid, gamma-linolenic
acid, and antioxidants in patients with acute respiratory distress
syndrome. Crit Care Med 1999;27:1409-1420.

50. Resar R, Pronovost P, Haraden C, Simmonds T, Rainey T, Nolan
T: Using a bundle approach to improve ventilator care processes
and reduce ventilator associated pneumonia. Jt Comm J Qual
Patient Saf 2005;31:243-248.

51. Bernard GR, Luce JM, Sprung CL, Rinaldo JE, et al: High-dose
corticosteroids in patients with adult respiratory distress syn-
drome. N Engl J Med 1978;317:1565-1570.

52. Luce JM, Montgomery AB, Marks JD, Turner J, Metz CA,
Murray JF: Ineffectiveness of high-dose methylprednisolone
in preventing parenchymal lung injury and improving mortal-
ity in patients with septic shock. Am Rev Respir Dis 1988;138:
62-68.

53. Meduri GU, Golden E, Freire AX, Taylor E, et al: Methylprednis-
olone infusion in early severe ARDS, results of a randomized
controlled trial. Chest 2007;131:954-963.

54. Meduri GU, Belenchia JM, Estes RJ, Wunderink RG, el Torkey M,
Leeper KV: Fibroproliferative phase of ARDS, clinical findings
and effects of corticosteroids. Chest 1991;100:943-952.

55. Meduri GU, Chinn AJ, Leeper KV, Wunderink RG, et al: Cortico-
steroid rescue treatment of progressive fibroproliferation in late
ARDS. Patterns of response and predictors of outcome. Chest
1994;105:1516-1527.

56. Meduri GU, Headley AS, Golden E, Carson SJ, et al: Effect of pro-
longed methylprednisolone therapy in unresolving acute respira-
tory distress syndrome. A randomized controlled trial. JAMA
1998;280:159-165.

57. Steinberg KP, Hudson LP, Goodman RB, Hough CL, Lanken PN,
Hyzy R, et al, National Heart, Lung, and Blood Institute Acute
Respiratory Distress Syndrome (ARDS) Clinical Trials Network:
Efficacy and safety of corticosteroids for persistent acute respira-
tory distress syndrome. N Engl J Med 2006;354:1671-1684.

58. Annane D, Sebille V, Charpentier C, Bollaert PE, et al: Effect of
treatment with low doses of hydrocortisone and fludrocortisone
onmortality in patientswith septic shock. JAMA 2002;288: 862-871.

59. Annane D, Sebille V, Bellissant E, Ger-Inf-05 Study Group: Effect
of low doses of corticosteroids in septic shock patients with or
without early acute respiratory distress syndrome. Crit Care
Med 2006;34:22-30.

60. NHLBI ARDS Clinical Network: Available at: http://www.
ardsnet.org (accessed June 10, 2007).

http://www.ardsnet.org
http://www.ardsnet.org


32
210
What Actions Can Be Used to
Prevent Peripheral Nerve Injury?

Sanjay M. Bhananker, MBBS, MD, DA, FRCA, and Karen B. Domino,
MD, MPH
Perioperative peripheral nerve injury is a significant source
of morbidity for patients and the second most frequent
cause for professional liability for anesthesiologists,
accounting for 16% of claims in the American Society of
Anesthesiologists (ASA) closed claims project database.1

The incidence of postoperative peripheral nerve dys-
function is estimated at 0.1% to 0.15%, or 1 in 1000 to
1500 anesthetics.2-4

The etiology of perioperative nerve damage is largely
unknown. Injuries to the nerves of the brachial plexus
or sciatic nerve may be secondary to stretching and/or
compression with malpositioning of the patient. In con-
trast, ulnar nerve injury may occur despite protective
padding and careful positioning. Direct trauma from nee-
dles or instruments and chemical toxicity of injected local
anesthetics or vasoconstrictors may be implicated in
nerve damage following regional anesthetic techniques.5

However, there are very few prospective studies on the
genesis or prevention of perioperative neuropathy. None
of these are randomized and blinded. The relationship
between conventional perioperative care and develop-
ment of postoperative neuropathy is poorly understood.

Because of the absence of randomized controlled trials
and paucity of epidemiologic studies, the evidence on
which practice patterns for prevention of perioperative
peripheral neuropathy are based is largely consensus
opinion. Using expert consensus, the ASA Task Force on
Prevention of Perioperative Peripheral Neuropathies6

formed guidelines regarding perioperative positioning of
the patient, use of protective padding, and avoidance of
contact with hard surfaces or supports to reduce perioper-
ative neuropathies (Table 32-1). However, even with close
adherence to these recommendations, many peripheral
neuropathies, especially those involving the ulnar nerve,
are not preventable.
THERAPIES/OPTIONS AVAILABLE TO
REDUCE PERIPHERAL NEUROPATHY

Understanding of the etiology and pathogenesis of neu-
ropathy is essential to formulate ways of preventing or
minimizing its occurrence. Lack of this understanding
with regard to the development of postoperative peri-
pheral nerve dysfunction is the major impediment to
developing preventive steps.
Based on the current knowledge of pathogenesis of
perioperative neuropathy, several recommendations have
been made to prevent its occurrence. These include a pre-
operative screening to detect any subclinical neuropathy,
preoperative history and physical examination directed
at defining the comfortable range of stretching and move-
ment at different joints, meticulous attention to avoiding
intraoperative compression of superficial nerves, padding
of the extremities and points at which nerves may get
compressed, measures aimed at reducing the stretch-
ing of the nerves, periodic intraoperative checking for
optimal positioning of the extremities, and performing
regional blocks while awake and with a nerve stimulator.
However, there is no definitive scientific evidence that
these maneuvers are effective in preventing perioperative
neuropathy.
EVIDENCE

In attempting to study the evidence with respect to causa-
tion and prevention of peripheral neuropathy, one must
consider the different criteria used to diagnose neuro-
pathy in each of the studies. Although transient sensory
neurologic dysfunction lasting less than 2 weeks is not
uncommon after anesthesia and surgery, permanent dis-
abling nerve injuries are infrequent.

Ulnar Neuropathy

The ulnar nerve is the most common site of postoperative
peripheral nerve damage, accounting for 28% of claims
for anesthesia-related nerve injuries in the ASA closed
claims database.1 The incidence of ulnar nerve dysfunc-
tion is estimated to be between 0.26% and 0.5% in pro-
spective studies of postsurgical patients (Table 32-2).7,8

Ulnar neuropathy has been documented not only in surgi-
cal patients but also in medical inpatients and outpati-
ents,9 and irrespective of whether general anesthesia,
regional anesthesia, or sedation-monitored anesthesia care
is administered.1

Male gender, extremes of body habitus, and prolonged
hospitalization are important risk factors for periopera-
tive ulnar neuropathy.7,8,10 The male predisposition may
be explained by gender-related anatomic variations in
the cubital tunnel at the elbow that render the ulnar nerve



Table 32-1 Summary of Task Force Consensus

PREOPERATIVE ASSESSMENT

When judged appropriate, it is helpful to ascertain that patients can comfortably tolerate the anticipated operative position.

UPPER EXTREMITY POSITIONING

Arm abduction should be limited to 90 degrees in supine patients; patients who are positioned prone may comfortably tolerate arm
abduction greater than 90 degrees.
Arms should be positioned to decrease pressure on the postcondylar groove of the humerus (ulnar groove).
When arms are tucked at the side, a neutral forearm position is recommended.
When arms are abducted on armboards, either supination or a neutral forearm position is acceptable.
Prolonged pressure on the radial nerve in the spiral groove of the humerus should be avoided.
Extension of the elbow beyond a comfortable range may stretch the median nerve.

LOWER EXTREMITY POSITIONING

Lithotomy positions that stretch the hamstring muscle group beyond a comfortable range may stretch the sciatic nerve.
Prolonged pressure on the peroneal nerve at the fibular head should be avoided.
Neither extension nor flexion of the hip increases the risk of femoral neuropathy.

PROTECTIVE PADDING

Padded armboards may decrease the risk of upper extremity neuropathy.
The use of chest rolls in laterally positioned patients may decrease the risk of upper extremity neuropathies.
Padding at the elbow and at the fibular head may decrease the risk of upper and lower extremity neuropathies, respectively.

EQUIPMENT

Properly functioning automated blood pressure cuffs on the upper arms do not affect the risk of upper extremity neuropathies.
Shoulder braces in steep head-down positions may increase the risk of brachial plexus neuropathies.

POSTOPERATIVE ASSESSMENT

A simple postoperative assessment of extremity nerve function may lead to early recognition of peripheral neuropathies.

DOCUMENTATION

Charting specific positioning actions during the care of patients may result in improvements of care by (1) helping practitioners focus
attention on relevant aspects of patient positioning and (2) providing information that continuous improvement processes can lead to
refinements in patient care.

From Anesthesiology 2000;92:1168-1182. Reprinted with permission of the publisher.

Table 32-2 Ulnar Neuropathy

Author,
Year

Anesthesia
Technique Study Design

Incidence of
Neuropathy Comment

Dhuner,
19502

GA/spinal Retrospective
review of 30,000
cases

Ulnar neuropathy in
8 patients

Transient paresis lasting a few weeks in 7 cases

Alvine,
19877

GA for orthopedic,
cardiac, urology,
general surgical
procedures

Prospective
study in 6538
patients

Ulnar neuropathy in
0.26% patients

Subclinical ulnar neuropathy may become
symptomatic secondary to perioperative maneuvers
and manipulations

Warner,
199410

GA, sedation, regional Retrospective
review of
1,129,692 cases

Ulnar neuropathy in 1
per 2729 patients
(0.04%)

No correlation with anesthetic technique or patient
position; males, extremes of body habitus,
prolonged hospital stay had higher incidence

Warner,
19998

GA, sedation, regional Prospective
study in 1502
patients

Ulnar neuropathy in 7
per 1502 patients (1 in
215 patients) (0.5%)

More frequent in men 50-75 years of age; signs and
symptoms develop 2-7 days after surgery

Warner,
20009

Medical inpatients Prospective
study in 986
patients

Ulnar neuropathy in
2 of 986 (0.2% incidence)

Prolonged bed rest in supine position and elbow
flexion may be causative

Lee,
200214

GA Prospective
study in 203
orthopedic
patients

6 cases (3% incidence) of
ulnar neuropathy

Higher incidence in tilted patients in the lowermost
adducted arm

GA, general anesthesia.
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more sensitive to injury. Men have a 50% larger tubercle
of the ulna, thicker retinaculum, and a shallow cubital
tunnel, whereas women have 2 to 9 times more fat content
in the cubital tunnel.11 It is speculated that these anatomic
differences may predispose the ulnar nerve to ischemia,
by either direct compression or a reduction in blood flow
by compression of the ulnar collateral artery and vein.
Patients with perioperative neuropathy have a high inci-
dence of contralateral nerve conduction dysfunction,
suggesting that a subclinical neuropathy may become
symptomatic as a result of manipulations during the
perioperative period.7

The risk of ulnar nerve injury may be increased by flex-
ion of the elbow12 and pronation of the forearm12

(see Table 32-2). The ASA Task Force concluded that flex-
ion of the elbow may increase the risk of ulnar neuro-
pathy.6 This opinion is supported by anatomic evidence
of a reduction in the cross-sectional contour of the cubital
tunnel and sevenfold increase in pressure within the
tunnel, to a range that can compromise the intraneural
circulation.13 Pronation of the forearm increases the pres-
sure over the ulnar groove.12 Supination of the forearm
produces the least amount of pressure, whereas a neutral
position results in an intermediate value. Supination also
“lifts” the cubital tunnel and ulnar nerve away from
a contact surface. Almost half of the men who experi-
ence pressure on their nerve sufficient to impair the
electrophysiologic function do not perceive symptoms.12

A higher incidence of ulnar neuropathy is also found in
tilted patients in the lowermost adducted arm, speculated
as occurring because internal rotation of the shoulder
rotates the ulnar nerve toward compressive forces at the
elbow.14

The ASA Task Force on Prevention of Perioperative
Peripheral Neuropathies (see Table 32-1) made the
following recommendations to prevent ulnar nerve injury:
(1) position arms to decrease pressure on the ulnar
groove, (2) use a neutral forearm position when arms are
tucked at the sides, (3) use supination or a neutral forearm
position when the arms are abducted on armboards, and
(4) use padded armboards and padding at the elbow.6

Periodic checking and documentation were also recom-
mended. Properly functioning blood pressure cuffs on
the upper arms do not affect the risk of upper extremity
neuropathy.6

Despite the theoretical value of these precautions in
positioning the arms, there is no evidence that these prac-
tices decrease the risk of postoperative ulnar neuropathy.
On the contrary, the evidence suggests that ulnar nerve
damage may occur despite padding and placement of
the patient’s arms in supination.15

Brachial Plexus Injury

Injury to the brachial plexus is the second most common
nerve injury, responsible for 20% of claims for anes-
thesia-related nerve injuries in the ASA closed claims
analysis.1 The perioperative incidence of brachial plexus
neuropathy is estimated at 0.2% to 0.6%.2,16 Injury to the
brachial plexus is most commonly reported after proce-
dures involvingmedian sternotomy, especiallywith dissec-
tion of the internal mammary artery;17,18 Trendelenburg
position, especially with shoulder braces for support;2 and
after surgery in the prone position.19

Most brachial plexus nerve injuries are caused by
stretching and traction on the plexus.2,4,16,19,20 The ana-
tomic features that make the brachial plexus most suscep-
tible to injury include the following: (1) the nerve roots of
the brachial plexus run a long, mobile, and superficial
course between two firm points of fixation—the inter-
vertebral foramina above and the axillary fascia below;
(2) its close anatomic relationships with a number of freely
movable bony prominences; and (3) the plexus runs its
course through the limited space between the first rib
and the clavicle.19,21 The first two features make the bra-
chial plexus more susceptible to stretch-induced injury,
whereas the third one (along with fracture or displace-
ment of the first rib) is generally implicated in direct or
compression injury after cardiac surgery.

Arm Position

Brachial plexus neuropathy has been reported after arm
abduction equal to or greater than 90 degrees.2,21 Positions
that induce stretching of the brachial plexus include exten-
sion and lateral flexion of the head to one side, allowing the
arm to sag off the operating table,2 or use of a shoulder roll
or gallbladder rest to “bump” the patient to one side.20 Con-
tralateral cervical lateral flexion, lateral rotation of the
shoulder, fixation of the shoulder girdle in neutral position,
and wrist extension also stretch the brachial plexus.22

Simultaneous application of these positions has a cumula-
tive effect. Ninety-six percent of ASA members believed
that limiting the arm abduction to 90 degrees in supine
patients may reduce the risk of brachial plexus injury.6

The ASATask Force on Prevention of Perioperative Periph-
eral Neuropathies concluded that arm abduction should be
limited to 90 degrees in supine patients (see Table 32-1).6

Shoulder Braces

Use of shoulder braces to stop patients from sliding down
when placed in a steep Trendelenburg position has been
associated with development of postoperative brachial
plexus damage.2,6,16 Shoulder braces can compress the
brachial plexus against the numerous bony and rigid
structures within the shoulder complex. The danger is even
greater when the arm is abducted, causing the brace to act
as a fulcrum and stretching the plexus. Fixation of the
shoulder (caused by use of shoulder braces even in the
recommended position over the acromioclavicular joints)
loads the nerves of the upper extremity and reduces
the range of elbow extension in the brachial plexus tension
test.22 The ASA Task Force on Prevention of Perioperative
Peripheral Neuropathies concurred that shoulder braces
in a steep head-down position may increase the risk of
brachial plexus neuropathies (see Table 32-1).6

Prone Position

Placement of a patient into the prone position can also be
accompanied by a stretch injury to the brachial plexus.
Once prone position is established, the arms may be posi-
tioned either alongside the torso or extended above the
head. In the presence of symptoms suggestive of thoracic
outlet syndrome (paresthesia, numbness, or pain on
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raising hands above the head), arms should be restrained
by the side of the body to avoid stretching of the brachial
plexus.23 Closure of retroclavicular space in the prone
position can occur as a result of dorsal and caudal dis-
placement of the clavicle by the chest roll, causing com-
pression of the brachial plexus between the thorax and
clavicle. The ASA Task Force on Prevention of Periopera-
tive Peripheral Neuropathies concluded that patients
who are positioned prone may comfortably tolerate arm
abduction greater than 90 degrees (see Table 32-1).6

Lateral Decubitus Position

Compression of the brachial plexus between the thorax
and the head of the humerus of the down-side extremity
can also occur in the lateral decubitus position.16 This
can possibly be reduced by placing a roll under the chest
wall just caudad to the axilla, with the aim of elevating
the rib cage off the table and freeing the dependent shoul-
der.6,23 The ASA Task Force on Prevention of Periopera-
tive Peripheral Neuropathies recommended use of chest
rolls in laterally positioned patients to reduce the risk of
upper extremity neuropathies (see Table 32-1).6

Other Upper Extremity Neuropathies

Radial Nerve Injury

The radial nerve is susceptible to compression injury as it
passes dorsolaterally around the middle and lower thirds
of the humerus in the musculospiral groove. The nerve
can be compressed approximately 5 cm above the lateral
epicondyle of the humerus between an external object,
such as the vertical bar of an anesthesia screen, an
Table 32-3 Lower Extremity Neuropathy

Author,
Year Study Design Incidence of N

Burkhart,
196634

Retrospective analysis of 2526
vaginal surgical procedures

0.2% incidence o
neuropathy

McQuarrie,
197233

Vaginal hysterectomy in 1000
patients

0.3% incidence o
neuropathy

Keykhah,
197928

488 cases of neurosurgery in sitting
position

1% incidence of
neuropathy

Warner,
199429

Retrospective review of 198,461
patients in lithotomy position

Persistent motor
extremity for >3
patients (1 per 3

Nercessian,
199430

7133 consecutive total hip
arthroplasties

45 cases (0.63%)
34 (0.48%) in low
and 11 (0.15%) in

Warner,
200031

Prospective study in 991 patients in
lithotomy position

Lower extremity
15 patients (1.5%

Anema,
200032

Prospective study in 185 male
patients undergoing urethral
reconstruction in high lithotomy
position

12 cases of neuro
incidence)
improperly positioned tourniquet, or the distal edge of
a blood pressure cuff, and the underlying bone.6,24

The ASA Task Force on Prevention of Perioperative
Peripheral Neuropathies recommended that prolonged
pressure on the radial nerve in the spiral groove of the
humerus should be avoided (see Table 32-1).6

Median Nerve Dysfunction

Isolated median nerve damage in the perioperative setting
is relatively uncommon, and the mechanism is poorly
understood.1,25 Needle trauma during venipuncture or
intravenous cannulation in the antecubital fossa is possible.
Median nerve dysfunction is predominantly seen in muscu-
lar men, in the 20- to 40-year-old age-group, who are unable
to fully extend their elbows because of their large biceps
and relatively inflexible tendons. The ASA Task Force on
Prevention of Perioperative Peripheral Neuropathies con-
cluded that extension of the elbow beyond a comfortable
range may stretch the median nerve (see Table 32-1).6

Long Thoracic Nerve Damage

Long thoracic nerve dysfunction is an infrequent neurop-
athy.1,26 The absence of any apparent mechanism of injury
in most of these injuries has led to the postulation that a
coincidental infectious neuropathy may be responsible
for the postoperative long thoracic nerve dysfunction.27

Lower Extremity Neuropathy

Postoperative nerve lesions in the lower extremity occur
infrequently and are poorly studied (Table 32-3).28-32 In
the analysis of closed claims for nerve damage, Cheney
europathy Comment

f sciatic Stretch injury and not compression injury

f sciatic Sciatic and common peroneal nerves are
anatomically fixed at the sciatic notch and neck
of fibula, making them susceptible to stretch

peroneal —

deficit in lower
mo in 55
608 cases)

Association with prolonged duration in
lithotomy, very thin body habitus, and smoking
in preoperative period

of neuropathy,
er extremity
upper limb

Common peroneal and ulnar nerves commonly
involved; females more likely to develop
neuropathy

neuropathy in
incidence)

Sensory neuropathy, developing within 4 hr,
complete recovery within 6 mo, direct
correlation with time in lithotomy position

pathy (6.5% Duration of lithotomy position was significant
risk factor; height, weight, type of stirrups were
not associated with increased risk
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and colleagues1 reported 23 cases of sciatic nerve injuries,
of which 10 were associated with the use of lithotomy
position and 2 with frog-leg position for the surgery.
Warner and colleagues31 prospectively studied 991 patients
undergoing surgery in lithotomy position and observed a
1.5% incidence of lower extremity neuropathies. Of the
15 patients who developed neuropathies, the obturator
nerve was involved, indicating that multiple nerves are
affected with similar frequency. All the neuropathies were
purely sensory.

The risk of developing lower extremity neuropathy
increases with the duration of lithotomy position,29,31,32

and limiting the duration of lithotomy may decrease
the incidence of postoperative lower extremity nerve
dysfunction.

Sciatic Neuropathy

Perioperative sciatic nerve injury is relatively uncommon
but may occur from stretching, compression, ischemia,
or a combination of these mechanisms. Stretch injury to
the sciatic nerve could occur if the patient is placed in
some variant of the lithotomy position, especially those
with simultaneous hyperflexion of the hip and extension
of the knee or external rotation of the thigh.19,33,34 Case
reports of left-sided sciatic neuropathy after cesarean
section in patients with left lateral tilt35,36 suggest that
pressure on the sciatic nerve in this position may cause
sciatic nerve injury. Because the same forces stretch the
sciatic nerve and the hamstring group of muscles, elimi-
nating the stretch (tautness) of knee flexor muscles in a
surgical position helps reduce the incidence of stretch-
related injury to the sciatic nerve.6,19 The ASA Task Force
on Prevention of Perioperative Peripheral Neuropathies
recommended that flexion of the hip and extension of
the knee should be jointly considered to reduce the
amount of stretch on hamstring when positioning a
patient in lithotomy (see Table 32-1).6

Peroneal Nerve Dysfunction

The common peroneal nerve (common fibular nerve)
wraps superficially around the neck of the fibula before
dividing into the sensory superficial peroneal nerve and
predominantly motor deep peroneal nerve. The common
peroneal nerve is vulnerable to compression between the
head of the fibula and external hard objects, particularly
in the lithotomy and sitting positions28,29,31 and after hip
surgery.30 Warner and colleagues31 observed only sensory
deficits in their patients who developed peroneal neurop-
athy after prolonged duration in lithotomy positions, sug-
gesting that only the superficial peroneal nerve was
affected either because of compression distal to the fibular
head or by stretching secondary to plantar flexion of the
foot. The ASA Task Force on Prevention of Perioperative
Peripheral Neuropathies recommended use of protec-
tive padding at the fibular head to decrease the risk of
peroneal neuropathy (see Table 32-1).6

Femoral Neuropathy

Postoperative femoral neuropathy is relatively uncommon
and is often associated with surgical factors, such as the
use of self-retaining retractors for abdominopelvic opera-
tions,37 ischemia after aortic cross-clamp, and compression
caused by hematoma.38 Femoral nerve ischemia may also
result from extreme abduction and external rotation of
thighs in the lithotomy position.39

Obturator Neuropathy

The obturator nerve lies deep within the pelvis and
medial thigh and is relatively well protected. The nerve
is particularly at risk during total hip arthroplasty and
pelvic surgery.40

Nerve Damage Following Peripheral Nerve
Block

The incidence of persistent neuropathy following peri-
pheral nerve block is estimated at 0.2%, although tran-
sient sensory deficits and paresthesia are relatively
common, occurring in up to 7% to 14% of patients
(Table 32-4).41-51 In a review of all studies investigating
neurologic complications following regional anesthesia,
Brull and colleagues52 found that the rate of transient neu-
ropathy following peripheral nerve blockade was less
than 3% and that permanent nerve damage was rare.
The etiology of nerve injury is thought to be secondary
to needle trauma, local anesthetic neurotoxicity, ischemia,
or a combination of these factors.53 Hematoma, intra-
neural edema, and direct neuronal toxicity may result
in an immediate injury. Formation of perineural edema,
inflammation, and microhematoma around the nerve
may account for the 2- to 3-week delay sometimes seen
from performing a regional block to the onset of neuro-
logic symptoms. A tissue reaction or scar formation in
response to mechanical or chemical trauma may also be
responsible for delayed neurologic dysfunction.53

Risk factors for neurologic dysfunction following
peripheral nerve block have been speculated to include
elicitation of paresthesia, use of a multiple injection tech-
nique, use of a long-bevel needle, use of continuous block
techniques, performance of blocks under general anesthe-
sia, and performing regional blocks in anticoagulated
patients. The scientific quality of evidence in support of
these risk factors is relatively poor, relying mostly on small
clinical series, case reports, and editorials. In contrast, tour-
niquet inflation pressures of greater than 400 mm Hg have
been demonstrated to be associated with the development
of postoperative neurologic dysfunction.46

An analysis of risk factors for the development of neu-
rologic complications following axillary blocks found no
association of neuronal dysfunction with elicitation of
paresthesia, nerve stimulator response, use of epineph-
rine, or use of long-beveled needles.47 The multiple injec-
tion technique is also not associated with an increased
incidence of postoperative neurologic dysfunction.46 Con-
tinuous nerve block techniques may theoretically increase
the risk of nerve injury; however, the risk of neurologic
complications with continuous axillary blocks is similar
to that of single-dose techniques.51

Commonly used endpoints for successful localization
of nerve(s) to be blocked include elicitation of paresthesia,
motor stimulation of the muscles innervated, and ultra-
sound guidance. Although early studies suggested that
searching for paresthesia increased the incidence of nerve
injury,41 more recent studies have not demonstrated



Table 32-4 Neuropathy Following Regional Nerve Blockade

Author,
Year

Anesthesia
Technique Study Design Incidence of Neuropathy Comment

Selander,
197941

AxB Prospective study in 533
patients

Nerve lesions in 10 of 533
patients attributed to block

Searching for paresthesia increased
incidence of nerve lesions from 0.8% to
2.8% (not significant statistical
difference)

Urban,
199442

AxB and ISB
AxB

Prospective study in 508
patients, 242 AxB and 266
ISB

Incidence of paresthesia at 2 wk
postblock was 3% with ISB and
7% with AxB

All but one patient in each group made
complete recovery in 4 wk with AxB
and 6 wk with ISB

Stan,
199543

AxB by
transarterial
approach

Prospective study in 996
patients

Transient sensory neuropathy in
2 of 996 patients (0.2% incidence)

Direct needle trauma believed to be
cause; complete recovery within 1 mo

Giaufre,
199644

Regional
anesthetics

Prospective study in
pediatric patients

No complications in 4090
peripheral nerve blocks

Demonstrated safety of peripheral
nerve blocks over central blocks in
pediatric anesthesia

Auroy,
199745

Regional
anesthesia

Prospective study,
103,730 regional
anesthetics including
21,278 peripheral nerve
blocks

Nerve damage in 34 patients Paresthesia during needle placement or
pain during injection in all patients with
nerve injury; complete recovery in 19
patients within 3 mo

Fanelli,
199946

Sciatic-femoral,
AxB, and ISB
using nerve
stimulator

Prospective study in 3996
patients, using multiple-
injection technique

69 patients (1.7% incidence)
developed neurologic
dysfunction in the first month

Tourniquet inflation to >400 mm Hg
associated with nerve injury; complete
recovery in all but one patient in 4-12
wk

Horlocker,
199947

Repeated AxBs Retrospective study of
1614 AxBs in 607 patients

1.1% incidence of anesthesia-
related neurologic dysfunction

Repeated AxBs did not increase risk of
neurologic complications

Borgeat,
200153

ISB for
shoulder
surgery

Prospective study in 520
patients, followed up for
9 mo

Severe long-term complication
(persistent dysesthesias at 9
months) rate of 0.2%; no
incidence of motor weakness

Need to exclude sulcus ulnaris
syndrome, carpal tunnel syndrome, or
complex regional pain syndrome in
cases of persistent dysesthesias after
regional block

Grant,
200149

Continuous
peripheral
nerve block

Prospective study in 228
patients

No incidence of postoperative
neurologic dysfunction

Safety of using insulated Tuohy catheter
system for continuous blocks

Klein,
200250

Peripheral
nerve blocks

Prospective study of 2382
blocks with ropivacaine

6 cases (0.25% incidence) of
paresthesia at 7 days
postoperative

Neurologic recovery in all patients over
6 mo

Auroy,
200254

AxB Prospective study of
11,024 patients

2 cases of neurologic deficits Follow-up beyond 6 months not
available

Auroy,
200254

Femoral nerve
block

Prospective study of
10,309 patients

3 cases Follow-up beyond 6 months not
available

Auroy,
200254

Sciatic nerve
block

8507 patients 2 cases Follow-up beyond 6 months not
available

Auroy,
200254

ISB 3459 patients 1 case Follow-up beyond 6 months not
available

Bergman,
200351

Continuous
AxBs

Retrospective study in
405 patients with axillary
catheters

2 cases (0.5% incidence) of
anesthesia-related neurologic
deficits

Use of continuous axillary blockade
does not increase risk of nerve damage

AxB, axillary block; ISB, interscalene block.
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this relationship.43,47 Some experts believe that use of a
peripheral nerve stimulator reduces the risk of nerve
injury, but this claim remains unproven and warrants
further study. In a French survey of anesthesiologists,
Auroy and colleagues54 found that a nerve stimulator
was used in 9 out of 12 peripheral nerve blocks that
resulted in a neurologic complication. Ultrasound guid-
ance for performing peripheral nerve blocks is becoming
popular worldwide. Animal studies have shown that
ultrasound may prove useful to detect intraneural injec-
tion, whereas a motor response above 0.5 mA may not
exclude intraneural needle placement.55 However,
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Bigeleisen56 found that puncturing of the peripheral
nerves and apparent intraneural injection during axillary
plexus block did not necessarily lead to a neurologic
injury. Perlas and colleagues57 noted that paresthesia
was 38.2% sensitive and motor response was 74.5% sensi-
tive for detection of needle-to-nerve contact as detected
by ultrasound. Performance of peripheral nerve blocks
under general anesthesia is also controversial. No neuro-
logic sequelae were noted in a prospective study of over
4000 peripheral nerve blocks in pediatric patients.44 Sev-
eral case reports and editorials point out potentially seri-
ous complications of placing nerve blocks in anesthetized
patients,58,59 yet brachial plexus and other blocks are fre-
quently performed in anesthetized patients.

Data on neurologic injury following peripheral nerve
blocks in patients receiving anticoagulation therapy
are scanty and are in the form of isolated case reports.
The consensus statements on neuraxial anesthesia and
systemic anticoagulation, including oral anticoagulants,
heparin, and thrombolytic-fibrinolytic therapy published
by the American Society of Regional Anesthesia,60 can be
applied to any regional anesthetic technique. Placement
of blocks and removal of catheters in patients receiving
these anticoagulation therapies may increase the risk
of hematoma and neurologic dysfunction. Close monitor-
ing of anticoagulated patients undergoing peripheral
nerve blocks for early signs of neural compression such
as pain, weakness, and numbness may help in early detec-
tion and timely intervention to prevent neurologic
sequelae from compression caused by hematoma.
AREAS OF UNCERTAINTY

Many peripheral neuropathies occur in the absence of
a definite mechanism of nerve injury. Some of the areas
of uncertainty with regard to causation and prevention
of perioperative peripheral neuropathy are as follows:

1. Padding of superficial nerves: Conventional wisdom dic-
tates that the superficial peripheral nerves can be pro-
tected from injury by the use of protective padding
(e.g., foam sponges, towels, blankets, soft gel pads);
however, there are no data to suggest that any of these
materials are more protective than the others or that
any of them are better than none at all.

2. Frequent change of position: Prolonged duration in one posi-
tion is associated with increased risk of neurologic
injury,29,31 and limiting the time spent in one position
decreases this risk.32 The ASA Task Force on Prevention
of Perioperative Peripheral Neuropathies recommended
periodic perioperative assessments of the position of
extremities to ensure maintenance of desired position
and reduce the incidence of neuropathies (see Table 32-1).6

3. Electrophysiologic monitoring: Electrophysiologic studies,
such as somatosensory evoked potentials (SSEP) and
electromyography, can detect changes in nerve func-
tion in the perioperative period.61 The nonspecificity
and poor sensitivity of SSEP in predicting postopera-
tive neurologic deficits, combined with time, cost, and
personnel issues involved in SSEP monitoring, make
the role of SSEP questionable as a routine monitor.
4. Elicitation of paresthesia for regional blocks: Although
early studies suggested an increased risk of postblock
neurologic dysfunction with elicitation of paresthesia,41

this relationship has not been subsequently proven,43,47

and it requires further study.
5. Ultrasound guidance for regional blocks: Ultrasound guid-

ance may be more sensitive than elicitation of paresthe-
sia or obtaining a motor twitch to electrical stimulation
when localizing peripheral nerves.57 Although ultra-
sound may help in reducing the incidence of intra-
neural injection, the clinical significance of intraneural
injection in causation of nerve dysfunction remains
debated.56
AUTHORS’ RECOMMENDATIONS
AND GUIDELINES

A summary of the consensus of the ASA Task Force on
Prevention of Perioperative Peripheral Neuropathies is
given in Table 32-1.6 However, the protective effect of
these recommendations on the development of post-
operative neuropathies reflects the consensus opinion of
anesthesiologists, not randomized controlled trials, and
remains unproven. At this time, the authors agree with
the current ASA Guidelines.
AUTHORS’ RECOMMENDATIONS

Many peripheral neuropathies, especially ulnar neuropathy, are
not currently preventable. Further scientific research may shed
more light on the genesis of postoperative nerve dysfunction
and measures aimed at preventing this complication. Based on
available evidence, specific steps should be taken to minimize
compression, stretching, ischemia, and trauma to the peripheral
nerves (see Table 32-1).6 When positioning and padding the
extremities, direct compression of the superficial peripheral
nerves should be avoided, and the limbs should be positioned
so that any compressive forces that must be placed on the nerves
are distributed over as large an area as possible. It is advisable to
define the patient’s preoperative condition and the normally tol-
erated limits of stretch in the limbs. Then, avoid any stretching
over these limits while the patient is anesthetized. A description
of the intraoperative positioning and measures aimed at prevent-
ing peripheral nerve dysfunction should be documented in the
anesthetic record.
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33
 When Is Forced-Air Warming
Cost-Effective?

Andrea Kurz, MD
INTRODUCTION/BACKGROUND

Core body temperature is one of the most tightly regu-
lated human physiologic parameters. The thermoregu-
latory system usually maintains core body temperature
within 0.2�C to 0.4�C �of “normal” (about 37.8�C in
humans).1 Nonetheless, hypothermia commonly develops
in patients during anesthesia and surgery because anes-
thetics inhibit thermoregulation and patients are exposed
to a cold operating-room environment.1,2 Hypothermia is
associated with severe complications, which can be avoided
by actively warming patients in the perioperative period.
Hypothermia-related complications are associated with sig-
nificant cost of care. This article reviews anesthesia-related
aspects of hypothermia, and evaluates the effectiveness
of active warming in the perioperative period.

Anesthetic-induced thermoregulatory inhibition is
dose dependent, and it impairs vasoconstriction and shiv-
ering. Opioids3 and the intravenous anesthetic propofol,4

as well as alpha-2 agonists such as dexmetedomidine, lin-
early decrease the vasoconstriction and shivering thresh-
olds. In contrast, volatile anesthetics, such as isoflurane5

and desflurane,6 decrease cold responses nonlinearly.
Typical anesthetic doses increase the interthreshold
range (core temperatures not triggering thermoregulatory
defenses) approximately twentyfold from its normal
value near 0.2�C. As a result, anesthetized patients are
poikilothermic over an approximately 4�C range of core
temperatures and thus develop hypothermia.

Regional anesthesia impairs both central and periph-
eral thermoregulatory control. This peripheral inhibition
of thermoregulatory defenses is a major cause of hypo-
thermia during regional or combined regional/general
anesthesia.7,8
OPTIONS

Thermal management can be performed by means of
passive methods, which mainly decrease cutaneous heat
loss, and active warming methods, which actively transfer
heat into the body (Figure 33-1).

Passive Warming

Heat loss through radiation accounts for roughly 60%
of the total perioperative heat loss. Operating room tem-
peratures determine the rate at which metabolic heat is
lost through radiation and convection from the skin and
by evaporation from within surgical incisions. However,
room temperatures exceeding 23�C are generally required
to maintain normothermia in patients undergoing all but
the smallest procedures.9 Increasing ambient temperature
is thus rarely a practical way of keeping surgical patients
warm.

Thermal insulators readily available in most operating
rooms include cotton blankets, surgical drapes, plastic
sheeting, and reflective composites (“space blankets”).
A single layer of each reduces heat loss by approximately
30%, and there are no clinically important differences
among the insulation types.10 Passive warming decreases
perioperative heat loss, but does not actively transfer heat.

Active Warming

Convective Warming

Forced-air warming is the most common perioperative
warming system. The best forced-air systems eliminate
loss of metabolic heat and even transfer heat across the
skin surface (approximately 50 watts).11 Forced-air warm-
ing usually maintains normothermia even during large
operations,12 and it is superior to circulating-water mat-
tresses placed underneath the patient.13 It is probably the
most cost-efficient warming system that is currently
available.

Forced-air warming might be insufficient for maintain-
ing normothermia in very large surgical procedures, nota-
bly liver transplantation, off-pump coronary artery bypass
(OPCAB) surgery, polytrauma, and major abdominal
surgery in lithotomy position.14,15

Conductive Warming

Circulating-water mattresses placed over or around
patients can almost completely eliminate metabolic heat
loss.11 Recently developed circulating-water garments,
such as the Allon thermoregulation system and the Arctic
Sun temperature-controlling adhesive pad system, trans-
fer large amounts of heat by increasing the warmed sur-
face area or using materials that facilitate conduction.16,17

Resistive heating electrical blankets are reusable blan-
kets driven by carbon fiber warming and are almost
as effective as forced-air warming.14,15

Conductive warming transfers slightly more heat
than convective warming. However, it is associated with
greater costs.
219
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Figure 33-1. Relative Effects of Warming Methods on Mean Body Temperature (DMBT) as a Function of Time (Upper Portion) or Adminis-
tered Fluid (Lower Portion). Mean body temperature (MBT) is the average temperature of body tissues, and is usually somewhat less than core
temperature. The calculations assume an undressed 70-kg patient with a metabolic rate of 80 kcal/hr, in thermal steady state with a typical 21�C
operating room environment. (a–d) Changes in MBT per liter of administered blood or crystalloid at various fluid temperatures. (e) Inspiring
warmed, humidified gas. (f, g) Warmed or unwarmed blankets, with all skin below the neck covered. Savings are similar with a single layer
of other passive insulators. (h) Full-length circulating-water mattress. (i) Full-length forced-air warmer. (From Sessler DI: Consequences and treat-
ment of perioperative hypothermia. Anesth Clin North Am 1994;12:425-456.)
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Endovascular Warming

Internal warming is probably the most efficient heat trans-
fer method because it applies heat directly to the body
core. Endovascular warming consists of a heat-exchanging
catheter, usually inserted into the inferior vena cava via
the femoral vein, and a servo-controller. They transfer
heat into and out of the body in the range of 400 to 700
watts and thus are very efficient in warming and cooling
patients. However, this warming method is invasive and
very expensive and thus should be used only in patients
in whom conductive or convective warming is insuffi-
cient, such as major trauma.
Core Temperature Monitoring

Whenever cooling orwarming is performed in perioperative
or critically ill patients it is essential to monitor
core temperature. Several recommendations state that core
temperature should bemonitoredwhenever anesthesia time
exceeds 30 minutes (American Society of PeriAnesthesia
Nurses [ASPAN], Italien Guidelines). The most accurate
way to monitor core temperature is the pulmonary artery
temperature. Because this is a highly invasive and not com-
monly used monitoring device, esophageal temperature in
anesthetized patients and tympanic temperature in awake
patients are excellent substitutes. However, even bladder
or rectal temperature, as well as oral temperature, can be
used, as long as the user is aware of the limitations of such
devices. Newer devices such as infrared tympanic thermo-
meters or temporal artery thermometers need to be viewed
with caution because of their limited accuracy or user-
dependent high variability.

Despite all the available warming and monitoring meth-
ods, it remains unknown to what extent thermal manage-
ment has improved over the past decade or what degree
maintenance of perioperative normothermia has actually
become part of clinical practice. Ratnaraj and colleagues16
evaluated patients’ core temperature in the postanesthesia
care unit (PACU) and noted that their hypothermia was
still commonly observed in the operation room and PACU.
Furthermore, a recent survey of 800 European hospitals
showed that approximately 40% of patients receive active
warming and in only 25% of patients temperature was
monitored.17
EVIDENCE

Complications of Hypothermia
and Economic Aspects

Even mild hypothermia is associated with numerous com-
plications in the perioperative period. However, despite
the well-documented ability of forced-air warming to
maintain normothermia, it is still debated whether this
technique results in a net increase or decrease in costs.
Perioperative temperature management deserves the same
cost/benefit calculations as other medical treatments. The
discussion of costs associated with thermal management
has two main components: (1) the cost of active warming
and temperature monitoring and (2) the cost savings asso-
ciated with decreased postoperative complications due to
maintenance of perioperative normothermia.

Cost of Active Warming and Temperature
Monitoring

The use of forced-airwarming is associatedwith costs for the
disposable blankets. In general, costs of disposable warming
blankets have decreased over time and are now a fewdollars
per blanket. Furthermore, reusable warming modalities
make active warming of patients even more cost efficient.

Circulating water garments are more expensive as
compared with forced-air warming. However, heat trans-
fer is more efficient with these devices and thus the



Chapter 33 When Is Forced-Air Warming Cost-Effective? 221
additional costs are probably justified, specifically for
extensive surgeries (e.g., cardiac surgery, transplantation,
or trauma surgery).

Endovascular warming is probably the most expensive
way of warming patients, with unit costs of up to $20,000
and catheter costs of $800 to $1,500. This type of warming
transfers up to 600 watts and thus provides the most rapid
rewarming technique. Furthermore internal warming
does not depend on available surface area and is thus
indicated for patients in whom only little skin surface
area is available for active warming.

Costs Associated with Hypothermia-related
Complications

Many studies have investigated the adverse consequences
of perioperative hypothermia such as prolonged drug
action, prolonged postoperative recovery, increased dura-
tion of hospitalization, increased incidence of postopera-
tive surgical infections, increased perioperative blood
loss, and adverse myocardial outcomes (Table 33-1).

All these consequences of hypothermia are associated
with increased cost of care. For example, prolonged drug
action leads to delayed extubation and also to prolonged
duration of postoperative recovery; 2�C of hypothermia
increases duration of action of vecuronium by 60%; and
Table 33-1 Consequences of Mild Perioperative and

Consequence Author N DT

Surgical wound infection Kurz et al.18 200 1.9

Duration of hospitalization Kurz et al.18 200 1.9

Lymphocyte proliferation at 24 hr
postanesthesia

Beilin et al.19 60 1.0

Allogeneic transfusion requirement Schmied et al.20 60 1.6

Intraoperative blood loss Schmied et al.20 60 1.6

Intraoperative blood loss Winkler et al.21 150 0.4

Intraoperative blood loss Widman et al.22 46 0.5

Intraoperative blood loss Johansson et al.23 50 0.8

Urinary excretion of nitrogen Carli et al. 12 1.5

Trauma mortality rate at 24 hr Gentilello et al.25 57 1.0

Duration of vecuronium Heier et al. 20 2.0

Keo for vecuronium Caldwell et al.27 12 2.0

Duration of atracurium Leslie et al.28 6 3.0

Postoperative shivering Just et al. 14 2.3

Duration of postanesthetic recovery Lenhardt et al.30 150 1.9

Thermal discomfort Kurz et al. 74 2.6

*Only prospective randomized human trials are included. Observers blinded to tre
number of subjects. DTcore is difference in core temperature between treatment
is defined as the change in the R-R interval of the ECG (ms, milliseconds) per
measures radioactivity (after addition of titrated thymidine and cell activation,
VAS is a 100-mm-long visual analog scale (0 mm intense cold, 100 mm intense
3�C of hypothermia increases propofol plasma levels by
30%. Furthermore, theMACof inhalational agents decreases
by 15% with each degree of hypothermia.

In a prospective cost-finding study, forced-air warming
was compared with routine thermal care in 100 patients
undergoing general anesthesia. The time from completion
of surgical dressing until tracheal extubation was signifi-
cantly reduced in the forced-air warming group (10 � 1
minute compared with 14 � 1 minute; mean � standard
error of mean (SEM); p<0.01).32 Another study in 50 ortho-
pedic patients compared the effects of passive thermal
insulation with forced-air active warming on the efficacy
of normothermia maintenance and time for discharging
from the recovery room after combined spinal/epidural
anesthesia. Core temperatures in actively warmed patients
were approximately 1�C higher at the end of surgery.
Achievement of both discharging criteria and normo-
thermia required 32 � 18 minutes in the active group and
74 � 52 minutes in the passive group (p <0.0005).33 This
study is consistent with a study by Lenhardt and collea-
gues,30 who also showed delayed recovery in hypothermic
patients undergoing colon surgery. Using a modified
Aldrete score (which included core temperature) the authors
showed thatmeanduration in the PACUwas approximately
30 minutes in normothermic patients whereas it was
120 minutes in hypothermic patients (Figure 33-2).
Perianesthetic Hypothermia*

core (�C) Normothermic Hypothermic P

6% 19% <0.01

12.1 � 4.4 days 14.7 � 6.5 days <0.01

4800 CPM 2750 CPM <0.05

1 unit 8 units <0.05

1.7 � 0.3 L 2.2 � 0.5 L <0.001

488 mL 618 mL <0.005

516 � 272 mL 702 � 344 ml <0.05

665 � 292 mL 698 � 314 mL NS

982 mmol/day 1798 mmol/day <0.05

-2.0 7% 43% <0.05

28 � 4 min 62 � 8 min <0.001

0.20 min�1 0.15 min�1 <0.05

44 � 4 min 68 � 7 min <0.05

141 � 9 mL.
min�1.m�2

269 � 60
mL.min�1.m�2

<0.001

53 � 36 min 94 � 65 min <0.001

50 � 10 mm VAS 18 � 9 mm VAS <0.001

atment group and core temperature evaluated subjective responses. N is total
groups. Outcomes of studies are shown on separate rows. Baroflex sensitivity
1 mm Hg change in systolic blood pressure. CPM is counts per minute and
the amount of radioactivity is proportional to the number of dividing cells19).
heat).
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Figure 33-2. Kaplan-Meier “Survival” Analysis (a) Kaplan-Meier “survival” analysis showing the percentage of patients not sustaining a
recovery score �13. The p value, using a Wilcoxon analysis, was less than 0.0001. (b) Kaplan-Meier “survival” analysis showing the percentage
of patients not sustaining a recovery score �13 and a core temperature >36�C. The p value, using a Wilcoxon analysis, was less than 0.0001.
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However, maintenance of normothermia not only
affects intraoperative anesthetic factors but even more
so postoperative surgical complications, which signifi-
cantly affect cost of care. Maintenance of normothermia
decreases postoperative wound infections by 60%. Wound
infections are serious and costly complications of anesthe-
sia and surgery as they might require extra treatment and
furthermore can prolong duration of hospitalization.18,34

Based on recent studies, the number needed to treat in
regard to wound infection is eight patients to avoid one
infection. Specifically in critical patient populations, such
as the morbidly obese, wound infections are a major cause
of postoperative morbidity and mortality.

Furthermore, hypothermia increases perioperative blood
loss and transfusion requirements. Each degree of hypother-
mia increases blood loss by approximately 280 mL.20

A recent meta-analysis shows that hypothermia increases
blood loss by approximately 16% and increases periopera-
tive transfusion requirements by 20% (Figure 33-3).35

In another study blood loss and transfusion requirements
were less in the actively warmed patients, who also had a
shorter duration of stay in the PACU (94 [SD 42] minutes
versus 217 [169] minutes; p �0.01) and a 24% reduction in
Summary Treatment ef

Study Normothermic
n/N (%) R

0.7

Hypothermic
n/N (%)

Schmied
Winkler

Widman
Hofer

Johansson
Kurz
Bock
Hohn

Nathan
Smith

1/30 (3%)
29/75 (39%)
9/22 (41%)
5/29 (17%)

15/25 (60%)
23/104 (22%)

3/20 (15%)
17/43 (40%)
23/73 (32%)

2/31 (6%)

7/30 (23%)
40/75 (53%)
11/24 (46%)
11/29 (38%)
13/25 (52%)
34/96 (35%)
9/20 (45%)

18/43 (42%)
24/71 (34%)

1/30 (3%)

0.1
0.7
0.8
0.4
1
0

0.3
0.9
0.9

1.94

Figure 33-3. Transfusion Meta-analysis and Forest Plot Treatment effec
hypothermic patients. Normothermia is associated with 22% less risk of
total anesthetic costs.33 Perioperative transfusions are asso-
ciated with considerable postoperative morbidity. It is
important to recognize that hypothermia adds to the cost
of blood products, but more important, it causes blood
product–related and costly complications such as post-
operative infections, organ failures, cancer recurrence, and
increased mortality risk.36-48

Even fairly expensive warming therapies, such as the
use of a flexible adherent hydrogel matrix combined with
a conductive water delivery system to provide uninter-
rupted skin contact, prove cost efficient in specific patient
populations. Several studies have not only shown the
effectiveness of these devices in preventing or treating
perioperative hypothermia15,49-54 (Figure 33-4), but also
the effect of normothermia on improved outcome. Those
devices transfer an enormous amount of heat over small
surface areas and are thus helpful in large operations,
where little skin surface is available for warming (e.g.,
cardiovascular operations).

A meta-analysis by Fleisher and colleagues55 addressed
the following questions: (1) Is the difference in adverse
patient outcomes between normothermic andmildly hypo-
thermic patient groups significant across studies and
Favors
hypothermic

Favors
normothermic

fect P = 0.027

Outcome
R (95% CI)

8 ( 0.63, 0.97)

0.1 1.0 2.03.04.0

4 (0.02, 1.09)
3 (0.51, 1.03)
9 (0.46, 1.73)
5 (0.18, 1.14)
.15 (0.7, 1.89)
.62 (0.4, 0.98)
3 (0.11, 1.05)
4 (0.57, 1.57)
3 (0.58, 1.49)
 (0.19, 20.24)

t expressed as the relative risk of transfusion in normothermic versus
transfusion than hypothermia (95% CI 3%, 37%, p ¼ 0.027.)
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within studies? (2) What is the magnitude of the difference
in adverse patient outcomes across studies? (3) What are
the costs resulting from the difference in adverse patient
outcomes? (4) Does a significant difference exist in effective-
ness of modality for maintaining intraoperative normo-
thermia? The results of this meta-analytic study provide
evidence that the difference in adverse patient outcomes
between the normothermic and mildly hypothermic
patients is significant across studies for all adverse outcomes
examined (see Table 33-1). In addition, a significant differ-
ence in effectiveness between warming modalities was
found. A significant increase in the risk of costly complica-
tions occurred when patient temperatures dropped a mean
of 1.5�C. For example, patients who become mildly hypo-
thermic are much more likely to receive blood transfusions
and to develop infections; both these outcomes result
in increased costs. The cost of preventing intraoperative
hypothermia is much less than the cost of treating the
adverse outcomes that affect patients experiencing intra-
operative hypothermia. Meta-analytic results show that
hypothermia averaging only 1.5�C less than normal resulted
in cumulative adverse outcomes adding between $2,500 and
$7,000 per surgical patient to hospitalization costs across a
variety of surgical procedures. Intraoperative normother-
mia in this meta-analysis was maintained most effectively
with the use of forced-air warming.55

Taken together, many warming devices are available to
ensure maintenance of perioperative normothermia.
Forced-air warming is the most commonly used warming
device because it is efficient, is easy to use, and has been
proven to prevent major complications related to periop-
erative hypothermia. The costs of forced-air warming are
negligible as compared with the related complications.

GUIDELINES

Optimization of health care cost and quality is possible.
The Premier’s Performance Pays study proves that when
evidence-based processes are delivered, quality is higher
and costs are lower. Clinical performance measures, such
as “maintenance of perioperative normothermia,” devel-
oped by the American Society of Anesthesiologists and
the Physician Consortium for Performance Improvement
were designed for individual quality improvement.

Rationale for Maintenance of Normothermia

Anesthetic-induced impairment of thermoregulatory con-
trol is the primary cause of perioperative hypothermia.
Even mild hypothermia (1�C to 2�C below normal) has
been associated in randomized trials with a number of
adverse consequences. Several methods to maintain nor-
mothermia are available to the anesthesiologist in the peri-
operative period; various studies have demonstrated the
superior efficacy of forced-air warming and warm water
garments.

Measuring Maintenance of Normothermia

Percentage of patients, regardless of age, undergoing sur-
gical or therapeutic procedures under general or neuraxial
anesthesia of 60 minutes’ duration or longer for whom
either active warming was used intraoperatively for the
purpose of maintaining normothermia, or at least one
body temperature equal to or greater than 36�C (96.8�F)
was recorded within the 30 minutes immediately before
or the 30 minutes immediately after anesthesia end time.
“Active warming” is limited to forced-air warming and
warm water garments.

Suggested Preoperative Patient Management

Assessment

Identify the patient’s risk factors for unplanned periop-
erative hypothermia. Measure patient temperature on
admission. Determine the patient’s thermal comfort level.
Assess for other signs and symptoms of hypothermia
(shivering, piloerection, and/or cold extremities).

Interventions

Institute preventive warming measures for patients who
are normothermic (normothermia is defined as a core
temperature range from 36�C to 38�C [96.8�F to 100.4�F]).
A variety of measures may be used, unless contraindi-
cated. Passive insulation may include warmed cotton
blankets, socks, head covering, limited skin exposure,
circulating water mattresses, and increased ambient room
temperature (minimum 68�F to 75�F). Institute active
warming measures for patients who are hypothermic
(defined as a core temperature less than 36�C). Active
warming is the application of a forced-air convection
warming system. Consider warmed intravenous (IV)
fluids.

Intraoperative Patient Management

Assessment

Identify the patient’s risk factors for unplanned perioper-
ative hypothermia. Determine the patient’s thermal com-
fort level, if applicable (ask the patient if he or she is
cold). Assess for other signs and symptoms of hypother-
mia (shivering, piloerection, and/or cold extremities).
Monitor the patient’s temperature intraoperatively.
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Intervention

Implement active warming methods. Maintenance of
body temperature in a normothermic range is recom-
mended for most procedures other than during periods
in which mild hypothermia is intended to provide organ
protection (e.g., during high aortic cross-clamping).
AUTHOR’S RECOMMENDATIONS

l Hypothermia is common during anesthesia and surgery.
l Hypothermia develops because of anesthetic-induced
impairment of thermoregulatory control paired with cold
operating room environment and heat loss via the surgical field.

l Hypothermia-related complications are severe: prolonged drug
action, increased blood loss, increased transfusion require-
ments, wound infections, prolonged duration of hospitalization,
and adverse myocardial events.

l All patients having surgery longer than 30 minutes should be
actively warmed and core temperature should be measured.

l Active warming with convective and conductive warming
maintains perioperative normothermia.
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ACUTE KIDNEY INJURY

Acute kidney injury (AKI) is a clinical syndrome that
reflects the clinical manifestation of isolated or multiple
insults to the kidney. The degree of renal damage ranges
from the trivial, that is, a transient increase in serum creat-
inine (SCr) or decrease in urine output, to the profound,
that is, established acute renal failure (ARF) requiring
renal replacement therapy (RRT). A consensus definition
of AKI by a multinational expert panel, the Acute Dialysis
Quality Initiative Group (ADQI),1 attempts to standardize
the classification and reporting of AKI (Table 34-1). The
classification is based on the degree of elevation of SCr or
calculated glomerular filtration rate (GFR), severity and
duration of oliguria, and the requirement for RRT. The
acronym RIFLE serves to organize a hierarchy of severity
of AKI into risk of injury (R), acute injury (I), established
failure (F), sustained loss of function (L), and end-stage
renal disease (E).

A consensus definition of ARF in critically ill patients
such as RIFLE is long overdue, given that more than 30
different definitions can be found in the literature. How-
ever, there are some important caveats. RIFLE does not
take into consideration that about three-quarters of ARF
is nonoliguric in nature2; that acute changes in GFR may
not be reflected by rapid changes in SCr

3; or that SCr may
increase slowly and subtly in patients with depleted mus-
cle mass.4 It was also not designed to examine the specific
AKI associated with surgery, and may not be as useful for
anesthesiologists as a criterion such as peak percentage
change in postoperative SCr.5 Nonetheless, there have
been several investigations of the predictive ability, inter-
nal validity, robustness, ease of application, and clinical
relevance of RIFLE in a variety of settings.6-12 These retro-
spective and prospective studies demonstrate a broad cor-
relation between the RIFLE severity and overall mortality
rate from AKI. It appears that the RIFLE classification is
easy to use; identifies patients with early signs of dysfunc-
tion that may progress to more severe renal disease; and
can identify patients of different mortality risk. However,
the RIFLE criteria have yet to be used in large multicenter
randomized controlled clinical trials in a wide variety
of patient populations.

Perioperative AKI, characterized by postoperative
elevation of SCr, is generally uncommon. However, it has
a predilection for certain surgical procedures, particularly
vascular surgery involving aortic manipulation, where the
incidence is between 10% and 25%.13-15 One study
demonstrated a relatively static incidence over a 12-year
period.15 The risk of AKI is enhanced by nephrotoxic
factors such as obstructive jaundice or exposure to radio-
contrast agents (Table 34-2).16 Regardless of its etiology,
pathogenesis, or requirement for RRT, postoperative
AKI is associated with increased length of hospital
stay, increased mortality rate, and impaired quality of
life.13,14,17-19

A considerable research effort has been marshaled to
evaluate perioperative interventions to protect the
kidneys when they are placed at risk by preexisting
impairment, nephrotoxins, renal ischemia, and the inflam-
matory process. Preventive strategies have focused on
preoperative optimization of renal function, judicious
perioperative fluid balance, and “renoprotective” pharma-
cologic agents. However, given the wide variety of renal
insults that contribute to perioperative AKI, outcome
studies of therapeutic interventions have addressed only
a limited territory of perioperative renal protection.

These strategies appear to have had some benefit
because although the incidence of postoperative AKI has
been increasing over the last two decades, the mortality
rate of ARF requiring RRT is decreasing. For example, a
study on coronary artery bypass grafting (CABG) in a
sample of 20% of U.S. hospitals revealed an increase in
incidence of postoperative ARF from 1% to 4% between
1988 and 2003.20 However, the proportion of cases requir-
ing RRT declined from about 16% to less than 9%, and
mortality rate declined from nearly 40% to less than
18%. These figures may be influenced by less stringent
criteria for the diagnosis of ARF, but the proportion of
survivors requiring special care after discharge almost
doubled from 35% to 65%, emphasizing the increasing
burden of perioperative AKI on our health care system.



Table 34-1 Risk, Injury, Failure, Loss, and End-stage Kidney (RIFLE) Classification1

Class SCr Increase GFR Decrease Oliguria (UO <0.5 mL/kg/hr)

Risk �1.5 >25% >6 hours

Injury �2 >50% >12 hours

Failure �3 (or >4 mg/dL, with an acute increase >0.5 mg/dL) >75% >24 hours (or anuria >12 hours)

Loss ARF >4 weeks

ESRD ARF >3 months

ARF, acute renal failure; GFR, (calculated) glomerular filtration rate; SCr, serum creatinine; UO, urine output.
RIFLE class is determined based on the worst of either SCr, GFR, or UO criteria. SCr change is calculated as an increase of SCr above baseline SCr. Acute kidney injury

should be both abrupt (within 1-7 days) and sustained (>24 hours). When the baseline SCr is not known and patients are without a history of chronic
kidney insufficiency, it is recommended to calculate a baseline SCr using the Modification of Diet in Renal Disease (MDRD) equation for assessment of kidney
function, assuming a GFR of 75 mL/min/1.73M2. When the baseline SCr is elevated, an abrupt increase of at least 0.5 mg/dL to >4 mg/dL is all that is
required to achieve the class of Failure.

Table 34-2 Risk Factors for Developing
Perioperative Renal Failure16

Cardiac surgery

l Preexisting renal insufficiency
l Emergency procedures
l Sepsis
l Prolonged cardiopulmonary bypass
l Postoperative cardiac dysfunction

Vascular surgery

l Preexisting renal insufficiency
l Postoperative dye studies
l Sepsis
l Aortic cross-clamp

l Direct renal ischemia
l Myocardial ischemia, low cardiac output
l Declamping hypotension

l Renal artery atheromatous embolization
l Ruptured aortic aneurysm
l Biliary tract and hepatic surgery including liver transplantation

Kidney transplantation
Urogenital surgery
Complicated obstetrics
Major trauma

l Direct renal trauma
l Hemorrhagic shock
l Massive blood transfusion
l Elevated intraabdominal pressure
l Rhabdomyolysis
l Sepsis and multiorgan dysfunction syndrome
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Perioperative Risk Factors for Acute
Kidney Injury

An isolated risk factor or insult rarely induces AKI.
Inevitably, AKI is the consequence of the complex, often
sequential interaction of multiple factors. Indeed, AKI
may be the final common pathway of a confluence of
factors such as preexisting renal insufficiency or a genetic
predisposition, high-risk surgery, compromised hemo-
dynamic function, nephrotoxic insults, and acute inflam-
mation. It is little wonder that no single intervention has
been shown to be the “magic bullet” that prevents AKI.
Patient Factors

Patient factors demonstrated to be associated with an
increased risk of the development of postoperative AKI
include advanced age, hypertension, diabetes mellitus,
ventricular dysfunction, sepsis, hepatic failure, and
chronic kidney disease (CKD). Because CKD also has
various definitions, the association between preoperative
CKD and postoperative AKI is difficult to quantify accu-
rately, but it is strong.21-23 Poorly controlled diastolic
hypertension is an established risk factor for AKI, but
wide pulse pressure hypertension (isolated systolic
hypertension) is independently associated with worsened
renal function after cardiac surgery.24

Genetic polymorphisms may also play a role in the
predisposition to AKI. The Duke group demonstrated a
negative association between possession of the apolipo-
protein E4 allele and postoperative increase in SCr in a
prospective study on 564 patients undergoing CABG.25

This renal protective effect is interesting because the
same polymorphism is associated with atherosclerotic
disease and an increased risk of perioperative neurologic
impairment.25,26

Intraoperative Factors

Ischemia and Inflammation. Ischemia-Reperfusion Injury.
Although the renal medulla receives less than 10% of
renal blood flow (RBF), the medullary process of urinary
concentration has a high metabolic requirement. Any
compromise to RBF increases the regional perfusion
imbalance and renders the medulla ischemic. Compro-
mise may result from aortic occlusion, atheromatous
embolism, hypotension, low blood flow states, and
hypovolemia.

Suprarenal aortic cross-clamping creates an ischemia-
reperfusion injury and self-limited acute tubular necrosis
(ATN) that takes up to 48 hours to recover.3 Injury is
exacerbated by the proinflammatory cytokine liberation
that follows reperfusion. Infrarenal aortic cross-clamping
also significantly compromises RBF, most likely through
reflex renal vasoconstriction.27

Atheromatous renal artery embolism is a devastating
complication that may be provoked by trauma as trivial
as coughing; aortic and renal angiography; manipulation
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of the renal arteries by the proximate application of the
cross-clamp; or by placement of an endovascular graft.
Patchy or confluent renal infarction can occur that is usu-
ally irreversible.
The Inflammatory Response. Ischemia-reperfusion injury
provokes an inflammatory response that may be more
detrimental than the original ischemic insult itself. Major
surgery itself provokes inflammation. A cascade of stress
responses are elicited, mediated by the release of various
cytokines and stress hormones, culminating in the sys-
temic inflammatory response syndrome (SIRS). The
kidneys sequester proinflammatory cytokines and may
be damaged by them. SIRS is activated to a variable
degree in all patients who undergo cardiopulmonary
bypass (CPB) and in many who undergo major
operations.28,29

Gut ischemia and portal endotoxemia frequently com-
plicate major aortic surgery. The insult appears to be more
frequent in patients who undergo surgery via the intra-
peritoneal abdominal aorta than the endovascular
approach.30 Endotoxin and other activated cytokines
cause afferent arteriolar constriction, mesangial contrac-
tion, and direct tubular injury that diminish RBF, GFR,
sodium excretion, and urine flow.31 Compared with open
aortic repair, endovascular techniques require shorter aor-
tic occlusion times and are associated with a diminished
acute-phase response and proinflammatory surge.32

Glucose Homeostasis. Abnormal glucose homeostasis
(hyperglycemia) is characteristic of the acute inflammatory
response and is exacerbated by the perioperative adminis-
tration of high-dose steroids, for example, in patients
undergoing transplantation. Strict perioperative glycemic
control has been advocated in the intensive care setting on
the basis of data indicating improved survival with a
concomitant decrease in the incidence of ARF.33–35 In one
study evaluating persistent intraoperative hyperglycemia
despite an insulin protocol, hyperglycemia was associated
with worsened renal outcomes.36 However, in another ran-
domized, controlled trial in patients undergoing cardiac
surgery, tight glucose control did not reduce the incidence
of perioperative ARF.37 Presently, it is unclear whether
intraoperative hyperglycemia is simply a marker of acute
illness or whether it is a reversible, treatable, and indepen-
dent effector of renal outcome.
Nephrotoxins. Renin-Angiotensin System–Blocking Drugs.
Drugs that block the renin-angiotensin system include
the angiotensin-converting enzyme (ACE) inhibitors and
the selective angiotensin-II receptor antagonists. These
groups of drugs have become well established in the
treatment of hypertension and promote beneficial cardiac
remodeling in congestive heart failure (CHF). As such,
they may prevent the progression of chronic renal disease.

However, angiotensin release is an important pro-
tective mechanism that induces efferent renal arteriolar
constriction in states of decreased RBF or perfusion pres-
sure. The presence of ACE inhibitors or angiotensin-II
receptor antagonists may impair the maintenance of RBF
and GFR when renal perfusion is compromised. In one
prospective study of 249 patients undergoing aortic sur-
gery, chronic preoperative ACE inhibitor administration
was the only factor independently associated with a 20%
decline in GFR after surgery.38
Aprotinin. Aprotinin is an inhibitor of endogenous serine
proteases such as kallikrein and plasmin. Its effectiveness
in decreasing bleeding after cardiopulmonary bypass
(CPB)—through its antifibrinolytic action and platelet
stabilization—was established more than 20 years ago.39

Numerous observations have suggested that aprotinin
administration is associated with elevations in postopera-
tive SCr,

40-42 likely mediated through its effects on kinin
pathways and subsequent alteration of intrarenal hemo-
dynamics.43,44 Aprotinin may cause vasoconstriction of
the afferent arteriole, which reduces glomerular perfusion
pressure and renal excretory function. Indeed, there
may be a deleterious interaction of ACE inhibitors and
aprotinin on renal function when neither drug alone has
any effect. 45

Two retrospective observational reports published in
2006 evoked much debate. They indicated that significant
increases in adverse postoperative events, including renal
failure, occurred with aprotinin, while the reduction
in blood loss was no better than simpler, safer antifibrino-
lytic agents such as episilon aminocaproic acid or tranexa-
mic acid.46,47 In contrast, meta-analyses of 13 randomized,
controlled trials that reported data on AKI published
before these observational studies failed to show an
adverse effect of aprotinin on renal or other organ func-
tion.48,49 This dichotomy may be resolved by the results
of a Canadian study that is the largest blinded, rando-
mized, controlled trial of antifibrinolytic drugs in high-
risk cardiac surgery.50 At the time of writing the study
had been halted because of a higher mortality rate
in patients randomized to aprotinin, although specific
data have not been published, and the U.S. Food and
Drug Administration (FDA) has withdrawn the drug from
routine use.
Nonsteroidal Antiinflammatory Drugs. Nonsteroidal antiin-
flammatory drugs (NSAIDs) exert multiple renal effects.
Their inhibition of cyclo-oxygenase suppresses the forma-
tion of endogenous prostaglandins that induce afferent
arteriolar vasodilatation during situations of renal stress.
Thus administration of NSAIDs causes little harm when
renal circulation is normal,51 but may exacerbate renal
injury during low-flow states or in conjunction with other
nephrotoxic agents. Administration of NSAIDs has also
been implicated in interstitial and membranous nephritis
and minimal change protein leak disease. NSAIDs may be
harmful in conditions such as cirrhosis, CKD, and CHF
where maintenance of RBF is dependent on precapillary
vasodilation.
Calcineurin Inhibitors. In the early 1980s, the introduction
of supplemental immunosuppression by the calcineurin
phosphatase inhibitor, cyclosporine A, revolutionized
solid organ transplantation. It soon became apparent
that its benefit was limited by dose-dependent acute
nephrotoxicity, induced by afferent arteriolar vasocon-
striction.52 Subsequently, the importance of chronic neph-
rotoxicity was also appreciated, but the mechanisms are
more complex, involving the renin-angiotensin system,
endothelin, nitric oxide, and inflammatory activation.53

Another widely used calcineurin inhibitor, tacrolimus,
shares the propensity for nephrotoxicity, and its actions
on growth factor may promote fibrogenesis as a compo-
nent of chronic renal impairment.54



Table 34-4 Grades of Recommendations56

Grade Criteria

A Consistent Level 1 studies
B Consistent Level 2 or 3 studies or extrapolations* from

Level 1 studies
C Level 4 studies or extrapolations from Level 2 or 3

studies
D Level 5 evidence or troubling inconsistent or

inconclusive studies of any level

*Extrapolations are from data regarding renal failure obtained from studies
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Radiocontrast Media. The mechanism of nephrotoxicity of
radiocontrast media is multifactorial. They cause direct
cytotoxic injury, and their hyperosmolality crenates red cells
and causes microcirculatory obstruction. They induce
an imbalance of renal oxygen supply and demand,
by promoting acute vasoconstriction that impairs renal
medullary perfusion, while the osmotic load they induce
increases medullary oxygen consumption.55 Contrast mate-
rial filtered through the glomerulus precipitates in the renal
tubules and liberates damaging free oxygen radicals. The
risk of radiocontrast nephropathy (RCN) is greatly exacer-
bated by dehydration and hypovolemia, and the concomi-
tant administration of other nephrotoxic agents.
with a different clinical focus.
Options and Therapies

1. Optimize renal function preoperatively and minimize
nephrotoxic insults.

2. Minimize hemodynamic insults to the kidney.
a. Avoid prolonged aortic cross-clamping.
b. Maintain renal blood flow and perfusion pressure.
c. Avoid pharmacologic agents that may compromise

renal blood flow or increase the metabolic demand
of the kidney.

3. Consider pharmacologic renoprotective strategies.

Evidence

Overall, there are limited studies on prophylactic and
therapeutic interventions in patients at high risk for devel-
oping perioperative AKI. The majority of studies have
concentrated on RCN, and their findings may not be
applicable to perioperative AKI. Tables 34-3, 34-4 and
34-5 summarize and grade the evidence using established
criteria.56
Table 34-3 Levels of Evidence56

Level Type of Evidence

1a Systematic review (with homogeneity*) of RCTs
1b Individual RCT (with narrow confidence interval)
1c All or none{

2a Systematic review (with homogeneity*) of cohort studies
2b Individual cohort study (including low-quality RCT)
2c “Outcomes” research
3a Systematic review (with homogeneity*) of case-control

studies
3b Individual case-control studies
4 Case series (and poor-quality cohort and case-control

studies)
5 Expert opinion without explicit critical appraisal, or

based on physiology, bench research, or “first
principles”

*Homogeneity of both direction and degree of results between the individual
studies.

{When all patients developed renal failure before the therapy was available,
but now some do not; or when some patients developed renal failure
before therapy was available, but now none do.

RCT, randomized, controlled trial.
A Cochrane Database review of 37 studies of the pro-
tective renal effects of perioperative administration of
dopamine, diuretics, calcium channel blockers, ACE inhi-
bitors, or simple hydration concludes that certain inter-
ventions show some benefit, but that all the results
suffer from significant heterogeneity.57 The authors
deemed the evidence from available literature too unreli-
able for any conclusions to be drawn about the effective-
ness of these interventions in protecting the kidneys
from damage during surgery.

Hydration

Hypotheses regarding the impact of hydration on the
prevention of perioperative AKI—either a liberal versus
conservative strategy, or the superiority of one type
of crystalloid or colloid over another—have not been
subjected to randomized controlled trials.

However, there is considerable evidence that the single
most important protective measure to ameliorate RCN is
fluid loading and hydration before intravascular adminis-
tration of radiocontrast media.58-63 There is no agreement
on the minimal duration, optimal rate, and composition of
intravenous fluid administered. Administration of intrave-
nous isotonic saline for several hours before, during, and
after radiocontrast media injection is usually advocated.
One randomized controlled trial demonstrated a more
favorable impact on the incidence of RCN by the infusion
of isotonic sodium bicarbonate than sodium chloride.64

The mainstay of the prevention of AKI as a conse-
quence of rhabdomyolysis and myoglobinemia is the
early, aggressive administration of large quantities of
fluids. It is advocated that intravenous access be obtained
in the field in cases of traumatic crush injury and saline at
1.5 L/hr be infused.65 There is animal evidence that alka-
linization of the urine to a pH greater than 6.0 prevents
the conversion of myoglobin to toxic ferrihematin in the
renal tubules and further ameliorates the risk of AKI.
There is anecdotal evidence from wartime experience that
this approach can yield impressive benefits,66 but, per-
haps not unexpectedly, it has never been subjected to
randomized controlled human studies.

Some initial studies suggested that fluid therapy
guided by invasive hemodynamic monitoring via a pul-
monary artery catheter could provide renal protection
during open aortic aneurysm resection67,68; however,



Table 34-5 Summary of Renal Protective Strategies in Humans for High-risk Surgery

Study
Level of Evidence
(see Table 34-3) Type of Study Conclusions

Dopamine, Diuretics, Calcium Channel Blockers, Angiotensin-Converting Enzyme Inhibitors, Hydration Fluids

Zacharias
et al57

1a Systematic review Cochrane database: 37 studies. The results indicated that certain interventions showed some benefits, but all the results
suffered from significant heterogeneity. There is no evidence from this meta-analysis that interventions during surgery
thus far studied protect the kidneys from damage.

Dopamine

Kellum75 1a Systematic review Routine use of diuretics or dopamine for the prevention of acute renal failure cannot be justified on the basis of
available evidence.

Kellum &
Decker76

1a Systematic review No justification for the use of low-dose dopamine for the treatment or prevention of acute renal failure.

Marik77 1a Systematic review Dopamine demonstrates no renoprotective effect in patients at high risk of developing renal failure.

Bellomo
et al.73

1b Critically ill Large placebo-controlled RCT (n ¼ 328) of dopamine in critically ill patients with signs of sepsis. No differences in
peak creatinine need for renal replacement therapy or mortality.

Fenoldopam

Landoni
et al.85

1a Meta-analysis Meta-analysis of 1290 patients from 16 RCTs demonstrated that fenoldopam infusion is associated with decreased risk
of AKI, need for RRT, ICU length of stay, and in-hospital mortality rate.

Stone et al.84 1b RCN Prospective, multicenter, double-blind RCT (n ¼ 315) in patients with CrCl <60 mL/min undergoing angiography,
comparing fenoldopam to placebo for prevention of RCN (SCr increase >25%) within 96 hours. There were no
significant differences in RCN, 30-day mortality rate, dialysis, or rehospitalization.

Halpenny
et al.79

2b Cardiac surgery Small placebo-controlled RCT (n ¼ 31) of fenoldopam during cardiac surgery with CPB. The fenoldopam group was
spared decline in postoperative CrCl.

Halpenny
et al.80

2b Vascular surgery Small placebo-controlled RCT (n ¼ 28) of fenoldopam in patients undergoing infrarenal cross-clamping. Fenoldopam
was associated with postoperative maintenance of CrCl and prevention of deterioration of SCr.

Dopamine vs. Fenoldopam

Bove et al81 2b Cardiac surgery Prospective single-center, double-blind RCT (n ¼ 80). Fenoldopam or dopamine after the induction of anesthesia for a
24-hour period. No difference in clinical outcome.

Oliver et al82 2b Vascular surgery Single-center, double-blind RCT (n ¼ 60). Fenoldopam or dopamine with nitroprusside after the induction of
anesthesia in patients undergoing aortic cross-clamping. No difference in clinical outcome.

Furosemide

Kellum75 1a Systematic review Level 1 evidence exists against the use of diuretics for prevention of perioperative renal failure after vascular surgery.

Lassnigg
et al.86

1b Cardiac surgery Prospective (n ¼ 126) RCT of cardiac surgical patients who received either “renal dose” dopamine, or furosemide, or
placebo until 48 hours postoperatively. Furosemide infusion was associated with greater deterioration in SCr, lower
CrCl, and greater need for RRT (negative treatment effect).
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Mannitol

Tiggeler
et al.89

2b Renal transplant Prospective (n ¼ 61) study of cadaveric renal transplant recipients receiving either restricted fluids (1.1 L), or restricted
fluids (1.5 L) plus mannitol, or moderate fluids (2.5 L) plus mannitol. The incidence of ATN was 43%, 53%, and 4.8%,
respectively.

Nicholson
et al.92

2b Vascular surgery Prospective (n ¼ 28) study of mannitol or placebo for aortic surgery with infrarenal aortic cross-clamping. No
differences in BUN, SCr, or CrCl. Mannitol group had lower urinary albumin and N-acetyl glucosaminidase.

Ip-Yam
et al.93

2b Cardiac surgery Prospective (n ¼ 23) study of hypothermic vs. normothermic CPB vs. normothermic CPB plus mannitol in bypass
prime. No significant differences between the groups in markers of renal function.

Gubern
et al.95

2b Obstructive jaundice Prospective RCT (n ¼ 31) of mannitol in postoperative patients with obstructive jaundice. Mannitol had no beneficial
effects on renal function.

Homsi
et al.94

4 Rhabdomyolysis Retrospective case series (n ¼ 24) of saline vs. saline plus bicarbonate plus mannitol for rhabdomyolysis (CPK >500 U/
L). No additive benefit with the addition of bicarbonate or mannitol.

Antioxidants (N-Acetylcysteine)

Marenzi
et al.101

1b RCN after PCI RCT (n ¼ 354) of N-acetylcysteine vs. placebo in patients with acute myocardial infarction undergoing percutaneous
intervention (PCI) with primary angioplasty. Three groups: standard dose (n ¼ 116), 600 mg IV before PCI, then 600
mg PO twice daily for 48 hours; high dose (n ¼ 119), 1200 mg IV before PCI, then 1200 mg PO twice daily for 48 hours;
placebo (n ¼ 119 patients). Dose-dependent decrease in RCN: high dose (8%) vs. standard dose (15%) vs. placebo
(33%) and in-hospital mortality rate.

Burns et al102 1b Cardiac surgery Quadruple-blind RCT (n ¼ 295) comparing IV N-acetylcysteine with placebo in patients undergoing CABG over 24
hours. No difference in proportion of patients with postoperative renal dysfunction. Post hoc subgroup analysis
(baseline SCr >1.4 mg/dL) showed a nonsignificant trend toward decreased risk of postoperative renal dysfunction in
the N-acetylcysteine group.

Haase
et al.103

1b Cardiac surgery Placebo-controlled RCT (n ¼ 60) of a 24-hour infusion of N-acetylcysteine. No difference in delta or peak SCr, urine
output, or serum cystatin C.

Wijnen
et al.104

2b Vascular surgery Small RCT (n ¼ 44) of standard therapy plus antioxidants (allopurinol, vitamins E and C, N-acetylcysteine, mannitol)
vs. standard therapy only. No difference in urine albumin/creatinine ratio but antioxidant group had higher CrCl at
POD 2.

Calcium Channel Blockers

Shilliday
et al110

1a Renal transplant/
systematic review

Cochrane Database Systematic Review. Ten trials included. Treatment with calcium channel blockers in the
peritransplant period was associated with a significant decrease in the incidence of posttransplant and delayed graft.
There was no difference between control and treatment groups in graft loss, mortality rate, or requirement for
hemodialysis.

van
Riemsdijk
et al.109

2b Renal transplant Placebo-controlled RCT (n ¼ 210) of isradipine after renal transplantation. Isradipine was associated with better renal
function at 3 and 12 months without changes in acute rejection or delayed graft function.

Antonucci
et al.111

2b Vascular surgery Small RCT (n ¼ 16) of nifedipine or dopamine for aortic surgery with infrarenal cross-clamping. Immediate
postoperative GFR was maintained in the nifedipine group (but not the dopamine group).

Young
et al.112

4 Cardiac surgery Case series of perioperative diltiazem infusion (n ¼ 271) and control (n ¼ 143). Diltiazem was associated with higher
creatinine rise, greater need for dialysis (4.4% vs. 0.7%)
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Table 34-5 Summary of Renal Protective Strategies in Humans for High-risk Surgery—Cont’d

Study
Level of Evidence
(see Table 34-3) Type of Study Conclusions

Natriuretic Peptides

Mentzer
et al.129

1b Cardiac surgery Multicenter, double-blind RCT (n ¼ 303) of nesiritide infusion (0.01 mcg/kg/min) vs. placebo for 24 to 96 hours after
induction of anesthesia in patients with LV dysfunction (EF <40%) undergoing CABG and/or MVR with CPB.
Compared with placebo, nesiritide was associated with increased urine output within 24 hours, a significantly
attenuated peak increase in SCR and decline in GFR, and decreased hospital stay and 180-day mortality rate.

Sezai et al.126 1b Cardiac surgery Prospective RCT (n ¼ 150) in patients undergoing CABG with CPB, comparing alpha-human atrial natriuretic peptide
(hANP) infusion (200 ng/kg/min) with placebo. Infusion of hANP was associated with significantly lower renin
activity, angiotensin-II, and aldosterone during CPB, postoperative ventricular arrhythmias, postoperative peak level
of CPK-MB, and BNP at 1 month.

Sward
et al141

2b Post–cardiac surgery Double-blind RCT (n ¼ 61). Patients with normal preoperative renal function suffering from post–cardiac surgical
heart randomized to receive recombinant h-ANP (anaritide) or placebo when serum creatinine increased by >50%
from baseline. Significant reduction in the proportion of patients requiring dialysis before or at day 21 and significant
reduction in the proportion of patients with the composite endpoint of dialysis or death before or at day 21 compared
with placebo.

Langrehr
et al.119

2b Liver transplant Placebo-controlled RCT (n ¼ 70) of ularitide immediately after liver transplantation. No difference in course of urea or
creatinine. There was no difference in urine flow or need for dialysis. Less diuretic use in the ularitide group.

Wiebe
et al.120

2b Cardiac surgery Small placebo-controlled RCT (n ¼ 14) of 7 days of ularitide in post–cardiac surgical patients with anuric acute renal
failure. No ularitide patients needed hemodialysis (compared with 6 of 7 control group).

Brenner
et al.121

2b Cardiac surgery Small placebo-controlled RCT (n ¼ 24) of 6 days of ularitide immediately after cardiac transplantation. Equal numbers
of each group (50%) required hemodialysis, although the duration and frequency were less in the ularitide group.

Prostaglandins

Manasia
et al.132

2b Liver transplant Small (n ¼ 21) placebo-controlled RCT of PGE1 for 5 days immediately after liver transplantation in patients with an
immediate postoperative GFR <50 mL/min. No difference in GFR or effective renal plasma flow.

Klein et al.133 2b Liver transplant Larger (n ¼ 118) placebo-controlled multicenter RCT of PGE1 immediately after liver transplantation. PGE1 associated
with lower peak creatinine, “severe renal dysfunction,” need for dialysis, and intensive care length of stay.

Abe et al.135 2b Cardiac surgery Small (n ¼ 20) placebo-controlled RCT of PGE1 during cardiopulmonary bypass. PGE1 group had better results for N-

acetyl-glucosaminidase, free water clearance, and beta-2 microglobulin.

Abe et al.134 4 Cardiac surgery Small (n ¼ 10) case-control study of PGE1 during cardiopulmonary bypass. Rise in N-acetyl-glucosaminidase less, and
no change in free water clearance in PGE1 group.

Feddersen
et al.136

4 Cardiac surgery Small (n ¼ 36) case-control study of prostacyclin during cardiopulmonary bypass. Prostacyclin was associated with a
postoperative increase in GFR but more hypotension than control.

Insulin-like growth factor-1 (IGF-1)

Franklin
et al.140

2b Vascular surgery Small (n ¼ 54) placebo-controlled RCT of 72 hours IGF-1 with primary endpoint as change in creatinine clearance
within 72 hours after surgery involving suprarenal aorta or renal arteries. Fewer patients with IGF-1 had postoperative
decline in creatinine clearance (22% vs. 33%).

AKI, acute kidney injury; ANP, atrial (A-type) natriuretic peptide; BNP, brain (B-type) natriuretic peptide; CABG, coronary artery bypass graft; CPB, cardiopulmonary bypass; CrCl, creatinine clearance; EF, ejection
fraction; GFR, glomerular filtration rate; LV, left ventricular; PCI, percutaneous intervention; RCN, radiocontrast nephropathy; RCT, randomized controlled trial; SCr, serum creatinine.
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subsequent controlled studies failed to confirm this
benefit.67-70 On the other hand, mannitol and dopamine
appear to be no better than saline hydration in the amelio-
ration of the transient decline in GFR following infrarenal
aortic cross-clamping.71

Dopaminergic Agents

Dopamine. Dopamine is an endogenous catecholamine
with a broad range of activity on dopaminergic, beta-
adrenergic, and alpha-adrenergic receptors. “Low dose”
dopamine, that is, less than 3 mcg/kg/min, was long con-
sidered a useful agent for renal protection by virtue of its
dopaminergic actions on the kidney, both in inducing
renal vasodilation and in blocking tubular sodium reab-
sorption (natriuresis). However, the pharmacokinetics of
dopamine vary so widely in the general population that
there may be a thirtyfold variability in the plasma concen-
tration.72 This may in part explain why multiple trials
have been unable to demonstrate a beneficial effect of pro-
phylactic “low-dose” dopamine on renal outcome, and the
consensus today is that it has no role in this regard.73-78

The impact of therapeutic intervention with dopamine as
an inotropic agent to enhance cardiac function and RBF
has not been subjected to randomized controlled trials.
Fenoldopam. Fenoldopam is a phenolated derivative of
dopamine that has several pharmacologic advantages
over the parent compound. It is a selective dopaminer-
gic-1 receptor agonist that induces dose-dependent renal
vasodilation, increases in RBF, and natriuresis. Its phar-
macokinetics are very predictable and there is a close rela-
tionship between dose and plasma concentration. It lacks
any beta- or alpha-adrenergic effects that could induce
unwanted tachycardia or vasoconstriction and as such is
safe to administer by a peripheral catheter.

Preliminary observations suggested a renoprotective
effect of fenoldopam infusion during CPB79 and infrare-
nal cross-clamping.80 Infusion of low-dose fenoldopam
(0.01 to 0.03 mcg/kg/min) in cardiac surgery patients
with preoperative SCr greater than 1.5 mg/dL was asso-
ciated with significantly lower postoperative SCr. How-
ever, two other randomized, prospective studies were
unable to detect a difference in renal function between
fenoldopam and dopamine prophylaxis during cardiac
surgery or vascular surgery with aortic cross-clamping.81,82

After a preliminary study suggested that fenoldopam may
confer greater renal protection against RCN than saline,83 a
large, prospective controlled study failed to confirm a
benefit over simple hydration.84

Despite these somewhat conflicting data, a recent meta-
analysis of 1290 patients from 16 randomized studies
demonstrated that fenoldopam infusion was associated
with decreased risk of AKI, need for RRT, intensive
care unit (ICU) length of stay, and in-hospital mortality
rate.85 The authors concluded, appropriately, that large
randomized controlled outcome studies are needed to
confirm these findings and fully define the role of fenol-
dopam in protection against AKI.

Loop Diuretics

The so-called loop diuretics include furosemide, bumeta-
nide, torsemide (all structurally related to the sulphonyl-
ureas), and ethacrynic acid. They act as potent blockers
of active sodium, potassium, and chloride transport at
the medullary thick ascending limb (mTAL) of the loop
of Henle, causing diuresis and natriuresis. Theoretically,
mTAL blockade enhances tubular oxygen balance by
decreasing tubular energy requirement and oxygen con-
sumption. However, the loop diuretics also induce renal
cortical vasodilation that could “steal” blood flow from
the already oligemic medulla, which could undermine
this benefit.

There is little or no evidence to support the use of loop
diuretics as renoprotective agents, either by bolus or con-
tinuous infusion. A systematic review of undifferentiated
patients at risk for ARF concluded that the addition of
diuretics confers no benefit over fluids alone.75 In patients
with chronic renal impairment, prevention of RCN was
accomplished better with saline hydration alone than
hydration plus furosemide, which actually appeared to
increase the risk of AKI.63 Diuretic administration that
results in intravascular hypovolemia may actually worsen
renal function. In an effort to evaluate renal protection
during cardiac surgery, a double-blind randomized study
was performed on 126 patients who received continuous
infusions of dopamine (2 mcg/kg/min), furosemide (0.5
mcg/kg/min, or about 2 mg/hr), or saline placebo from
anesthetic induction to 48 hours after surgery. The effect
of dopamine was no different than placebo, but patients
who received furosemide suffered AKI reflected by
increases in SCr and decreases in creatinine clearance,
and two patients required RRT.86

Mannitol. Mannitol is an inert sugar that is widely used
as an osmotic diuretic. There is considerable experimental
evidence in animals that mannitol attenuates ischemia-
reperfusion injury by multiple mechanisms, including
maintenance of glomerular filtration pressure, preventing
tubular obstruction by cellular casts, scavenging hydroxyl
free radicals, and prevention of cellular swelling.87,88

Although there is a paucity of confirmatory evidence
from clinical studies, mannitol has been widely used for
renal protection during renal transplantation, CPB, aortic
surgery, and rhabdomyolysis. Its routine use (with hydra-
tion) in renal transplantation was established by studies
showing a renal protective effect more than two dec-
ades ago.89,90 Animal models of suprarenal aortic cross-
clamping revealed that neither mannitol nor dopamine,
nor both together, prevented a persistent decrease in
GFR and RBF after cross-clamp release.91 Human studies
on patients undergoing infrarenal cross-clamping have
revealed that infusions of mannitol and/or dopamine
induce more diuresis, but are no more effective than saline
hydration at attenuating a transient decrease in GFR,71

although there is evidence of attenuated biochemical
glomerular and tubular injury in patients who received
mannitol.92 There is no evidence from randomized con-
trolled trials that mannitol decreases AKI in patients with
traumatic rhabdomyolysis or who receive radiocontrast
media or undergo CPB, vascular surgery, or biliary tract
surgery.93-96

Antioxidants. N-acetylcysteine (NAC) is an antioxidant
that directly scavenges reactive oxygen species and has
received intense study as a potential renal protective
agent. A seminal study on 83 patients with severe CKD
(mean SCr 2.4 mg/dL) showed a decrease in the incidence
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of RCN, defined as an SCr increase of greater than 0.5 mg/
dL, from 21% to 2% by the preprocedure administration
of 600 mg twice-daily oral NAC.97 Subsequent larger
studies disputed these results, suggesting that the dose
of contrast medium is a greater determinant of RCN than
NAC administration,98 or that NAC confers no greater
protection than fenoldopam or saline loading.99 Moreover,
there is evidence that NAC administration decreases cre-
atinine production, thus rendering uncertain any studies
using SCr or derived creatinine clearance as endpoints.100

In contrast, a large prospective placebo-controlled study
evaluated NAC in 354 patients with acute myocardial
infarction undergoing primary angioplasty.101 Patients
were randomized to standard-dose NAC (600 mg IV bolus
before angioplasty and 600 mg orally twice daily for
48 hours), high-dose NAC (1200 mg on an identical regi-
men), or saline placebo. AKI, defined as greater than
25% increase in SCr, occurred in 33% of control patients,
15% of patients receiving standard-dose NAC, and 8%
after high-dose NAC (p <0.001). Moreover, there was also
a significant decrease in in-hospital mortality rate (11%,
4%, and 3%, respectively, p ¼ 0.02).

In other settings, notably cardiac surgery with CPB and
major vascular surgery, randomized controlled trials have
demonstrated no benefit to the perioperative infusion
of NAC in the prevention of postoperative AKI.102-104

In conclusion, although evidence supports the prophylactic
administration of NAC for the amelioration of RCN, there
is no evidence to recommend NAC outside this setting.
Calcium Channel Blockers. Calcium channel blockers
(CCBs) promote renal vasodilation, increase RBF, and
increase GFR. They appear to confer protection against in-
tracellular calcium injury in ischemia-reperfusion injury,105

inhibit angiotensin action in the glomerulus, and decrease
circulating interleukin-2 receptors.106 Their role in treating
chronically hypertensive patients with or without CKD
appears to be beneficial to the kidney.107

CCBs specifically protect the kidney against the nephro-
toxic effects of calcineurin inhibitors, cyclosporine and tacro-
limus,which induce renal injury inpart by causing increased
sympathetic tone and renal arteriolar vasoconstriction. In a
prospective randomized study in patients undergoing
cadaveric kidney transplantation, diltiazem was added to
preservative solution and infused into the recipient for
2 days. Patients who received diltiazem had a significantly
lower incidence of graft ATN (10% versus 41%) and require-
ment for postoperativeRRT.Moreover, they toleratedhigher
cyclosporine blood levels with better graft function and
fewer episodes of rejection. Diltiazem also appeared to delay
cyclosporine elimination, allowing a 30% decrease in dose
with comparable immunosuppressive blood levels.

This benefit appears to continue with long-term (5-year)
follow-up,108 but a study with another CCB, the dihydro-
pyridine isradipine, demonstrated improved SCr without
improved early allograft dysfunction.109 A subsequent
systematic review of CCBs in cadaveric kidney transplan-
tation concluded that graft ATN is significantly decreased
but there is no significant difference between treat-
ments for graft loss, mortality rate, or postoperative RRT
requirement.110

Studies on CCBs in other situations have been more
equivocal. A small placebo-controlled trial of patients
undergoing aortic surgery with infra-aortic cross-clamping
showed that nifedipine prevented the postoperative
decline in GFR.111 A retrospective study on cardiac surgi-
cal patients suggested that prophylactic diltiazem infu-
sion increased the incidence of AKI,112 but prospective
studies have indicated that it is not harmful and may con-
fer some benefit as evidenced by decreased biochemical
urinary markers of tubular injury.113-115

Natriuretic Peptides. The natriuretic peptides are a family
of endogenous compounds of varying size (28 to 32 amino
acids) with a similar active core and actions.116 They act on
specific receptors to induce activation of guanosine cyclase,
which converts guanosine triphosphate (GTP) to cyclic gua-
nosine monophosphate (cGMP). Through this pathway,
natriuretic peptides oppose the vasoconstrictor, salt-retain-
ing actions of catecholamines and the renin-angiotensin-
aldosterone axis. They promote renal afferent arteriolar dila-
tion and thereby increase GFR, as well as natriuresis.

Atrial natriuretic peptide (A-type natriuretic peptide,
ANP) is secreted in response to stretching of cardiac
atrial cells.117 Brain natriuretic peptide (B-type natriuretic
peptide, BNP) is released by ventricular stretch; C-type
natriuretic peptide (CNP) is released from the endothe-
lium of the great vessels; and urodilatin is elaborated
in the kidney itself. ANP (anaritide), BNP (nesiritide),
and urodilatin (ularitide) have been produced in human
recombinant form for IV administration.

In a small series of patients who had heart or liver
transplantation or cardiac surgery, it was suggested that
ularitide had beneficial effects on urine flow and RBF118

and decreased requirement for RRT.118-121 However, in
patients with established ARF, ularitide decreased neither
RRT requirement nor mortality rate.122

Based on animal studies and preliminary human stud-
ies, anaritide infusion engendered considerable interest as
a “rescue” agent for established ATN.123 A randomized
controlled study of anaritide infusion at 200 ng/kg/min
in 504 patients with ATN showed no difference in RRT-free
days.2 However, a subanalysis of the 76% of patients with
nonoliguric ATN (greater than 400 mL/day urine) and
the 24% of patients with oliguric ATN demonstrated a sig-
nificant decrease in RRT-free days in the latter group. Sub-
sequently, a prospective study on 222 patients with
oliguric ATN showed no benefit on RRT-free days, ICU
length of stay, or mortality rate.124 Of note, patients who
received anaritide sustained a significantly greater inci-
dence of systemic hypotension, suggesting that the vasodi-
latory, hypotensive effects of the natriuretic peptide
negated its benefit on renal recovery. This hypothesis is
reinforced by a perioperative study on cardiac surgery
patients in which a lower dose of anaritide (50 ng/kg/
min) resulted in a halving of the RRT-free days and RRT-
free survival.118 Anaritide infusion had previously been
shown to prevent elevations in renin, angiotensin II, and
aldosterone induced by CPB, and also maintain GFR.125

Subsequent studies have also indicated that continuous
infusion during thoracic aortic surgery with CPB increased
urine output and decreased diuretic requirement. 126

Nesiritide is the only natriuretic peptide approved for
clinical use, and it is indicated for the parenteral treatment
of patients with acutely decompensated congestive heart
failure (ADCHF)who have dyspnea at rest or withminimal
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activity. Although initial prospective studies revealed no
adverse effect in patients with ADCHF and renal insuffi-
ciency,127 ameta-analysis suggested that nesiritide infusion
is associatedwith an increase risk of elevated SCr in patients
with ADCHF.128 However, a randomized prospective
study on 279 patients with ejection fraction less than 40%
undergoing cardiac surgery demonstrated that infusion of
nesiritide 0.01 mcg/kg/min from anesthetic induction to
24 to 96 hours after surgery was associated with significant
decrease in postoperative elevation of SCr, as well as signif-
icantly decreased 6-month mortality rate.129

Prostaglandins. Prostaglandins PGE2, PGD2, and prosta-
cyclin (PGI2) are endogenous eicosanoids that act as
intrarenal vasodilators. They are released during renal
stress and may protect the kidneys by preserving intrare-
nal hemodynamics and medullary perfusion and increas-
ing natriuresis.16,130 Alprostadil (synthetic PGE1), which
has been used for many years for ductus arteriosus dila-
tion in the treatment of congenital heart disease, has been
evaluated for renal protection. In patients with CKD
undergoing radiocontrast angiography, PGE1 limited the
increase in SCr, but without change in measured creati-
nine clearance.131 In studies of PGE1 infusion after ortho-
topic liver transplantation, beneficial effects on renal
function have been inconsistent.132,133 In cardiac surgery,
PGE1 and prostacyclin have been infused during CPB
only, without any demonstrated renal benefit.134-136

The limiting factor appears to be prostaglandin-induced
hypotension, particularly with the loss of renal autoregu-
lation during anesthesia and hypothermic CPB.
Growth Factors. Growth factors improve regeneration
and repair of damaged nephrons in ischemic ATN, and
may speed renal recovery after AKI. Acidic fibroblast
growth factor-1 (FGF-1) has been protective in an animal
model, perhaps mediated by the antiinflammatory and
Table 34-6 Authors’ Recommendations for Periopera

Intervention Evidence

Minimize radiocontrast media exposure Nil

Maintain renal blood flow Nil

Maintain renal perfusion pressure Nil

Minimize duration of aortic cross-clamping Nil

Maintain intravascular volume Extrapolate

Avoid perioperative nephrotoxins Nil

Pharmacologic Strategies

Dopamine Yes

Fenoldopam Some subg

Furosemide Some subg

Mannitol Some subg

Antioxidants (N-acetylcysteine) Some subg

Calcium channel blockers Some subg

Natriuretic peptides Some subg

Prostaglandins Some subg
vasodilating effects of nitric oxide.137 Results with insulin-
like growth factor-1 (IGF-1) have been similarly encourag-
ing.138 In humans with end-stage CKD, administration of
IGF-1 improved renal function,139 and in a small clinical
trial, high-risk vascular surgical patients given IGF-1 had
less renal dysfunction.140 However, as yet there is insuffi-
cient evidence to recommend IGF-1 for clinical use.

AREAS OF UNCERTAINTY

Although there remain numerous definitions of AKI, and
the lack of consensus has hampered research in the area
thus far, perioperative AKI is an ominous develop-
ment for the individual patient. We look forward to the
RIFLE criteria being used in perioperative clinical trials.
Currently, there are no “magic bullets” to prevent devel-
opment of ARF and, despite vigorous research, very
limited evidence for therapeutic strategies.

GUIDELINES

At present there are no published guidelines of measures
to prevent perioperative AKI.
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Table 34-6 outlines our recommendations.
ACKNOWLEDGMENT

The authors acknowledge and thank Sally Kozlik for her
invaluable editorial assistance.
ive Interventions

Effect Grade56

D

D

D

D

Beneficial C

D

No benefit A

ups May be of benefit C

ups May be harmful B

ups May be of benefit C

ups May be of benefit B

ups May be of benefit C

ups May be of benefit B

ups No benefit C



236 Section III PERIOPERATIVE MANAGEMENT
REFERENCES

1. Bellomo R, Ronco C, Kellum JA, et al: Acute renal failure—defi-
nition, outcome measures, animal models, fluid therapy and
information technology needs: The Second International Con-
sensus Conference of the Acute Dialysis Quality Initiative
(ADQI) Group. Crit Care 2004;8:R204-R212.

2. Allgren RL, Marbury TC, Rahman SN, et al: Anaritide in acute
tubular necrosis. Auriculin Anaritide Acute Renal Failure Study
Group. N Engl J Med 1997;336:828-834.

3. Myers BD, Miller DC, Mehigan JT, et al: Nature of the renal
injury following total renal ischemia in man. J Clin Invest
1984;73:329-341.

4. Doolan PD, Alpen EL, Theil GB: A clinical appraisal of the
plasma concentration and endogenous clearance of creatinine.
Am J Med 1962;32:65-81.

5. SwaminathanM,McCreath BJ, Phillips-Bute BG, et al: Serumcreat-
inine patterns in coronary bypass surgery patients with and with-
out postoperative cognitive dysfunction. Anesth Analg 2002;95:1-8.

6. O’Riordan A, Wong V, McQuillan R, et al: Acute renal disease,
as defined by the RIFLE criteria, post-liver transplantation. Am
J Transplant 2007;7:168-176.

7. Abosaif NY, Tolba YA, Heap M, et al: The outcome of acute
renal failure in the intensive care unit according to RIFLE:
Model application, sensitivity, and predictability. Am J Kidney
Dis 2005;46:1038-1048.

8. Bell M, Liljestam E, Granath F, et al: Optimal follow-up time
after continuous renal replacement therapy in actual renal fail-
ure patients stratified with the RIFLE criteria. Nephrol Dial
Transplant 2005;20:354-360.

9. Hoste EA, Clermont G, Kersten A, et al: RIFLE criteria for acute
kidney injury are associated with hospital mortality in critically
ill patients: A cohort analysis. Crit Care 2006;10:R73.

10. Kuitunen A, Vento A, Suojaranta-Ylinen R, et al: Acute renal
failure after cardiac surgery: Evaluation of the RIFLE classifica-
tion. Ann Thorac Surg 2006;81:542-546.

11. Uchino S, Bellomo R, Goldsmith D, et al: An assessment of the
RIFLE criteria for acute renal failure in hospitalized patients.
Crit Care Med 2006;34:1913-1917.

12. Ahlstrom A, Kuitunen A, Peltonen S, et al: Comparison of
2 acute renal failure severity scores to general scoring systems
in the critically ill. Am J Kidney Dis 2006;48:262-268.

13. Rectenwald JE, Huber TS, Martin TD, et al: Functional outcome
after thoracoabdominal aortic aneurysm repair. J Vasc Surg
2002;35:640-647.

14. Huynh TT, Miller CC 3rd, Estrera AL, et al: Determinants of
hospital length of stay after thoracoabdominal aortic aneurysm
repair. J Vasc Surg 2002;35:648-653.

15. Godet G, Fleron MH, Vicaut E, et al: Risk factors for acute post-
operative renal failure in thoracic or thoracoabdominal aortic
surgery: A prospective study. Anesth Analg 1997;85:1227-1232.

16. Sladen RN, Prough DS: Perioperative renal protection. Problems
in Anesthesia 1997;9:314-331.

17. Hertzer NR, Mascha EJ, Karafa MT, et al: Open infrarenal
abdominal aortic aneurysm repair: The Cleveland Clinic experi-
ence from 1989 to 1998. J Vasc Surg 2002;35:1145-1154.

18. Coselli JS, LeMaire SA, Conklin LD, et al: Morbidity and mortal-
ity after extent II thoracoabdominal aortic aneurysm repair. Ann
Thorac Surg 2002;73:1107-1115, discussion 1115-1116.

19. Crawford ES, Crawford JL, Safi HJ, et al: Thoracoabdominal aor-
tic aneurysms: Preoperative and intraoperative factors deter-
mining immediate and long-term results of operations in 605
patients. J Vasc Surg 1986;3:389-404.

20. Swaminathan M, Shaw AD, Phillips-Bute BG, et al: Trends
in acute renal failure associatedwith coronary artery bypass graft
surgery in the United States. Crit Care Med 2007;35: 2286-2291.

21. Vossler MR, Ni H, Toy W, et al: Pre-operative renal function pre-
dicts development of chronic renal insufficiency after orthotopic
heart transplantation. J Heart Lung Transplant 2002;21:874-881.

22. Conlon PJ, Stafford-SmithM,WhiteWD, et al: Acute renal failure
following cardiac surgery. Nephrol Dial Transplant 1999;14:
1158-1162.

23. Chertow GM, Lazarus JM, Christiansen CL, et al: Preoperative
renal risk stratification. Circulation 1997;95:878-884.
24. Aronson S, Fontes ML, Miao Y, et al: Risk index for periopera-
tive renal dysfunction/failure: Critical dependence on pulse
pressure hypertension. Circulation 2007;115:733-742.

25. Chew ST, Newman MF, White WD, et al: Preliminary report on
the association of apolipoprotein E polymorphisms, with post-
operative peak serum creatinine concentrations in cardiac surgi-
cal patients. Anesthesiology 2000;93:325-331.

26. Strittmatter WJ, Bova Hill C: Molecular biology of apolipopro-
tein E. Curr Opin Lipidol 2002;13:119-123.

27. Gamulin Z, Forster A, Morel D, et al: Effects of infrarenal aortic
cross-clamping on renal hemodynamics in humans. Anesthesiol-
ogy 1984;61:394-399.

28. Wan S, LeClerc JL, Vincent JL: Inflammatory response to cardio-
pulmonary bypass: Mechanisms involved and possible thera-
peutic strategies. Chest 1997;112:676-692.

29. Gu YJ, Mariani MA, Boonstra PW, et al: Complement activation
in coronary artery bypass grafting patients without cardiopul-
monary bypass: The role of tissue injury by surgical incision.
Chest 1999;116:892-898.

30. Lau LL, Halliday MI, Lee B, et al: Intestinal manipulation during
elective aortic aneurysm surgery leads to portal endotoxaemia
and mucosal barrier dysfunction. Eur J Vasc Endovasc Surg
2000;19:619-624.

31. Badr KF: Sepsis-associated renal vasoconstriction: Potential tar-
gets for future therapy. Am J Kidney Dis 1992;20:207-213.

32. Bolke E, Jehle PM, Storck M, et al: Endovascular stent-graft
placement versus conventional open surgery in infrarenal aortic
aneurysm: A prospective study on acute phase response and
clinical outcome. Clin Chim Acta 2001;314:203-207.

33. Furnary AP, Gao G, Grunkemeier GL, et al: Continuous insulin
infusion reduces mortality in patients with diabetes undergoing
coronary artery bypass grafting. J Thorac Cardiovasc Surg
2003;125:1007-1021.

34. Krinsley JS: Effect of an intensive glucose management protocol
on the mortality of critically ill adult patients. Mayo Clin Proc
2004;79:992-1000.

35. van den Berghe G, Wouters P, Weekers F, et al: Intensive insulin
therapy in the critically ill patients. N Engl J Med 2001;345:
1359-1367.

36. Ouattara A, Lecomte P, Le Manach Y, et al: Poor intraoperative
blood glucose control is associated with a worsened hospital
outcome after cardiac surgery in diabetic patients. Anesthesiology
2005;103:687-694.

37. Gandhi GY, Nuttall GA, Abel MD, et al: Intensive intraoperative
insulin therapy versus conventional glucose management dur-
ing cardiac surgery: A randomized trial. Ann Intern Med
2007;146:233-243.

38. Cittanova ML, Zubicki A, Savu C, et al: The chronic inhibition of
angiotensin-converting enzyme impairs postoperative renal
function. Anesth Analg 2001;93:1111-1115.

39. Royston D, Bidstrup BP, Taylor KM, et al: Effect of aprotinin on
need for blood transfusion after repeat open-heart surgery. Lan-
cet 1987;2:1289-1291.

40. Blauhut B, Gross C, Necek S, et al: Effects of high-dose aprotinin
on blood loss, platelet function, fibrinolysis, complement, and
renal function after cardiopulmonary bypass. J Thorac Cardiovasc
Surg 1991;101:958-967.

41. Cosgrove DM 3rd, Heric B, Lytle BW, et al: Aprotinin therapy for
reoperative myocardial revascularization: A placebo-controlled
study. Ann Thorac Surg 1992;54:1031-1036, discussion 1036-1038.

42. Lemmer JH Jr, Stanford W, Bonney SL, et al: Aprotinin for coro-
nary artery bypass grafting: Effect on postoperative renal func-
tion. Ann Thorac Surg 1995;59:132-136.

43. Kramer HJ, Moch T, von Sicherer L, et al: Effects of aprotinin on
renal function and urinary prostaglandin excretion in conscious
rats after acute salt loading. Clin Sci (Lond) 1979;56:547-553.

44. Seto S, Kher V, Scicli AG, et al: The effect of aprotinin (a serine
protease inhibitor) on renal function and renin release. Hyperten-
sion 1983;5:893-899.

45. Kincaid EH, Ashburn DA, Hoyle JR, et al: Does the combination
of aprotinin and angiotensin-converting enzyme inhibitor cause
renal failure after cardiac surgery? Ann Thorac Surg
2005;80:1388-1393, discussion 1393.

46. Karkouti K, Beattie WS, Dattilo KM, et al: A propensity score
case-control comparison of aprotinin and tranexamic acid in



Chapter 34 What Is the Best Means of Preventing Perioperative Renal Injury? 237
high-transfusion-risk cardiac surgery. Transfusion 2006;46:
327-338.

47. Mangano DT, Tudor IC, Dietzel C: The risk associated with
aprotinin in cardiac surgery. N Engl J Med 2006;354:353-365.

48. Henry DA, Moxey AJ, Carless PA, et al: Anti-fibrinolytic use for
minimising perioperative allogeneic blood transfusion. Cochrane
Database Syst Rev 2001;CD001886.

49. Sedrakyan A, Treasure T, Elefteriades JA: Effect of aprotinin on
clinical outcomes in coronary artery bypass graft surgery: A sys-
tematic review and meta-analysis of randomized clinical trials.
J Thorac Cardiovasc Surg 2004;128:442-448.

50. Mazer D, Fergusson D, Hebert P, et al: Incidence of massive
bleeding in a blinded randomized controlled trial of antifibrino-
lytic drugs in high risk cardiac surgery [abstract]. Anesth Analg
2006;102:SCA95.

51. Lee A, Cooper MC, Craig JC, et al: Effects of nonsteroidal anti-
inflammatory drugs on post-operative renal function in normal
adults. Cochrane Database Syst Rev 2001;CD002765.

52. Myers BD: Cyclosporine nephrotoxicity. Kidney Int 1986;30:
964-974.

53. Li C, Lim SW, Sun BK, et al: Chronic cyclosporine nephrotoxi-
city: New insights and preventive strategies. Yonsei Med J
2004;45:1004-1016.

54. Shihab FS, Bennett WM, Tanner AM, et al: Mechanism of fibro-
sis in experimental tacrolimus nephrotoxicity. Transplantation
1997;64:1829-1837.

55. Heyman SN, Reichman J, Brezis M: Pathophysiology of radio-
contrast nephropathy: A role for medullary hypoxia. Invest
Radiol 1999;34:685-691.

56. Phillips B, Ball C, Sackett D, et al: Levels of evidence and grades
of recommendations. Oxford Centre for Evidence Based Medi-
cine, 2001. Available at www.indigojazz.co.uk/cebm/levels_
of_evidence.asp.

57. Zacharias M, Gilmore IC, Herbison GP, et al: Interventions for
protecting renal function in the perioperative period. Cochrane
Database Syst Rev 2005;CD003590.

58. Mueller C, Buerkle G, Buettner HJ, et al: Prevention of contrast
media-associated nephropathy: Randomized comparison of
2 hydration regimens in 1620 patients undergoing coronary
angioplasty. Arch Intern Med 2002;162:329-336.

59. Benko A, Fraser-Hill M, Magner P, et al: Canadian Association
of Radiologists: Consensus guidelines for the prevention of con-
trast-induced nephropathy. Can Assoc Radiol J 2007;58:79-87.

60. Briguori C, Tavano D, Colombo A: Contrast agent-associated
nephrotoxicity. Prog Cardiovasc Dis 2003;45:493-503.

61. McCullough PA, Wolyn R, Rocher LL, et al: Acute renal failure
after coronary intervention: Incidence, risk factors, and relation-
ship to mortality. Am J Med 1997;103:368-375.

62. Baker CS, Baker LR: Prevention of contrast nephropathy after
cardiac catheterization. Heart 2001;85:361-362.

63. Solomon R, Werner C, Mann D, et al: Effects of saline, mannitol,
and furosemide to prevent acute decreases in renal function
induced by radiocontrast agents. N Engl J Med 1994;331:
1416-1420.

64. Merten GJ, Burgess WP, Gray LV, et al: Prevention of contrast-
induced nephropathy with sodium bicarbonate: A randomized
controlled trial. JAMA 2004;291:2328-2334.

65. Nespoli A, Corso V, Mattarel D, et al: The management of shock
and local injury in traumatic rhabdomyolysis. Minerva Anestesiol
1999;65:256-262.

66. Better OS, Stein JH: Early management of shock and prophy-
laxis of acute renal failure in traumatic rhabdomyolysis. N Engl
J Med 1990;322:825-829.

67. Bush HL Jr, Huse JB, Johnson WC, et al: Prevention of renal
insufficiency after abdominal aortic aneurysm resection by opti-
mal volume loading. Arch Surg 1981;116:1517-1524.

68. Hesdorffer CS, Milne JF, Meyers AM, et al: The value of
Swan-Ganz catheterization and volume loading in preventing
renal failure in patients undergoing abdominal aneurysmect-
omy. Clin Nephrol 1987;28:272-276.

69. Isaacson IJ, Lowdon JD, Berry AJ, et al: The value of pulmo-
nary artery and central venous monitoring in patients under-
going abdominal aortic reconstructive surgery: A comparative
study of two selected, randomized groups. J Vasc Surg 1990;
12: 754-760.
70. Joyce WP, Provan JL, Ameli FM, et al: The role of central haemo-
dynamic monitoring in abdominal aortic surgery. A prospective
randomised study. Eur J Vasc Surg 1990;4:633-636.

71. Paul MD, Mazer CD, Byrick RJ, et al: Influence of mannitol and
dopamine on renal function during elective infrarenal aortic
clamping in man. Am J Nephrol 1986;6:427-434.

72. MacGregor DA, Smith TE, Prielipp RC, et al: Pharmacokinetics
ofdopamine inhealthymale subjects.Anesthesiology2000;92: 338-346.

73. Bellomo R, Chapman M, Finfer S, et al: Low-dose dopamine in
patients with early renal dysfunction: A placebo-controlled ran-
domised trial. Australian and New Zealand Intensive Care Soci-
ety (ANZICS) Clinical Trials Group. Lancet 2000;356:2139-2143.

74. Chertow GM, Sayegh MH, Allgren RL, et al: Is the administra-
tion of dopamine associated with adverse or favorable outcomes
in acute renal failure? Auriculin Anaritide Acute Renal Failure
Study Group. Am J Med 1996;101:49-53.

75. Kellum JA:Theuse of diuretics anddopamine in acute renal failure:
A systematic review of the evidence. Crit Care (Lond) 1997;1:53-59.

76. Kellum JA, Decker JM: Use of dopamine in acute renal failure:
A meta-analysis. Crit Care Med 2001;29:1526-1531.

77. Marik PE: Low-dose dopamine: A systematic review. Intensive
Care Med 2002;28:877-883.

78. Marik PE, Iglesias J: Low-dose dopamine does not prevent acute
renal failure in patients with septic shock and oliguria. NORA-
SEPT II Study Investigators. Am J Med 1999;107:387-390.

79. Halpenny M, Lakshmi S, O’Donnell A, et al: Fenoldopam: Renal
and splanchnic effects in patients undergoing coronary artery
bypass grafting. Anaesthesia 2001;56:953-960.

80. Halpenny M, Rushe C, Breen P, et al: The effects of fenoldopam
on renal function in patients undergoing elective aortic surgery.
Eur J Anaesthesiol 2002;19:32-39.

81. Bove T, Landoni G, Calabro MG, et al: Renoprotective action of
fenoldopam in high-risk patients undergoing cardiac surgery: A
prospective, double-blind, randomized clinical trial. Circulation
2005;111:3230-3235.

82. Oliver WC Jr, Nuttall GA, Cherry KJ, et al: A comparison of
fenoldopam with dopamine and sodium nitroprusside in
patients undergoing cross-clamping of the abdominal aorta.
Anesth Analg 2006;103:833-840.

83. Tumlin JA, Wang A, Murray PT, et al: Fenoldopam mesylate
blocks reductions in renal plasma flow after radiocontrast dye
infusion: A pilot trial in the prevention of contrast nephropathy.
Am Heart J 2002;143:894-903.

84. Stone GW, McCullough PA, Tumlin JA, et al: Fenoldopam
mesylate for the prevention of contrast-induced nephropathy:
A randomized controlled trial. JAMA 2003;290:2284-2291.

85. Landoni G, Biondi-Zoccai GG, Tumlin JA, et al: Beneficial
impact of fenoldopam in critically ill patients with or at risk
for acute renal failure: A meta-analysis of randomized clinical
trials. Am J Kidney Dis 2007;49:56-68.

86. Lassnigg A, Donner E, Grubhofer G, et al: Lack of renoprotec-
tive effects of dopamine and furosemide during cardiac surgery.
J Am Soc Nephrol 2000;11:97-104.

87. Burke TJ, Cronin RE, Duchin KL, et al: Ischemia and tubule
obstruction during acute renal failure in dogs: Mannitol in pro-
tection. Am J Physiol 1980;238:F305-F314.

88. Schrier RW, Arnold PE, Gordon JA, et al: Protection of mito-
chondrial function by mannitol in ischemic acute renal failure.
Am J Physiol 1984;247:F365-F369.

89. Tiggeler RG, Berden JH, Hoitsma AJ, et al: Prevention of acute
tubular necrosis in cadaveric kidney transplantation by the com-
bined use of mannitol and moderate hydration. Ann Surg
1985;201:246-251.

90. Weimar W, Geerlings W, Bijnen AB, et al: A controlled study on
the effect of mannitol on immediate renal function after cadaver
donor kidney transplantation. Transplantation 1983;35:99-101.

91. Pass LJ, Eberhart RC, Brown JC, et al: The effect of mannitol and
dopamine on the renal response to thoracic aortic cross-clamp-
ing. J Thorac Cardiovasc Surg 1988;95:608-612.

92. Nicholson ML, Baker DM, Hopkinson BR, et al: Randomized con-
trolled trial of the effect of mannitol on renal reperfusion injury
during aortic aneurysm surgery. Br J Surg 1996;83:1230-1233.

93. Ip-Yam PC, Murphy S, Baines M, et al: Renal function and pro-
teinuria after cardiopulmonary bypass: The effects of tempera-
ture and mannitol. Anesth Analg 1994;78:842-847.

http://www.indigojazz.co.uk/cebm/levels_of_evidence.asp
http://www.indigojazz.co.uk/cebm/levels_of_evidence.asp


238 Section III PERIOPERATIVE MANAGEMENT
94. Homsi E, Barreiro MF, Orlando JM, et al: Prophylaxis of acute
renal failure in patients with rhabdomyolysis. Ren Fail
1997;19:283-288.

95. Gubern JM, Sancho JJ, Simo J, et al: A randomized trial on the
effect of mannitol on postoperative renal function in patients
with obstructive jaundice. Surgery 1988;103:39-44.

96. Beall AC, Holman MR, Morris GC: Mannitol-induced osmotic
diuresis during vascular surgery. Arch Surg 1963;86.

97. Tepel M, van der Giet M, Schwarzfeld C, et al: Prevention of
radiographic-contrast-agent-induced reductions in renal func-
tion by acetylcysteine. N Engl J Med 2000;343:180-184.

98. Briguori C, Manganelli F, Scarpato P, et al: Acetylcysteine and
contrast agent-associated nephrotoxicity. J Am Coll Cardiol
2002;40:298-303.

99. Allaqaband S, Tumuluri R, Malik AM, et al: Prospective rando-
mized study of N-acetylcysteine, fenoldopam, and saline for
prevention of radiocontrast-induced nephropathy. Catheter Car-
diovasc Interv 2002;57:279-283.

100. Hoffmann U, Fischereder M, Kruger B, et al: The value of
N-acetylcysteine in the prevention of radiocontrast agent-
induced nephropathy seems questionable. J Am Soc Nephrol
2004;15: 407-410.

101. Marenzi G, Assanelli E, Marana I, et al: N-acetylcysteine and
contrast-induced nephropathy in primary angioplasty. N Engl J
Med 2006;354:2773-2782.

102. Burns KE, Chu MW, Novick RJ, et al: Perioperative N-acetylcys-
teine to prevent renal dysfunction in high-risk patients under-
going CABG surgery: A randomized controlled trial. JAMA
2005;294:342-350.

103. Haase M, Haase-Fielitz A, Bagshaw SM, et al: Phase II, ran-
domized, controlled trial of high-dose N-acetylcysteine in
high-risk cardiac surgery patients. Crit Care Med 2007;
35:1324-1331.

104. Wijnen MH, Vader HL, Van Den Wall Bake AW, et al: Can renal
dysfunction after infra-renal aortic aneurysm repair be modified
by multi-antioxidant supplementation? J Cardiovasc Surg (Torino)
2002;43:483-488.

105. Schrier RW, Burke TJ: Role of calcium-channel blockers in pre-
venting acute and chronic renal injury. J Cardiovasc Pharmacol
1991;18(suppl 6):S38-S43.

106. Neumayer HH, Gellert J, Luft FC: Calcium antagonists and
renal protection. Ren Fail 1993;15:353-358.

107. Locatelli F, Del Vecchio L, Andrulli S, et al: Role of combination
therapy with ACE inhibitors and calcium channel blockers in
renal protection. Kidney Int Suppl 2002;53–60.

108. Morales JM, Rodriguez-Paternina E, Araque A, et al: Long-term
protective effect of a calcium antagonist on renal function in
hypertensive renal transplant patients on cyclosporine therapy:
A 5-year prospective randomized study. Transplant Proc
1994;26:2598-2599.

109. van Riemsdijk IC, Mulder PG, de Fijter JW, et al: Addition of
isradipine (Lomir) results in a better renal function after kidney
transplantation: A double-blind, randomized, placebo-con-
trolled, multi-center study. Transplantation 2000;70:122-126.

110. Shilliday IR, Sherif M: Calcium channel blockers for preventing
acute tubular necrosis in kidney transplant recipients. Cochrane
Database Syst Rev 2005;CD003421.

111. Antonucci F, Calo L, Rizzolo M, et al: Nifedipine can preserve
renal function in patients undergoing aortic surgery with infra-
renal crossclamping. Nephron 1996;74:668-673.

112. Young EW, Diab A, Kirsh MM: Intravenous diltiazem and acute
renal failure after cardiac operations. Ann Thorac Surg
1998;65:1316-1319.

113. Bergman AS, Odar-Cederlof I, Westman L, et al: Diltiazem
infusion for renal protection in cardiac surgical patients with
preexisting renal dysfunction. J Cardiothorac Vasc Anesth 2002;
16:294-299.

114. Manabe S, Tanaka H, Yoshizaki T, et al: Effects of the postoper-
ative administration of diltiazem on renal function after coro-
nary artery bypass grafting. Ann Thorac Surg 2005;79:831-835,
discussion 835-836.

115. Piper SN, Kumle B, Maleck WH, et al: Diltiazem may preserve
renal tubular integrity after cardiac surgery. Can J Anaesth
2003;50:285-292.
116. Baughman KL: B-type natriuretic peptide—a window to the
heart. N Engl J Med 2002;347:158-159.

117. Espiner EA: Physiology of natriuretic peptides. J Intern Med
1994;235:527-541.

118. Sward K, Valson F, Ricksten SE: Long-term infusion of atrial
natriuretic peptide (ANP) improves renal blood flow and glo-
merular filtration rate in clinical acute renal failure. Acta Anaes-
thesiol Scand 2001;45:536-542.

119. Langrehr JM, Kahl A, Meyer M, et al: Prophylactic use of low-
dose urodilatin for prevention of renal impairment following
liver transplantation: A randomized placebo-controlled study.
Clin Transplant 1997;11:593-598.

120. Wiebe K, Meyer M, Wahlers T, et al: Acute renal failure follow-
ing cardiac surgery is reverted by administration of urodilatin
(INN: ularitide). Eur J Med Res 1996;1:259-265.

121. Brenner P, Meyer M, Reichenspurner H, et al: Significance of
prophylactic urodilatin (INN: ularitide) infusion for the preven-
tion of acute renal failure in patients after heart transplantation.
Eur J Med Res 1995;1:137-143.

122. Meyer M, Pfarr E, Schirmer G, et al: Therapeutic use of the natri-
uretic peptide ularitide in acute renal failure. Ren Fail
1999;21:85-100.

123. Rahman SN, Kim GE, Mathew AS, et al: Effects of atrial natri-
uretic peptide in clinical acute renal failure. Kidney Int
1994;45:1731-1738.

124. Lewis J, Salem MM, Chertow GM, et al: Atrial natriuretic factor
in oliguric acute renal failure. Anaritide Acute Renal Failure
Study Group. Am J Kidney Dis 2000;36:767-774.

125. Sezai A, Shiono M, Orime Y, et al: Low-dose continuous infu-
sion of human atrial natriuretic peptide during and after cardiac
surgery. Ann Thorac Surg 2000;69:732-738.

126. Sezai A, Shiono M, Hata M, et al: Efficacy of continuous low-
dose human atrial natriuretic peptide given from the beginning
of cardiopulmonary bypass for thoracic aortic surgery. Surg
Today 2006;36:508-514.

127. Butler J, Emerman C, Peacock WF, et al: The efficacy and safety
of B-type natriuretic peptide (nesiritide) in patients with renal
insufficiency and acutely decompensated congestive heart fail-
ure. Nephrol Dial Transplant 2004;19:391-399.

128. Sackner-Bernstein JD, Skopicki HA, Aaronson KD: Risk of wors-
ening renal function with nesiritide in patients with acutely
decompensated heart failure. Circulation 2005;111:1487-1491.

129. Mentzer RM Jr, Oz MC, Sladen RN, et al: Effects of periopera-
tive nesiritide in patients with left ventricular dysfunction
undergoing cardiac surgery: The NAPA trial. J Am Coll Cardiol
2007;49:716-726.

130. Garella S, Matarese RA: Renal effects of prostaglandins and clin-
ical adverse effects of nonsteroidal anti-inflammatory agents.
Medicine (Baltimore) 1984;63:165-181.

131. Koch JA, Plum J, Grabensee B, et al: Prostaglandin E1: A new
agent for the prevention of renal dysfunction in high risk
patients caused by radiocontrast media? PGE1 Study Group.
Nephrol Dial Transplant 2000;15:43-49.

132. Manasia AR, Leibowitz AB, Miller CM, et al: Postoperative
intravenous infusion of alprostadil (PGE1) does not improve
renal function in hepatic transplant recipients. J Am Coll Surg
1996;182:347-352.

133. Klein AS, Cofer JB, Pruett TL, et al: Prostaglandin E1 admin-
istration following orthotopic liver transplantation: A rando-
mized prospective multicenter trial. Gastroenterology 1996;111:
710-715.

134. Abe K, Fujino Y, Sakakibara T: The effect of prostaglandin E1

during cardiopulmonary bypass on renal function after cardiac
surgery. Eur J Clin Pharmacol 1993;45:217-220.

135. Abe K, Sakakibara T, Yoshiya I: The effect of prostaglandin E1

on renal function after cardiac surgery involving cardiopulmo-
nary bypass. Prostaglandins Leukot Essent Fatty Acids
1993;49:627-631.

136. Feddersen K, Aren C, Granerus G, et al: Effects of prostacyclin
infusion on renal function during cardiopulmonary bypass.
Ann Thorac Surg 1985;40:16-19.

137. Cuevas P, Martinez-Coso V, Fu X, et al: Fibroblast growth factor
protects the kidney against ischemia-reperfusion injury. Eur J
Med Res 1999;4:403-410.



Chapter 34 What Is the Best Means of Preventing Perioperative Renal Injury? 239
138. Ding H, Kopple JD, Cohen A, et al: Recombinant human insulin-
like growth factor-I accelerates recovery and reduces catabolism
in rats with ischemic acute renal failure. J Clin Invest
1993;91:2281-2287.

139. Vijayan A, Franklin SC, Behrend T, et al: Insulin-like growth
factor I improves renal function in patients with end-stage
chronic renal failure. Am J Physiol 1999;276:R929-R934.
140. Franklin SC, Moulton M, Sicard GA, et al: Insulin-like growth
factor I preserves renal function postoperatively. Am J Physiol
1997;272:F257-F259.

141. Sward K, Valsson F, Odencrants P, et al: Recombinant human
atrial natriuretic peptide in ischemic acute renal failure: a rando-
mized placebo-controlled trial. Crit Care Med 2004;32:1310-1315.



35
240
Are Alpha-2 Agonists Effective in
Reducing Perioperative Cardiac
Complications in Noncardiac
Surgery?

Douglas C. Shook, MD, and John E. Ellis, MD
INTRODUCTION

Alpha-2 receptor agonists have many desirable effects
such as MAC reduction, analgesia, anxiolysis, sedation,
and sympatholysis.1,2 Adding to this list the possibility
of perioperative myocardial protection makes the periop-
erative use of alpha-2 agonists very appealing in patients
with known or suspected coronary artery disease. It is
well known that drugs that positively affect myocardial
oxygen supply and demand are beneficial in the perioper-
ative period for myocardial protection.3 Perioperative
beta-blockade is an excellent example of this.4,5 The ability
of alpha-2 agonists to modulate sympathetic tone may
similarly offer perioperative myocardial protection.

OPTIONS/THERAPIES

The most widely studied alpha-2 agonists are clonidine,
mivazerol, and dexmedetomidine. Clonidine is available
in oral, transdermal, and parenteral forms. It is a partial
agonist with an alpha-2 to alpha-1 selectivity ratio of 39:1.
Mivazerol is an intravenous alpha-2 agonist with a selectiv-
ity ratio of 119:1. Finally, dexmedetomidine is a shorter-
acting intravenous alpha-2 agonist with a selectivity ratio
of 1300:1 (Table 35-1).1 All three alpha-2 agonists have been
shown to cause dose-dependent sympatholysis, but cloni-
dine and mivazerol have been most extensively studied
with regard to perioperative cardiac protection. Unfortu-
nately, mivazerol is not available in the United States.

EVIDENCE

Several studies have been published investigating alpha-
2 agonists and their role in perioperative myocardial
protection. Many studies have evaluated the hemody-
namic stabilizing effects and sympatholysis produced
by alpha-2 agonists. It is important to understand the
endpoints in these investigations because many used
myocardial ischemia as a surrogate marker for myo-
cardial infarction and cardiac death. Although several
studies have linked perioperative myocardial ischemia
to subsequent increased cardiac morbidity and mortality
rates,6,7 most of the studies to date have not linked the
use of perioperative alpha-2 agonists to decreased rates
of myocardial infarction and death.
Randomized Controlled Trials—Clonidine

The perioperative use of clonidine for myocardial protec-
tion in noncardiac surgery has been studied in three
well-designed small, randomized trials. Ellis and collea-
gues8 studied the use of transdermal clonidine combined
with oral clonidine in a randomized, double-blind,
placebo-controlled clinical trial of 61 patients undergoing
elective major noncardiac surgery. The treatment group
received premedication with the transdermal clonidine
system (0.2 mg/day) the night before surgery, which
was left in place for 72 hours, and 0.3 mg oral clonidine
60 to 90 minutes before surgery. The incidence of intra-
operative electrocardiographic (ECG) ischemia was dimin-
ished in the clonidine group (4% versus 21%, p ¼ 0.05).
There was no difference, however, between the two
groups in the incidence of postoperative ischemia. Later,
Stuhmeier and colleagues9 did a randomized, double-
blind study looking at 297 patients scheduled for vascular
surgery. They evaluated the effect of 2 mcg/kg of oral clo-
nidine 90 minutes before induction of anesthesia. Patients
receiving oral clonidine demonstrated a decreased inci-
dence of intraoperative myocardial ischemia (24% versus
39%, p <0.01). However, no statistical difference was
noted in the number of patients suffering a nonfatal myo-
cardial infarction or in patients dying from major cardiac
events. In 2004 Wallace and colleagues10 conducted a pro-
spective, double-blind, randomized, clinical trial of 190
patients at risk for coronary artery disease scheduled for
noncardiac surgery. All of the patients in the clonidine
group (n ¼ 125) received 0.2 mg orally the night before
and 1 hour before surgery. A transdermal patch (0.2
mg/day) was placed the night before surgery and
removed on postoperative day 4. The incidence of myo-
cardial ischemia in the clonidine group was reduced on
days 0 to 3 versus the placebo group (14% versus 31%,
p <0.01). Long-term follow-up revealed that the clonidine



Table 35-1 Specificity of Alpha-2 Agonists for
the Alpha-2 Receptor

Alpha-2 Agonist Alpha-2:Alpha-1 Specificity

Dexmedetomidine 1300:1
Mivazerol 119:1
Clonidine 39:1
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group had a reduced mortality rate at 30 days (0.8%
versus 6.5%, p ¼ 0.048) and at 2 years (15% versus 29%,
p ¼ 0.035), but this benefit lost statistical significance after
removing all patients who received preoperative or
intraoperative beta-blockers.

Randomized Controlled Trials—Mivazerol

Mivazerol, an intravenous alpha-2 agonist administered
by continuous infusion, has been studied in larger trials.
A European multicenter group studied mivazerol in a
phase II, placebo-controlled, double-blind, randomized
trial.11 Three hundred patients with known coronary
artery disease (CAD) were placed into three groups:
high-dose mivazerol (1.5 mcg/kg/hr), low-dose miva-
zerol (0.75 mcg/kg/hr), or placebo. High-dose mivazerol
had significantly less intraoperative myocardial ischemia
versus placebo (20% versus 34%, p ¼ 0.026), but no differ-
ences were observed for perioperative myocardial infarc-
tion or death. In addition, there was no difference in
postoperative myocardial ischemia. In 1999 Oliver and
colleagues12 conducted a large double-blind, randomized,
placebo-controlled study of 2854 patients (1897 with
known CAD and 957 with risk factors for CAD). Patients
received perioperative mivazerol at 1.5 mcg/kg/hr for
72 hours or placebo. On subgroup analysis, in the group
of 1897 patients with known CAD, there were fewer car-
diac deaths in the mivazerol group versus placebo (13 of
956 versus 25 of 941, p ¼ 0.037). The rates of myocardial
infarction and all-cause deaths were not statistically dif-
ferent between the two groups. In the subgroup of
patients undergoing vascular procedures (n ¼ 904), miva-
zerol produced significant myocardial protection. The
cardiac death rate was 6% versus 18% (p ¼ 0.009), and
the combined cardiac death and myocardial infarction
rate was 10% versus 14% (p ¼ 0.02). Myocardial infarction
alone was not significantly different.

Randomized Controlled Trials—
Dexmedetomidine

There are no large randomized controlled trials studying
the infusion of dexmedetomidine to reduce perioperative
cardiac morbidity and mortality rates in noncardiac surgi-
cal patients. Dexmedetomidine has been investigated
in small studies for its hemodynamic effects. Talke and
colleagues13 evaluated the hemodynamic effects of four
different doses of dexmedetomidine in 22 vascular sur-
gery patients at risk for CAD. Although patients at the
higher doses of dexmedetomidine appeared to have
greater hemodynamic stability (less tachycardia and systolic
hypertension), they neededmore intraoperative vasopressor
and fluid support. Because of the study size, no statistical sig-
nificance couldbe concluded regardingmyocardial ischemia
and perioperative myocardial infarction. A second study by
Jalonen and colleagues14 looked at 80 patients scheduled for
elective coronary artery bypass grafting. Again, dexmedeto-
midine produced less tachycardia and lower blood pres-
sures, but the study patients needed more fluid challenges
and pharmacologic treatment for hypotension. No statistical
significance was concluded with respect to myocardial
ischemia and infarction. Table 35-2 summarizes all of the
randomized controlled trials.

Meta-analysis of Alpha-2 Agonists

A meta-analysis published by Nishina and colleagues15 in
2002 looked at the efficacy of clonidine for the prevention
of perioperative myocardial ischemia. The study system-
atically reviewed the randomized controlled trials that
tested this endpoint. Seven studies were included in the
meta-analysis. Two of them were referenced previously,8,9

and the other five looked at the use of clonidine for
the prevention of ischemia in cardiac surgery. The meta-
analysis concluded that clonidine in both cardiac surgery
patients and noncardiac surgery patients reduced periop-
erative myocardial ischemia. An attempt was made to
form conclusions on preferable endpoints such as myocar-
dial infarction and death, but low statistical power hin-
dered the results. A more comprehensive meta-analysis
by Wijeysundera and colleagues16 investigated the peri-
operative cardiac effects of all alpha-2 adrenergic ago-
nists studied through 2002. Twenty-three studies were
included (cardiac and noncardiac surgical patients),
enrolling 3395 patients. The study concluded that alpha-
2 agonists significantly reduced overall mortality rate
and reported ischemia, but failed to show a statistically
significant reduction in myocardial infarctions. In vascu-
lar surgery patients, alpha-2 agonists significantly
reduced mortality rate and myocardial infarctions, and
were associated with a trend toward ischemia reduction.
A recent meta-analysis by Biccard and colleagues17 looked
at dexmedetomidine and cardiac protection in non-
cardiac patients. Twenty studies were included, involving
840 patients. The regimen of dexmedetomidine infusion
varied between studies, and most of the studies did not
continue the infusion postoperatively. Perioperative car-
diac outcomes were not the primary outcome measure
in any of the studies included in the analysis. The study
concluded that perioperative dexmedetomidine infusion
was associated with a trend toward, but did not signifi-
cantly reduce, cardiac mortality rate, myocardial infarc-
tion, or myocardial ischemia. Dexmedetomidine was also
associated with more hypotension and bradycardia.
Table 35-3 summarizes all the meta-analysis studies.

AREAS OF UNCERTAINTY

The endpoints studied in the majority of the randomized,
controlled trials are primarily surrogate endpoints, such
as myocardial ischemia, rather than more definitive end-
points such as myocardial infarction or death. Two trials
looked specifically at mortality and myocardial infarction
rates. Oliver and colleagues12 evaluated endpoints such



Table 35-2 Summary of Randomized Controlled Trials

Author Procedure
Number of
Subjects

Study
Design Intervention Ischemia MI Cardiac Death

Ellis 1994 Noncardiac Control 31
Treated 30

Double-
blind
Placebo

TD clonidine 0.2 mg
night prior (72 hr)
Clonidine 0.3 mg PO
preoperatively

D: 1/28 (4%)
C: 5/24 (21%)
p ¼ 0.05

Stuhmeier
1996

Vascular Control 152
Treated 145

Double-
blind
Placebo

Clonidine
2 mcg/kg PO
preoperatively

D: 35/145 (24%)
C: 59/152 (39%)
p <0.01

D: 0/145 (0%)
C: 4/152 (3%)
NS

D: 2/145 (1%)
C: 1/152 (1%) NS

McSPI 1997 Noncardiac Control 103
Treated 98

Double-
blind
Placebo

Mivazerol
1.5 mcg/kg/hr
(high dose)
Started 20 min
before induction
Continued for 72 hr

D: 17/87 (20%)
C: 34/99 (34%)
p ¼ 0.026 (high
dose only)

D: 2/98 (2%)
C: 6/103 (6%)
NS (high dose
only)

D: 1/98 (1%)
C: 1/98 (1%) NS
(high dose only)

Oliver 1999 Noncardiac
with known
CAD

Control 941
Treated 946

Double-
blind
Placebo

Mivazerol
1.5 mcg/kg/hr Started
20 min before induction
Continued for 72 hr

D: 78/946 (8%)
C: 79/941 (8%)
NS

D: 13/946 (3%)
C: 25/941 (1%)
p ¼ 0.037

Oliver 1999 Vascular Control 450
Treated 454

Double-
blind
Placebo

Mivazerol
1.5 mcg/kg/hr Started
20 min before induction
Continued for 72 hr

D: 42/454 (9%)
C: 53/450 (12%)
NS

D: 6/454 (1%)
C: 18/450 (4%)
p ¼ 0.009

Wallace
2004

Noncardiac Control 65
Treated 125

Double-
blind
Placebo

TD clonidine 0.2 mg
night prior (4 days)
Clonidine 0.2 mg PO
preoperatively and
night prior

D: 18/125 (14%)
C: 20/65 (31%)
p ¼ 0.01

D: 5/125 (4%)
C: 3/65 (5%)
NS

D: 19/125 (15%)
C: 19/65 (29%)
p ¼ 0.035

C, Control; CAD, coronary artery disease; D, drug; MI, myocardial infarction; NS, no statistical significance; PO, per os (by mouth); TD, transdermal.

Table 35-3 Summary of Meta-analysis Studies

Author
Procedures
(Trials)

Number
of Trials

Number
of
Subjects

Perioperative
Interventions
(Trials) Outcome

Nishina 2002 Cardiac (5)
Noncardiac (2)

7 664 Clonidine Reduced overall ischemia, OR ¼ 0.49, 95%
CI 0.34-0.71

Wijeysundera
2003

Cardiac (10)
Noncardiac (11)

23 3395 Clonidine (15)
Dexmedetomidine
(6) Mivazerol (2)

Reduced mortality rate (overall), RR ¼ 0.64, 95%
CI 0.42-0.99
Reduced ischemia (overall), RR ¼ 0.76, 95%
CI 0.63-0.91
Reduced mortality rate (vascular), RR ¼ 0.47, 95%
CI 0.25-0.90
Reduced MI (vascular), RR ¼ 0.66, 95% CI 0.46-0.94

Biccard 2008 Noncardiac 20 840 Dexmedetomidine Mortality rate, OR ¼ 0.27, 95% CI 0.01-7.13 (NS) MI,
OR ¼ 0.26, 95% CI 0.04-1.60 (NS)
Ischemia, OR ¼ 0.65, 95% CI 0.26-1.63 (NS)

CI, Confidence interval; MI, myocardial infarction; NS, no statistical significance; OR, odds ratio; RR, relative risk.
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as myocardial infarction and death and found that the
group most affected was patients with known CAD and
undergoing vascular surgery. The validity of this conclu-
sion is limited in that the effect was not seen in the overall
group, as originally intended, but only on subsequent
subgroup analysis. Wallace and colleagues10 concluded
that perioperative clonidine reduced episodes of ischemia
and, more important, reduced long-term incidence
of myocardial infarction and death. Unfortunately, the
long-term benefit may have been due to perioperative
administration of beta-blockers in both the study and
placebo groups.
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The studies we reviewed demonstrated less intraopera-
tive ischemiawith use of alpha-2 agonists but did not consis-
tently show the ability to continue this protection into the
postoperative period. It is possible that the doses needed
for postoperative sympatholysis may be higher than those
effective during surgery and anesthesia.We also believe that
many studies were underpowered to demonstrate outcome
differences, if one indeed were to exist. It is widely recog-
nized that the risk of myocardial infarction is greatest over
the first 3 postoperative days.18 Therefore, in addition to
questions of dosage, the exact time frame in which to use
alpha-2 agonists for myocardial protection remains unclear.
No study reviewed continued alpha-2 agonists beyond
72 hours postoperatively. Increasing the preoperative dose
of clonidine will invariably increase sympatholysis and
decrease heart rate and blood pressure. Unfortunately,
the effects of clonidine are long acting and not quickly
reversed or stopped if severe hypotension or bradycardia
develops. Indeed, several studies suggest increased need
for fluid and/or vasopressor support.9,12-14 Dexmedetomi-
dine, which has a shorter half-life, may be advantageous in
this regard. Although evidence supporting the routine use
of alpha-2 agonists is not nearly as complete and accepted
as that of perioperative beta-blockade, this may change after
completion of future large-scale, prospective studies.

GUIDELINES

The American College of Cardiology and American Heart
Association updated their practice guidelines in 2007
on perioperative cardiovascular evaluation for noncar-
diac surgery.19 As a Class IIb recommendation, alpha-
2 agonists for the perioperative control of hypertension
may be considered in patients with known CAD or at
least one clinical risk factor who are undergoing surgery.
Perioperative beta-blockers for similar indications are
Class I, IIa, and IIb recommendations because studies of
beta-blockade have shown amelioration of clinical end-
points. Similarly designed large-scale, prospective studies
of alpha-2 agonists that assess outcomes, not just the
surrogate marker of myocardial ischemia, are needed to
help further define the role of alpha-2 agonists in the pre-
vention of perioperative cardiac morbidity and mortality.
AUTHORS’ RECOMMENDATIONS

l Based on the evidence of randomized, controlled trials and
meta-analysis studies, alpha-2 agonists may have a role as an
adjunct in the prevention of perioperative cardiac morbidity
and mortality in patients with known or suspected CAD,
especially in patients scheduled for vascular surgical
procedures.

l Achieving sympatholysis before induction appears to be opti-
mal. This can be done by a number of means, including oral
preparations 60 to 90 minutes before induction, transdermal
application the night before surgery, or starting an infusion so
as to reach effect before induction. However, this may or may
not increase the need for vasopressor support.

l Therapy should probably be continued for at least 72 hours
postoperatively.
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INTRODUCTION

Venous thromboembolism (VTE) is a major public health
issue. A survey carried out in 2004–2005 in the United
Kingdom showed that VTE accounts for 25,000 deaths
per year due to pulmonary embolism.1 VTE is thus one
of the main causes of death. It also causes considerable
morbidity as nonfatal pulmonary embolism and deep
vein thrombosis (DVT) induce short- and long-term
complications.2,3 In addition, anticoagulant treatment,
although effective, may be a potential source of iatrogenic
complications.

The benefit-to-risk ratio of widespread postoperative
prophylaxis is highly positive, at least in patients at
moderate or high risk of DVT. As established over the
last 20 years, prophylaxis is increasingly effective. Many
evidence-based studies and meta-analyses have indicated
that DVT prevention considerably reduces the risk of
pulmonary embolism. However, all problems have not
yet been solved.
PATHOPHYSIOLOGY AND RISK

Postoperative thromboembolic risk is the result of two
risks, namely, patient-related risk and surgical risk.3

Patient-related risk increases linearly with age, becom-
ing more marked after 40 years of age, even more so after
60 years of age.4,5 Obesity is responsible for an increased
risk of thrombosis on account of longer immobilization
and decreased fibrinolytic activity. Cancer, especially
lung, pancreas, colon, or pelvic cancer, increases thrombo-
embolic risk, although surprisingly metastases do not.
Cancer-related risk is independent of age. Several other
important factors increasing perioperative VTE risk have
been reported (Table 36-1).5

The surgical risk is usually well established and ranges
from low or absent (e.g., hand surgery, osteosynthesis
device removal) to high (e.g., surgery for hip fracture, pel-
vic surgery for cancer) (Table 36-2). However, the risk
may also be uncertain as, for instance, for laparoscopy.
Although the minimally invasive nature of laparoscopy
might be thought to reduce risk,6 other aspects—the
reverse-Trendelenburg position, gas insufflation (vena
cava compression with impaired venous return) and a
longer operative time—might increase the risk.

The overall risk combining patient-related risk and sur-
gical risk can be classified into three broad categories:
low, moderate, and high, which have not, however, been
precisely quantified.3 The level of risk should be taken into
account in the choice of prophylaxis. However, if three
moderate risks are summed (e.g., prolonged immobiliza-
tion, obesity, and age over 60 years), the crucial question
is whether the overall risk is significantly increased or not.

Prevention can not only stop the formation of a throm-
bus but also control its extension.7 The new generation
of antithrombotic agents, which interact with both free
and clot-bound thrombin, should prove to be particularly
useful in prevention.8 Procedures for fast-track patient
management, increasingly developed by care teams and
much appreciated by patients, reduce the duration and
invasive nature of surgery, immobilization time, and hos-
pital stay, and thus will probably significantly reduce the
VTE risk as compared with earlier methods of manage-
ment.9 However, their impact on VTE has not been
measured even though it is widely accepted that the inci-
dence of DVT and pulmonary embolism after prophylaxis
has decreased regularly over more than 20 years. The rate
of symptomatic events at 3 months is now below 1.5%
after hip or knee replacement procedures and/or after
hip fracture.10,11
OPTIONS

The first method of VTE prevention should be early mobi-
lization and ambulation. However, this is not always
possible and other techniques are needed. Mechanical
and pharmacologic prevention can be proposed either
separately or concomitantly, even if chemical prophylaxis
appears to be more effective than mechanical prophylaxis,
which can be understood as a first-line approach.
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Table 36-2 Risk Categories for Venous
Thromboembolism (VTE) Surgery3

Examples of Surgical Procedures Risk Category

Varicose vein Low
Minor abdominal surgery Low
Knee arthroscopy Low
Trauma to knee without fracture Low
Endoscopic prostate surgery Low
Percutaneous kidney surgery Low
Diagnostic laparoscopy (<30 mm) Low
Minor abdominal surgery with extensive
and/or bloody dissection, very long
operative time, or emergency

Moderate

Fracture of lower extremity Moderate
Laminectomy Moderate
Vaginal hysterectomy Moderate
Breast cancer surgery Moderate
Major abdominal surgery (even in the
absence of cancer)

High

Bariatric surgery High
Total hip or knee replacement High
Hip fracture High
Open kidney surgery High
Open prostate surgery High
Prolapse surgery High
Uterine and ovarian surgery for cancer High
Lung resection by thoracotomy High
Intracranial neurosurgery High

Table 36-1 Patient-related Risk Factors for
Thrombosis2-4

l Age over 40 years
l Obesity (BMI >30)
l Cancer and cancer treatment (hormones, chemotherapy,
radiotherapy)

and

l History of VTE
l Idiopathic or acquired thrombophilia
l Acute medical illness
l Active heart or respiratory failure
l Severe infection
l Estrogen-containing contraception or hormone replacement
therapy

l Selective estrogen response modifiers (SERM)
l Inflammatory bowel disease
l Immobilization, bed rest, limb paralysis
l Nephrotic syndrome
l Myeloproliferative syndrome
l Paroxysmal nocturnal hemoglobinuria
l Smoking
l Varicose veins
l Central venous catheter

BMI, body mass index; VTE, venous thromboembolism.

246 Section III PERIOPERATIVE MANAGEMENT
EVIDENCE

Mechanical Prophylaxis

There are two main techniques of mechanical prophylaxis:
(1) graduated elastic compression and (2) intermittent
pneumatic compression of the leg or venous foot pump.12

Their aim is to increase venous flux and reduce stasis.
Both techniques have proven efficacy, neither increases
the risk of bleeding, and there are few contraindications
(peripheral arterial occlusive disease, skin lesions). In both
cases, the longer compression is kept in place throughout
the day and night, the greater the efficacy.

In graduated elastic compression, the stocking exerts
graded circumferential pressure on the lower limb (18 mm
Hg at the ankle, 14 mm halfway up the calf, 8 mm at the
knee, and if the stocking goes right up to the thigh, 10 mm
at the lower half of the thigh and 8 mm at the top of
Table 36-3 Effect of Graduated Compression Stocki
Prophylactic Method (APM) (GCS þ APM

Study, Year
Number of
Trials

Number of Subjects (Interven
Intervention)

Cochrane database,
2000

7 1027 (536/491)

9 1184 (589/595)

DVT, deep vein thrombosis.
the thigh). Venous flux velocity is increased by 75%
(Table 36-3). The 2007 guidelines published by the National
Institute for Health and Clinical Excellence (NICE) recom-
mend the systematic use of compression in all patients
who have undergone surgery.4

In intermittent pneumatic compression, bags wrapped
around the calf and/or thigh are intermittently inflated and
deflated in order to accelerate venous return. The reduction
in risk is 56% for all thromboses and44% for proximal throm-
boses.4 However, the studies are not powerful enough to
establish an effect on pulmonary embolism. The results for
venous foot compression vary anddepend on the indication.
ngs (GCS) Alone or Combined with Another
) on DVT Prophylaxis12

Total DVTs

tion/No
Intervention Control

Odds
Ratio

GCS alone 81
(15%)

Control 144
(29%)

0.36
p <0.00001

GCS þ APM 18
(3%)

Control 84
(14%)

0.22
p <0.00001
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It seems to be more effective in surgery for hip replacements
than total knee prostheses but will be recommended in hip
replacement surgery only if there is a contraindication to
anticoagulants. An effect on proximal thromboses and on
pulmonary embolism has not been demonstrated.2,4

Pharmacologic Prophylaxis

Three types of anticoagulants—vitamin K antagonists,
heparins (unfractionated heparin [UFH], low-molecular-
weight-heparin [LMWH]), and fondaparinux—and sev-
eral new oral antithrombotic agents (anti-IIa and anti-Xa)
are currently used or under clinical development for
VTE prophylaxis. We will not discuss hirudins, danapar-
oid, and dextran because they have been the subject of
few studies, their efficacy is a matter of debate, and the
benefit-to-risk ratio is lower than for the above agents.

Vitamin K Antagonists

The most frequently used vitamin K antagonist is warfa-
rin even though acenocoumarol and fluindione are still
often prescribed in Europe and Africa. Vitamin K antago-
nists inhibit a carboxylation step in the synthesis of factors
II, VII, IX, and X by the liver, and by decreasing the levels
of these factors, exert powerful anticoagulant activity.13

They are still widely used postoperatively in North Amer-
ica, but they are gradually being replaced by injectable
anticoagulants (LMWH, fondaparinux)14 and will proba-
bly finally disappear when the new oral antithrombotic
agents become fully available in the near future.15 In the
recent NICE review, an analysis of 11 pooled studies
(1320 patients) found a reduction in risk versus no pro-
phylaxis of 51% for all thromboses, 58% for proximal
thromboses, and 82% for pulmonary embolism.4 The effi-
cacy of oral anticoagulants (OACs) is somewhat counter-
balanced by interactions with other drugs and food, and
by an increased risk of bleeding (OACs increased the risk
of major bleeding by 58%).

Heparins—Fondaparinux

UFH is extracted from pig intestine. It is a mixture
of medium-molecular-weight polysaccharides (15,000 dal-
tons) with equivalent antithrombin (IIa) and anti-Xa
activity. UFH interacts with antithrombin via a pentasac-
charide moiety present in a third of its molecules. It is
eliminated by the reticuloendothelial system. Two or three
daily subcutaneous injections are usually given to pre-
vent postoperative thromboembolic disease.16,17

Even though UFH has uncontested efficacy, it is being
replaced by one or two daily subcutaneous injections of
LMWH. LMWHs have been marketed in Europe since
Table 36-4 Pooled Analysis of Randomized Controlle

Study, Year Number of RCTs Number of Subjects D

NICE, 2007 76 22,574 0

LMWH, low-molecular-weight heparin; UFH, unfractionated heparin.
1985 and in the United States since 1993.17 Their anti-Xa
activity is two to six times higher than their antithrombin
activity. They are eliminated by the kidney. They are more
effective than UFH on overall risk of thrombosis and on
risk of proximal thrombosis, and better at preventing pul-
monary embolism without increasing the risk of bleeding
(Table 36-4).4,17 In addition, the risk of heparin-induced
thrombocytopenia is 5 to 10 times lower than with
UFH.18 LMWHs have become the gold standard for the
prevention of perioperative VTE and are used as the com-
parator for all new anticoagulants (e.g., fondaparinux) in
clinical trials of superiority or noninferiority.19

Fondaparinux—a product of research on LMWH—was
put on the market at the end of 2002. The short pentasac-
charide moiety of the heparin molecule, fondaparinux,
was synthesized. It binds reversibly to antithrombin,
inducing powerful anti-Xa activity. It inhibits factor Xa
and the subsequent coagulation cascade.8 Once released
from antithrombin, it is recycled two or three times and
made reavailable to bind. This attractive mechanism of
action explains its high activity at low doses. Currently,
it is the most potent injectable anti-Xa available. It was
first tested in VTE prevention in orthopedics, then in
abdominal surgery. It is effective in preventing asymp-
tomatic DVT, but has a slight but nevertheless significant
tendency to increase bleeding complications and transfu-
sion requirements.19 Safety is of much less concern when
it is administered late, that is, 6 to 8 hours (even 24 hours)
after surgery. Fondaparinux does not seem to induce
thrombocytopenia, unlike UFH and LMWH, but this
needs to be confirmed.20

New Oral Antithrombotic Agents

This class of drugs has long been awaited because vitamin
K antagonists, although oral drugs, are not powerful
enough, and LMWHs are safe and highly effective but
injectable. Several apparently safe, highly effective, oral
drugs are in the advanced stages of development. They
are either anti-IIa or anti-Xa agents, with no apparent
superiority over each other.21 They should be used with
caution after an initial period of observation because there
are no antagonists to these drugs.

l Dabigatran is a direct thrombin inhibitor with the fol-
lowing properties: bioavailability is 6% to 8%, peak
plasma concentrations are reached within 2 hours,
postoperative peak concentrations occur later and
are lower, the terminal half-life is 14 to 17 hours, it
is given once or twice daily, it has no interactions with
food, and it is excreted unchanged via the kidney.22

Dabigatran was first developed for orthopedic
d Trials (RCTs) of LMWH vs. UFH4

Relative Risk

VT Proximal DVT Pulmonary Embolism Bleeding

.87 0.62 0.66 0.87
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surgery. Two large randomized double-blind studies
of short-term (10 to 14 days) and long-term (28 days)
prophylaxis after, respectively, total knee arthroplasy
and total hip replacement found it to be noninferior
to enoxaparin (40 mg once daily).23,24 Dabigatran is
about to be approved by the European Medicines
Agency (EMEA) and probably will be marketed soon.

l Rivaroxaban is an orally active oxazolidone derivative
that acts as a potent direct anti-Xa agent.25 Its oral bio-
availability is greater than 70%. It inhibits factor Xa
with a Ki of 0.4 nM. It reaches peak concentrations
after 2 to 4 hours. Its terminal half-life is close to 9
hours, and it is cleared by the kidneys (two thirds)
and the gut (one third). Like other oral compounds,
rivaroxaban was first developed for orthopedic sur-
gery where it has been found to be superior to enoxa-
parin (total knee replacement).26

l Apixaban is a potent direct reversible anti-Xa inhibitor
with the following properties: oral bioavailability of
51% to 85%, inhibition of factor Xa with a Ki of 0.08
nM, terminal half-life of about 10 to 15 hours, renal
elimination 25%, nonrenal elimination 75% (hepatic
metabolism, biliary and intestinal excretion).21 Phase
III studies are ongoing.
Continued
INTERPRETATION OF DATA AND
CONTROVERSIES

Clearly, effective prevention is available, but several
points are still a matter of debate.

Mechanical prophylaxis is the first-line approach
recommended by recent NICE guidelines, but the eighth
guidelines of the American College of Chest Physicians
(ACCP) are not quite as positive.2 There is no proof of
the efficacy of mechanical prophylaxis on fatal or nonfatal
pulmonary embolism. Available studies date back several
years and often lack power. Most are not double-blind
and are difficult to interpret because of the wide variety
of compression modalities used. For instance, should
compression be limited to just the calf or be applied to
the whole leg even if this is less well tolerated and more
difficult to adjust? Are all pneumatic compression devices
equally effective? For how long should compression
be applied after surgery? The ACCP guidelines therefore
recommend the use of mechanical methods in patients
at high risk of bleeding or in combination with phar-
macologic methods. In practice, mechanical methods are
probably sufficient for patients at moderate risk but insuf-
ficient for patients at high risk.2

The clinical studies of pharmacologic agents (UFH,
LMWH, fondaparinux, anti-Xa and anti-IIa agents) have
used asymptomatic DVTs assessed by bilateral ascending
venography as a surrogate endpoint. The high rate of
events observed with this method has meant that the
numbers of patients included into phase II and phase III
studies have been relatively small. However, although
there may be a relationship between venographic and
symptomatic thrombosis, it ranges from a factor of 5 for
total hip replacement to a factor of 21 for total knee arthro-
plasty.27 In addition, the relevance of distal thromboses
diagnosed by venography is debatable. The upcoming
new guidance from European regulators on outcomes in
trials of prophylaxis for venous thromboembolism there-
fore suggest the use of a combination of three criteria,
namely, symptomatic or asymptomatic proximal DVT
assessed by ultrasound (or venography), pulmonary
embolism, and VTE-related death.28 If these criteria are
used in the development of future molecules, the results
will probably better reflect the real-life situation, even if
it is necessary to significantly increase the number of
patients entered into trials.

The overall safety of the drugs used in prophylaxis is
good, but most of the antithrombotic agents used are elimi-
nated via the kidney. There is thus a genuine risk of drug
accumulation and increased bleeding in patients with renal
insufficiency. Nevertheless, few cases of severe bleeding
have been encountered. Starting the administration of the
drugs less than 6 hours before or after surgery to obtain bet-
ter results on venographic asymptomatic distal DVTs has
also led to an increase in perioperative bleeding and trans-
fusion requirements (e.g., as found in the fondaparinux
and ximelagatran studies). The ACCP and French guide-
lines do not see any benefit in the preoperative injection of
LMWH. The development of all new agents is now based
on systematic administration after surgery, sometimes even
on the day after surgery. Since efficacy is guaranteed with a
rate of thromboembolic events of 1.5% at 3 months, the
current emphasis is naturally on safety. In the ESCORTE
survey published in 2006 of nearly 7000 hip fractures with
prolonged postoperative LMWH prophylaxis, the overall
rate of thromboembolic events was 1.34% at 3 months, the
rate of severe bleeding was 1.2% at 6 months, the rate of
fatal bleeding and also of pulmonary embolism was 0.2%,
and the rate of fatal pulmonary embolism was 0.04%.11
GUIDELINES

There are many well-conducted studies and several meta-
analyses on the prevention of thromboembolic disease.
A number of guidelines are available. The ACCP guide-
lines are updated every 4 years, and the eighth version
was published in June 2008.2 NICE published very
detailed guidelines in 2007.4 French guidelines from the
Société Française d’Anesthésie Réanimation (SFAR) were
translated into English and published in 2006.3
AUTHOR’S RECOMMENDATIONS

l The overall thromboembolic risk is the resultant of patient-
related risk and surgical risk. The surgical risk is decreasing,
especially with the introduction of new procedures (fast-track
surgery).

l The value of prophylaxis has been firmly established.
l Mechanical prophylaxis is to be used as first-line prophylaxis
when there is a risk of bleeding. Combining this with drugs
increases the antithrombotic efficacy. However, the effective-
ness of prophylaxis on pulmonary embolism and mortality risk
has not been demonstrated.

l Renal function needs to be evaluated when LMWH, fondapar-
inux, dabigatran, or rivaroxaban is prescribed. Age over 75
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AUTHOR’S RECOMMENDATIONS—Cont’d

years and low body weight (less than 50 kg) have to be taken
into account.

l There is a risk of spinal or epidural hematoma in patients
receiving anticoagulants. Caution should be exercised, espe-
cially when administering the newer agents.

l Patients undergoing surgery that involves a moderate or high
overall risk should receive prophylaxis until full mobilization.
Patients who have undergone a total hip replacement, surgery
for hip fractures, or major abdominal surgery should receive
prophylaxis for about 5 weeks longer.1

l The relevance of distal vein thromboses is debated. Surrogate
venographic endpoints should be gradually replaced by a
combination of ultrasound and clinical criteria.

l The new antithrombotic agents will probably modify preven-
tion in the years to come, but currently there are very few long-
term data for these products, for which no antagonists are
available.
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What Is the Optimal
Perioperative Management
for Latex Allergy?

Robert S. Holzman, MD, FAAP
INTRODUCTION

Anaphylaxis and the first deaths resulting from exposure
to latex were reported by Slater in 1989.1 Rapid recog-
nition of latex allergy and dissemination of information
led to numerous case reports, guidelines, and policies that
were well meaning and informative, but the evidence
linking various latex products with manufacturing techni-
ques, clinical practices, and patient outcome has evolved
over the last 20 years. Anesthesiologists have often been
on the front lines of latex allergy management and were
among the earliest to treat life-threatening latex allergy.2-7

Natural rubber latex (NRL) is a complex suspension of
polyisoprene, lipids, phospholipids, and proteins. The pro-
teins are found in three physical states: water-soluble,
starch-bound, or latex-bound proteins, and there are at
least 240 potentially allergenic proteins in the processed
latex product. The protein content of latex gloves can vary
up to 1000-fold among different lots marketed by the same
manufacturer, and 3000-fold between gloves from different
manufacturers.8 A number of chemicals, including preser-
vatives, accelerators, antioxidants, and vulcanizing com-
pounds, are added during the manufacturing process to
yield the final product. Finally, cornstarch is commonly
used as a lubricant in order to facilitate the donning and
removal of surgical gloves. A typical pair of surgical gloves
carries as much as 700 mg of cornstarch powder.9

Although the Food and Drug Administration (FDA)
now requires identification of the latex content of medical
equipment, there is no requirement to quantify the aller-
gen level. The misleading label of “hypoallergenic” had
been a source of confusion over the years; as of September
30, 1998, the FDA eliminated the term “hypoallergenic”
from any product that contains latex. The term “glove
powder content” encompasses several particulate compo-
nents including dusting or donning powder, mold-release
compounds, and manufacturing debris. Dusting or don-
ning powder must meet specifications of the United States
Pharmacopoeia (USP) to be acceptable for use as a lubri-
cant for medical gloves. Cornstarch is currently the lubri-
cant most commonly used for medical gloves, but calcium
carbonate, oat powder, talc, and lycopodium have all been
used. The amount of particulate matter on a medium-size
powdered glove is 120 to 400 mg. For a manufacturer to
make the claim that its gloves are “powder free” or “pow-
derless,” they must meet the FDA limit of less than 2 mg
per glove. At this time, there are no federal requirements
that define acceptable maximum powder levels.

OPTIONS

Latex allergy is now established as a significant health care
concern. Several issues are reviewed here in order to
better understand the evidence for optimal perioperative
management of latex-allergic patients:

1. Avoiding latex exposure from birth in certain high-risk
pediatric groups or in anticipation of multiple surgical
procedures

2. Engineering a latex-safe perioperative environment
3. The role of chemoprophylaxis
4. Minimizing latex exposure for unaffected as well as

affected health care workers
5. Desensitization strategies for short- and long-term care

of latex-allergic patients

EVIDENCE

Evidence for Avoiding Latex Exposure from
Birth in Certain High-risk Pediatric Groups or in
Anticipation of Multiple Surgical Procedures

Degenhardt and colleagues10 reviewed 86 children (mean
age, 10.2 years) who underwent gastrointestinal or uro-
logic surgery in the first year of life. Twenty-seven
patients were sensitized to latex (31.4%). Twenty patients
were atopic (25.6%). Atopic patients were more often sen-
sitized and provocation positive to latex (p <0.01). Chil-
dren already operated on in the first year of life (n ¼ 44)
with a positive provocation showed significantly higher
latex-specific immunoglobulin E (IgE) values than indivi-
duals with a negative outcome (p <0.0001). More than
eight surgical interventions during the first year of life
increased the risk of clinical allergy to latex.10 Nieto and
colleagues11 found that over 6 years, the prevalence of
latex sensitization fell from 4 of 15 (26.7%) to 1 of 22
(4.5%) in children with spina bifida treated in a latex-free
environment from birth compared with historical controls.



Chapter 37 What Is the Optimal Perioperative Management for Latex Allergy? 251
Evidence for the Efficacy of a Latex-safe
Perioperative Environment

The notion of a “latex-safe” environment was introduced
in 1992.12 In a case report, Valentino and colleagues13

described four cases of health care workers with dermati-
tis and work-related respiratory symptoms. The subjects
were diagnosed with latex hypersensitivity after skin
prick testing (SPT) and the latex-specific IgE were posi-
tive. In addition, changes in methacholine responsiveness
took place. In one case, an occupational exposure test was
carried out, which resulted in a 24% decrease in the FEV1

after 25 minutes of inhalation exposure. At least 1 year
after the diagnosis, two nurses who had been removed
completely from latex exposure experienced no further
latex-induced symptoms.13 In another case report, four
health care workers with suspected latex-glove–related
respiratory and skin disorders had a positive skin test
reaction to the latex extract; specific IgE antibodies were
detected in only one subject. The fourth subject had a neg-
ative specific inhalation and skin test reaction to the latex
extract. Peak expiratory flow monitoring at work and
away from work showed a pattern consistent with work-
related asthma.14 In still another case report, four nurses
with previous allergic contact urticaria to latex surgical
gloves dusted with cornstarch powder were exposed to
nonpowdered latex surgical glove extract, powdered latex
surgical glove extract, and cornstarch powder extract,
respectively. Whereas nebulization of cornstarch powder
extract caused no bronchial reaction in the patients, nebu-
lization of nonpowdered latex surgical glove extract as an
undiluted solution induced immediate bronchoconstric-
tion in two subjects, and nebulization of powdered latex
surgical glove extract induced immediate bronchocon-
striction in all subjects at the 1:10 dilution.15 Protein aller-
gen can be demonstrated to be transferred to the powder
in surgical gloves.16,17

In a prospective controlled study, Heilman and collea-
gues18 showed that rubber gloves are the major contribu-
tor to latex aeroallergen levels in the operating room by
sampling operating room air on 52 consecutive days,
including 33 surgery days and 19 nonsurgery days. On
each surgery day all personnel wore either high-allergen
gloves (n ¼ 18 days) or low-allergen gloves (n ¼ 15 days).
Latex aeroallergen levels (ng/M2) and extractable latex
glove allergen contents were measured by inhibition
immunoassays. Latex aeroallergen levels during low-
allergen glove use days were lower than on high-allergen
glove use days (p <0.001) but not significantly different
from that on nonsurgery days. Latex aeroallergen levels
were correlated with the total number of gloves used on
designated high-allergen glove days (r ¼ 0.66, p ¼
0.003).18 Liss and colleagues19 evaluated 2062 hospital
employees who regularly used latex gloves. Glove extracts
were assayed for antigenic protein, and area and personal
air samples were obtained on two occasions (summer and
winter) to estimate exposure to airborne latex protein.
An interviewer administered a questionnaire on medical
and occupational information. SPT was performed with
latex reagents, three common inhalants, and six foods.
Protein concentrations were 324 (�227) mcg/g in pow-
dered surgical gloves and 198 (�104) mcg/g in powdered
examination gloves. Personal latex aeroallergen concen-
trations ranged from 5 to 616 ng/M3. There were a total
of 1351 (66%) participants. The prevalence of positive
latex skin tests was 12.1%. This prevalence did not vary
by sex, age, hospital, or smoking status, but subjects
who were latex positive were more likely to be atopic
(p <0.01). Participants who were latex positive were also
more likely to have positive skin tests to one or more
foods. Work-related symptoms were more often reported
among latex-positive subjects and included hives (odds
ratio [OR] ¼ 6.3), eye symptoms (OR ¼ 1.9), and a wheezy
or whistling chest (OR ¼ 4.7). The prevalence of latex sen-
sitivity was highest among laboratory workers (16.9%)
and nurses and physicians (13.3%). When the glove con-
sumption per health care worker for each department
was grouped into tertiles, the prevalence of latex skin test
positivity was greater in the higher tertiles of glove use
for sterile (surgical) gloves (p <0.005) but not for examina-
tion gloves.19 In a single-case report, an 8-year-old girl
who experienced intraoperative latex anaphylaxis from
which she was successfully resuscitated underwent suc-
cessful surgery 2 weeks later when neoprene surgical
gloves were used and all latex products eliminated from
the anesthetic equipment.20 It is ironic that health care
workers are surrounded by most antigenic NRL devices;
powdered surgical latex gloves, elastic bandages, and
Penrose drains contain antigenic concentrations of hevein
fractions that are an order ofmagnitude greater than house-
hold rubber gloves, toy balloons, or latex mattresses.21

Beezhold and colleagues22 have shown that a reduction
in protein content will lower antigen levels and allergeni-
city of latex medical gloves. Three types of NRL gloves
were manufactured with a common batch of compounded
latex and analyzed for total protein and specifically for
latex proteins. Allergen levels in the extracts were deter-
mined by endpoint titration SPT on patients allergic to
NRL. Fifty-eight percent of patients allergic to latex
reacted at the 50 mcg/g detection limit allowed by the
FDA. The enzyme-linked immunosorbent assay (ELISA)
had a good correlation with SPT reactivity (r ¼ 0.93) and
gloves testing below the ELISA reporting limit (0.06
mcg/mL) had a lower potential for eliciting reactions in
patients allergic to latex.22 Bronchial hyperresponsiveness
is degraded with the use of lower-antigen-content gloves.
Eight health care workers with latex-induced asthma were
exposed to the powdered latex gloves causing asthma at
work and various brands of gloves with a lower protein
content, whether low-powdered, nonpowdered, or pow-
dered. Exposure to lower-antigen gloves resulted in the
absence (in six subjects) or a significant reduction (in
two subjects) of bronchial response.23 Reduction of latex
allergen content can also be accomplished in other medi-
cal devices. Lundberg and colleagues24 evaluated three
methods (water leaching, chlorination, and treatment with
savinase) of protein reduction in medical catheter bal-
loons. All the methods used to reduce the allergen content
were effective, and increased leaching stabilized the aller-
gen content at a low level.24

Product alternatives and nonallergenic natural latex
alternatives exist. Siler and colleagues25 studied Parthe-
nium argentatum (guayule), an alternative rubber source.
IgE antibodies from 62 subjects allergic to Hevea latex
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(46 adults and 16 children with spina bifida) and from
serum pools of adults allergic to Hevea latex (n ¼ 183),
pediatric patients (n ¼ 101), and patients with spina bifida
(n ¼ 53), as well as IgG antibodies from hyperimmunized
mice, were unable to cross-react with any proteins in gua-
yule by RAST or Western blot analysis. No competitive
inhibition of IgE anti-Hevea binding to Hevea solid phase
was detected by the preincubation of sera from subjects
allergic to Hevea latex with soluble guayule latex before
RAST analysis.25 Antigenic proteins in natural latex sap
and latex gloves can be changed by treatment with KOH
solution, which is followed by a loss of their capability
to bind specific IgE antibodies from most latex-sensitized
patients. A KOH concentration, temperature, and time-
dependent decrease in allergenicity, finally resulting in
complete loss of IgE-binding activity, occurs. Using an
SPT, Baur and colleagues26 found only four weakly posi-
tive reactions to proteins extracted from KOH-washed
gloves in 30 latex-sensitized patients. Up to 97% of the
aqueous extractable protein content can be removed from
latex gloves by washing in KOH solution under certain
conditions.26

Glove powder, specifically cornstarch, promotes latex
sensitization as a result of bonding with protein from the
latex.17 Cornstarch particles readily adsorb latex allergens
and increase allergenicity of the gloves.27 This protein-
bearing powder is readily aerosolized and can remain sus-
pended in the air for as long as 5 hours and is also easily
transferred from the hands of the wearer to items of cloth-
ing, other areas such as skin and hair, and inanimate
objects such as food and telephones.28 Additionally, corn-
starch carrying the latex allergen is readily aerosolized
and has been associated with respiratory allergic symp-
toms.29 Air samples have been collected from work sites
by using area and personal breathing zone air samplers.
Latex aeroallergen concentrations where powdered latex
gloves were frequently used ranged from 13 to 208 ng/
M3, and in areas where powdered latex gloves were never
or seldom used, concentrations ranged from 0.3 to 1.8 ng/
M3. Installation and use of a laminar flow glove changing
station in one work area did not reduce latex aeroallergen
levels. Large quantities of allergen were recovered from
used laboratory coats and anesthesia scrub suits and from
laboratory surfaces. Latex allergen concentrations in per-
sonal breathing zone samplers worn by health care work-
ers in areas where powdered gloves were frequently used
ranged from 8 to 974 ng/M3.28 Airborne latex aller-
gen exposure in the workplace of a hospital laboratory
technician with occupational latex sensitization whose co-
workers changed to powder-free latex gloves with sub-
sequent resolution of her symptoms was compared with
a laboratory still using powdered latex gloves. Levels were
below the level of detection (less than 0.02 ng/M3 of latex
allergen) in the laboratory using powder-free latex gloves
but ranged from 39 to 311 ng/M3 in the laboratory using
powdered gloves.30 The use of nonpowdered, low-protein
natural rubber latex (NRL) gloves has been shown to
reduce respiratory symptoms in latex-allergic individuals.
Howell and colleagues31 have shown that mice demon-
strated dose-dependent increases in total serum IgE levels
with increased airway hyperreactivity on respiratory
challenge with methacholine (day 60) or nonammoniated
latex proteins (day 93).

NRL plungers in syringes and multidose vial stoppers
have also come under scrutiny. Jones and colleagues32

examined extracts of syringe plungers and collagen
solutions for latex allergens before and after storage in
syringes with NRL plungers. Thirty-nine patients known
to be allergic to latex underwent SPT with extracts of
the latex plungers, collagen solutions before and after
storage in syringes, standard latex skin test reagents, four
extracts from commercially available gloves, and positive
(histamine) and negative (diluent) control solutions.
Thirty-one control patients not known to be latex allergic
were similarly tested. No latex proteins were detected
using in vitro immunochemical techniques. Only 1 of 39
(2.5%) latex-allergic patients reacted to the syringe extract
and the collagen stored in the syringe; no reactions were
recorded to collagen that had no contact with latex.32

Thomsen and colleagues33 examined the practice of
removing natural rubber stoppers on multidose vials as
a means of decreasing exposure to latex protein. Twenty
samples were prepared in accordance with latex-allergy
precaution guidelines to include removal of the stopper;
five latex-free samples and one latex-contaminated sam-
ple served as negative and positive controls. The conven-
tional method involved swabbing a vial top with an
alcohol prep pad, puncturing the dry natural rubber stop-
per with an 18-gauge needle attached to a latex-free
syringe, and withdrawing the contents of the vial into
the syringe. The latex-allergy precaution preparation tech-
nique was similar, except that the stopper was removed
before the vial contents were withdrawn. There was no
difference in latex allergen concentrations between the
two drug preparation methods. None of the samples
prepared with the standard method supported any micro-
bial growth, whereas one sample prepared with the latex-
allergy precaution method grew bacteria.33

Birmingham and colleagues34 examined the preva-
lence of intraoperative allergic reactions in children
with spina bifida who underwent 1025 operations in a
36-month period before and after institution of a stan-
dardized latex-avoidance protocol. Risk factors for an
intraoperative reaction were a history of latex allergy
(p ¼ 0.001) and surgery performed before institution of
the latex-avoidance protocol (p ¼ 0.01). The estimate of
increased risk for allergic reaction was 3.09 times higher
in cases performed without latex avoidance. Recognized
violation of the protocol after its institution led to severe
allergic reactions in three patients.34 Potter and collea-
gues35 screened 2316 hospital workers for the presence
of work-related symptoms. Workers who were symp-
tomatic had RAST or skin-prick tests to confirm latex
sensitivity, and latex-avoidance measures were imple-
mented in positive subjects. One hundred symptomatic,
sensitized individuals were followed up 3 months after
intervention to assess their clinical status, and a cohort
of 25 individuals with ongoing nasal symptoms was
studied in detail. Sensitized symptomatic workers were
more likely to have had a previous history of urticaria
(p <0.001), oral allergy syndrome (p <0.001), or allergic
conjunctivitis (p ¼ 0.001) but not hay fever, perennial
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rhinitis, eczema, or insect allergies. Ocular and cutane-
ous symptoms were associated with latex sensitization
(p <0.001). After avoidance measures were introduced,
ocular symptoms (p <0.001), skin rashes (p <0.001), and
wheezing (p ¼ 0.001) reduced significantly. Nasal symp-
toms did not improve.35

Tarlo and colleagues36 assessed an intervention program
to reduce exposure and detect cases of sensitization early
among 8000 hospital employees. Using a retrospective
review, the annual numbers of employees visiting the occu-
pational health clinic, allergy clinic, or both for manifesta-
tions of NRL allergy compared with the timing of
introduction of intervention strategies, such as worker edu-
cation, voluntary medical surveillance, and hospital conver-
sion to low-protein, powder-freeNRL gloveswas examined.
The number of workers identified with NRL allergy rose
annually, from1 in 1988 to 6 in 1993.Whenworker education
and voluntarymedical surveillancewere introduced in 1994,
a further 25 workers were identified. Nonsterile gloves were
changed to low-protein, powder-free NRL gloves in 1995.
Diagnoses fell to 8 workers that year, and 2 of the 3 nurses
who had been off work because of asthma-anaphylaxis were
able to return to work with personal avoidance of NRL pro-
ducts. With a change to lower-protein, powder-free NRL
sterile gloves in 1997, allergy diagnoses fell to 3, and only 1
new case was identified subsequently.36 Saary and collea-
gues37 used a historical controlmethod to compare sensitiza-
tion and clinical allergy rates to latex in the student body
of a dental school to determine whether a change in
glove use from high-protein/powdered to low-protein/
powder-free latex gloves reduced the prevalence of NRL
sensitivity. A total of 97 subjects (61 students and 36 staff
members) completed the questionnaire and underwent
SPT; this comparedwith 131 subjects in 1995. Subjects report-
ing asthma symptoms, rhinitis or conjunctivitis, urticaria, or
pruritis within minutes of NRL exposure were 4%, 7%, 6%,
and 8%, respectively; the corresponding percentages in the
1995 survey were 7% (n.s.), 13% (n.s.), 20% (p ¼ 0.004), and
22% (p¼ 0.005). Results were similar for the subset of senior
students, but in addition therewere also fewer complaints of
rhinoconjunctivitis in 2000 than in 1995 (0% and 12%, respec-
tively; p¼ 0.007). Of 97 subjects who underwent SPT, 3 (3%)
had positive SPT responses of 2þ or greater to NRL; this
compared with 13 (10%) of 131 subjects in 1995 (p ¼ 0.03).
There were 3 positive SPT responses among staff members
in 2000; there were none among students.37 The long-term
outcome atwork following a change of gloves in theworking
environment from high- to low-allergen latex or nonlatex
gloves was examined among hospital workers from 1995 to
1996; 160 of 174 adult subjects diagnosed with NRL allergy
between 1982 and 1994 were reexamined 3 years after the
diagnosis. Special attention was paid to the occurrence of
hand eczema. Of 71 health care workers and 89 non–health
care workers, 72% and 83% were atopic; 54% and 65% had
hand eczema at the time of original diagnosis and 89% and
19% hadwork-related allergy toNRL, respectively. On reex-
amination, none of the health care workers had changed
work because of NRL allergy, and only 38% had hand
eczema.Ninety-eight percent of the non–health careworkers
(of whom 58% had hand eczema) continued with their
previous jobs.38
Evidence for the Efficacy of Chemoprophylaxis

One case report has noted the relative inefficacy of chemo-
prophylaxis in preventing a latex allergy reaction.39 On the
other hand, another case report indicated that in a
subsequent anesthetic, a patient who had previously experi-
enced latex anaphylaxis was successfully managed with a
preoperative regimen of diphenhydramine, ranitidine, and
hydrocortisone, as well as latex avoidance.7 Holzman40

reviewed 162 children with latex allergy who underwent
267 anesthetics according to a latex-safe protocol without
chemoprophylaxis. One patient of 162 (1 procedure of 267)
had an allergic reaction after injection of an epidural catheter
with pharmacy-prepared bupivacaine and fentanyl.40
Evidence for Minimizing Latex Exposure for
Unaffected as well as Affected Health Care
Workers

Forty-eight epidemiologic studies of type I latex allergy
among health care workers were subjected to meta-analy-
sis and revealed a prevalence of sensitization in health
care workers between 0% and 30%; this large variation
remains unexplained.41 Increased risk of sensitization
was not clearly associated with the duration of work in
health care, the time spent wearing latex gloves, the fre-
quency of exposure, the specific job categories, the use of
powdered versus nonpowdered latex gloves, the use of
latex versus nonlatex gloves, or any measurements of
ambient exposure to latex proteins in the studies cited.
The conclusion of this meta-analysis was that epidemio-
logic studies do not support the notion that health care
workers are at clearly increased risk of latex sensitization
or type I allergies compared with other occupations in
the United States and that the role of latex gloves in caus-
ing latex sensitization and type I allergic symptoms
remains poorly defined because of the inconsistent results
of the earlier studies.41 On the other hand, LaMontagne
and colleagues42 reviewed eight primary prevention stud-
ies where powdered latex gloves were replaced by low-
protein, powder-free NRL gloves or latex-free gloves.
They found that the glove replacements greatly reduced
NRL aeroallergens, NRL sensitization, and NRL asthma
in health care workers.42
Desensitization Strategies for Short- and
Long-term Care of Latex-Allergic Patients

Attention is now being turned to immunotherapy for latex-
allergic patients, using the same principles of desensitiza-
tion that have proven effective for patients with insect
allergy. Strategies that have been applied include subcuta-
neous, percutaneous, and sublingual desensitization.43,44

Although the latter strategies may generally be safer and
more effective, subcutaneous desensitization has been the
more standard approach. Nevertheless, at this time, the
benefits of immunotherapy include an improvement in
cutaneous symptomswith a possible improvement in rhini-
tis and asthma.45,46More important, these efforts may point
theway for acute (i.e., within 4 days of surgery) preparation
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for exposure to a latex-containing environment, as well as a
possible solution for occupational exposure on a long-term
basis to a latex-containing environment for previously
latex-allergic individuals.
CONTROVERSIES

A possible shortcoming of health care workers conducting
studies onhealth careworkers is that “occupationalmyopia”
may affect the conclusions. On the other hand, caution in
embracing the conclusion of the meta-analysis is warranted,
because clinical latex allergy remains a relatively rarely
encountered problem. The dearth of prospective, rando-
mized controlled trials relative to the number of case-control
or concurrently evaluated clinical reportsdoesnot negate the
validity of the immunologic findings in clinically affected
Table 37-1 Perioperative Management of Latex-Aller

PREOPERATIVE

Solicit specific history of latex allergy or risks for latex aller
Chronic care with latex products
History of spina bifida or repeat urologic reconstructive s
History of multiple surgical procedures (e.g., >9)

History of intolerance to latex products: balloons, rubber glo
catheters

Allergy to tropical fruits
Intraoperative anaphylaxis of uncertain etiology
Health care workers, especially with a history of atopy o
Consider allergy consultation
Minimize latex exposure for at-risk patients

Latex alert: patients with significant risk factors for latex all
Latex allergy: patients with or without significant risk factor

and allergy evaluation

Careful and thorough communication between surgical, ane
Nonlatex product alternatives
Scheduling—first case of the day preferable
Display “Latex Allergy” or “Latex Alert” signs inside and

INTRAOPERATIVE

Anesthesia equipment
Latex-free gloves, airways, endotracheal tubes
Masks—polyvinylchloride if available or old, well-washe
Rebreathing bags—neoprene if available or old, well-was

Ventilator bellows—neoprene or silicone if available or old,
Breathing circuit—disposable, polyvinylchloride, packaged s

Blood pressure cuffs—if new latex, cover with soft cotton
Ambu-type bag—ensure that bag and valve do not have lat

self-inflating bag
Check syringe plungers for latex content
patients. Because the risks are so significant, vigilance should
be maintained until more is understood, particularly the
long-term effects of latex exposure in certain occupations
and the basic biology of susceptibility to latex allergy in
certain populations such as those with spina bifida.
GUIDELINES

The American Society of Anesthesiologists publication
“Natural Rubber Latex Allergy: Considerations for
Anesthesiologists” (http://www.asahq.org/publications
AndServices/latexallergy.html) provides guidelines for
management of the latex-allergic patient and health care
worker, as well as considerations for health care facilities.
These practical guidelines are summarized in Tables 37-1
and 37-2.
gic Patients

gy

urgery

ves, condoms, dental dams, rubber urethral

r hand eczema

ergy but no overt signs or symptoms
s for latex allergy and positive history, signs, symptoms,

sthesia, and nursing teams

outside the operating room

d black rubber masks
hed black rubber bags
well-washed black rubber bellows
eparately from a latex rebreathing bag

ex components; alternative is silicone

(Continued)

http://www.asahq.org/publicationsAndServices/latexallergy.html
http://www.asahq.org/publicationsAndServices/latexallergy.html


Table 37-2 Treatment of Latex-Induced Hypersensitivity Reactions

INITIAL THERAPY

1. Stop administration/reduce absorption of offending agent
2. Remove all latex from the surgical field
3. Change gloves
4. Discontinue all antibiotic and blood administration
5. Maintain the airway and administer 100% oxygen
6. Intubate the trachea, as indicated
7. Administer 25-50 mL/kg of crystalloid or colloid, as indicated
8. Administer epinephrine:

Intravenous: 0.1 mcg/kg or approximately 10 mcg in an adult
Subcutaneous (in the absence of an IV): 300 mcg (0.3 mg)
Endotracheal: five to 10 times the intravenous dose, or 50-100 mcg in an adult (10 mL of 1:10,000 dilution)

9. Discontinue all anesthetic agents
10. Display prominent signs such as “Latex Allergy” or “Latex Alert” on the inside of the operating room, as well as

on the entry doors

SECONDARY THERAPY

1. Administer antihistamine
Diphenhydramine 1 mg/kg IV or IM (maximum dose 50 mg)
Ranitidine 1 mg/kg (maximal dose 50 mg)

2. Administer glucocorticoids
Hydrocortisone 5 mg/kg initially and then 2.5 mg/kg every 4-6 hours
Methylprednisolone 1 mg/kg initially and 0.8 mg/kg every 4-6 hours

3. Administer aminophylline for bronchospasm (may be ineffective during anesthesia)
Loading dose 5-6 mg/kg Continuous infusion 0.4-0.9 mg/kg/hr (check blood level)

4. Administer inhaled beta-2 agonists for bronchospasm
5. Administer a continuous catecholamine infusion for blood pressure support

Epinephrine 0.02-0.05 mcg/kg/min (2-4 mcg/min)
Norepinephrine 0.05 mcg/kg/min (2-4 mcg/min)
Dopamine 5-20 mcg/kg/min
Isoproterenol (same dosing as epinephrine)

6. Administer sodium bicarbonate, as indicated 0.5-1 mg/kg initially, with titration using arterial blood gas analysis

Table 37-1 Perioperative Management of Latex-Allergic Patients—Cont’d

SURGICAL EQUIPMENT

Avoid latex surgical gloves
Avoid latex drains (e.g., Penrose)
Avoid latex urinary catheters
Avoid latex instrument mats
Avoid rubber-shod clamps
Avoid latex vascular tags
Avoid latex bulb syringes for irrigation
Avoid rubber bands

POSTOPERATIVE

Medical alert (e.g., Medic Alert) tag
Warning sign posted on chart
Warning sign posted on bed

Chapter 37 What Is the Optimal Perioperative Management for Latex Allergy? 255
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AUTHOR’S RECOMMENDATIONS

l Anesthesiologists should recognize that there are patients who
have a higher risk of latex allergy: those with spina bifida,
bladder extrophy, and/or multiple surgeries; health care
workers; atopic individuals; and workers in the rubber
industry.

l Powdered latex gloves are the most important source of sensi-
tization. The risk of NRL allergy appears to be largely linked to
occupational exposure by aerosol or cutaneous contact. Air-
borne NRL is dependent on the use of powdered NRL gloves;
conversion to non-NRL or nonpowdered low-allergen NRL
substitutes results in predictable rapid disappearance of
detectable levels of aeroallergen. After occupational exposure,
rates of sensitization and NRL-induced asthma are elevated in
individuals using powdered NRL gloves but not in individuals
using powder-free low-allergen or non-NRL gloves.

l Preventive measures reduce latex sensitization and reverse
allergic reactions. Institution of latex-safe measures is effective
in preventing allergic reactions.

l Chemoprophylaxis does not play a significant role in reducing
the risk of NRL allergic reactions.

l Avoidance of latex antigen exposure, particularly in popula-
tions occupationally or genetically susceptible to sensitization,
remains the cornerstone of safe medical management and
institutional policy. The specific role of immunotherapy is
evolving and requires more research.
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Are There Special Techniques in
Obese Patients?

David M. Eckmann, PhD, MD
INTRODUCTION

The obesity epidemic now affects a significant proportion of
the adult population in the United States and throughout
developed nations.1 The body mass index (BMI) is the most
widely applied classification used to assess weight status.
The BMI is defined as one’s weight, measured in kilograms,
divided by the square of one’s height, measured in meters.
Using this system, patients are considered overweight with
a BMI between 25 and 29.9 kg/m2 and obese with a BMI
between 30 and 49.9 kg/m2. Obese classification is further
subdivided into class 1 (BMI range 30 to 34.9 kg/m2), class
2 (35 to 39.9 kg/m2) and class 3 (40 to 49.9 kg/m2), based on
increasing risk of developing health problems. Patients with
a BMI of 50 kg/m2 or greater are considered superobese.

It is estimated that more than 100,000,000 Americans,
or 65% of the U.S. adult population, are overweight or
obese. Obesity is often accompanied by multiple comorbid
states, including insulin resistance, type 2 diabetes mellitus,
obstructive sleep apnea, hypoventilation, cardiovascular
disease, hypertension, certainmalignancies, and osteoarthri-
tis. Obesity is associatedwith early death. The rapid increase
in the prevalence of both morbid obesity and superobesity,
together with the increased risk of early demise within the
obese population, has significantly increased the number of
bariatric surgical procedures performed annually to enable
patients to lose weight. It is estimated that over 175,000 bar-
iatric surgeries were performed in 2006 and that over
200,000will be performed in 2008 and beyond. Care of obese
patients is not limited to obesity surgery, however, because
these patients undergo all types of operations.

Obese patients present special challenges for the anes-
thesiologist in airway management, positioning, monitor-
ing, choice of anesthetic technique and anesthetic agents,
pain control, and postoperative care. The most significant
and best studied of these are in the areas of endotracheal
intubation following careful patient positioning and pul-
monary physiology and maintenance of oxygenation and
lung volume. There is mounting evidence that specific
interventions, techniques, and approaches used in caring
for obese patients alter outcomes.

PATIENT POSITIONING AND AIRWAY
MANAGEMENT

Laryngoscopy and endotracheal intubation have often
been considered more difficult to perform in obese
patients than those having a normal BMI. This is usually
thought to result from the obese patient having a short,
thick neck, large tongue, and significant redundant pha-
ryngeal soft tissue. The correlation between morbid obe-
sity and difficulty with laryngoscopy and intubation is
not the universally observed clinical experience, however.
In fact, it is also often reported that there is no difference
between laryngoscopy and intubation in thin and obese
individuals. This is likely to result from a simple, but
important, difference in clinical practice. Careful attention
to patient positioning before induction of general anesthe-
sia plays an important role in providing optimal condi-
tions for successful placement of the endotracheal tube
under direct vision.
PULMONARY PHYSIOLOGY AND
MAINTENANCE OF OXYGENATION
AND LUNG VOLUME

Obese patients have multiple pulmonary abnormalities,
including decreased vital capacity, inspiratory capacity,
expiratory reserve volume, and functional residual capac-
ity. Closing capacity in obese individuals is close to, or
may fall within, tidal breathing, particularly with patients
in supine or recumbent position. The obese patient is likely
to undergo rapid oxygen desaturation, particularly during
periods of apnea such as occur during induction of gen-
eral anesthesia, and may derecruit gas exchange units
throughout the anesthetic course.2 A variety of maneu-
vers have been studied as measures to preserve oxygena-
tion and maintain lung volume specifically in the obese
population.
EVIDENCE

A number of studies have been conducted to determine
the incidence of difficult laryngoscopy or intubation in
the obese population (Table 38-1). However, although
many of these studies have demonstrated a significant
increase in the incidence of difficult laryngoscopy or
intubation in comparison to the general population,
some studies have shown no difference whatsoever. One
study attempting to associate oropharyngeal Mallampati
classification along with BMI as predictors of difficult lar-
yngoscopy found a significantly higher positive predictive
value of difficult laryngoscopy using both indices (BMI
and Mallampati classification).3 During laryngoscopy,
patients’ heads were maintained in optimum sniffing



Table 38-1 Summary of Trials for Airway Management

Study, Year

Number of Subjects
(Intervention/No
Intervention)

Study design
Double-blind
Placebo-controlled Intervention Control Outcomes

Voyagis, 1998 1833 (1733 normal/99
obese)

Unblinded None Sniffing position Increased risk of difficult
laryngoscopy with obesity

Brodsky, 2002 100 obese Unblinded None Ramped
position

Obesity does not increase
intubation difficulty

Juvin, 2003 263 (134 normal/129
obese)

Unblinded None Semirecumbent,
sniffing position

Increased risk of difficult
intubation with obesity

Ezri, 2003 50 obese Unblinded None Sniffing position Increased risk of difficult
laryngoscopy with greater
neck soft tissue

Collins, 2004 60 obese (30 ramped/30
sniffing position)

Blinded Ramped
position

Sniffing position Improved laryngoscopic view
in ramped position
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position, regardless of BMI. In a study conducted exclu-
sively with obese patients, BMI was not found to be asso-
ciated with intubation difficulties.4 A high Mallampati
score was identified as a predictor of “potential intubation
problems,” but intubation by direct laryngoscopy was
successful in 99 of 100 patients studied. All patients were
positioned with pillows or towels under their shoulders,
with the head elevated and neck extended. Another group
studied both lean and obese patients and found a Mallam-
pati score of III or IV to be the only independent risk fac-
tor for difficult intubation in the obese study group.5 The
authors determined the Mallampati score to have low
specificity and positive predictive values (62% and 29%,
respectively) for difficult intubation. They concluded that
intubation was more difficult in the obese patients. During
intubation, patients in this study were placed in a semire-
cumbent position (30�) with the head in the sniffing posi-
tion. Another group of authors used ultrasound to
quantify the amount of soft tissue between the skin and
the anterior aspect of the trachea at the level of vocal
cords.6 They also used classical assessment of difficult
intubation, including measurement of thyromental dis-
tance, mouth opening, degree of neck mobility, Mallam-
pati score, neck circumference, and presence of sleep
apnea. Only the abundance of pretracheal soft tissue
measured ultrasonically and neck circumference were
positive predictors of difficult intubation. Laryngoscopy
was carried out with patients in the sniffing position. A
meta-analysis of 35 studies, including the four studies
described previously, was conducted to determine the
diagnostic accuracy of preinduction tests for predicting
difficult intubation in patients having no airway pathol-
ogy.7 A major finding was that the incidence of difficult
intubation in obese patients was three times the incidence
determined in the nonobese population. This may have
resulted from suboptimal patient positioning, which was
not clearly described in any of the preceding studies to
include ramped positioning, or elevating the upper body
and head of morbidly obese patients to align the ear with
the sternum horizontally, as has been shown to improve
laryngoscopic view.8 In that study of morbidly obese
patients, patients were assigned to be either in sniffing
position or ramped position for the laryngoscopy and
intubation. The study results showed a statistically signif-
icant difference in laryngeal view, with ramped position
providing the superior view.

Research has also been conducted to examine the rate
of development of hypoxemia in patients during apnea
(Table 38-2). In one study patients received 100% oxygen
by facemask for denitrogenation before induction of gen-
eral anesthesia.2 Apnea was permitted until the SpO2 fell
to 90%. Obese patients reached the endpoint in less than
3 minutes, whereas it took 6 minutes in patients having
a normal BMI. Efforts to prevent atelectasis formation
and desaturation during induction of general anesthesia
in the obese population have included application of
continuous positive airway pressure (CPAP) during
preoxygenation,9-11 along with the addition of positive
end-expiratory pressure (PEEP) and mechanical ventila-
tion by mask after induction.11 Application of 10 cm
H2O CPAP during preoxygenation in supine position
resulted in a higher PaO2 after intubation and decreased
the amount of atelectasis that developed.9 The combina-
tion of CPAP during preoxygenation and PEEP/mechani-
cal ventilation after induction significantly prolonged the
nonhypoxemic apnea duration to 3 minutes from 2 min-
utes found in controls not receiving CPAP or PEEP. Use
of 7.5 cm H2O CPAP during 3 minutes of preoxygenation
while supine, however, did not alter the time required
for obese patients to desaturate to an SpO2 of 90%.10

Preoxygenation using 25� head-up (i.e., back inclined), as
opposed to supine, positioning without positive airway
pressure did prolong the time required for anesthetized,
apneic, obese individuals to desaturate to an SpO2 of
92%.12 The patients in head-up position had a signifi-
cantly higher PaO2 after preoxygenation, just before
induction. The obesity-associated gas exchange defect
was shown to depend on the waist-to-hip ratio, an index
of the distribution of adipose tissue surrounding the
thorax.13 This study also demonstrated that morbidly



Table 38-2 Summary of Trials for Oxygenation and Pulmonary Mechanics

Study, Year

Number of
Subjects
(Intervention/No
Intervention)

Study Design
Double-blind
Placebo-
controlled Intervention Control Outcomes

Jense, 1991 24 (7 normal/11
obese class 1/6
obese class 3)

Unblinded None None Apneic obese patients
desaturated faster than
normals.

Boyce, 2003 26 (9 reverse
Trendelenburg/9
supine/9 back up)

Unblinded None None Apneic patients in reverse
Trendelenburg position
desaturated most slowly.

von Ungern-
Sternberg, 2004

161 (125 normal/36
obese)

Unblinded None Preoperative values Obese patients had larger
decrement in postoperative
spirometry values.

Bardoczky, 1995 8 Unblinded Increasing tidal
volume

Baseline tidal
volume

Increasing tidal volume
increased airway pressures
but not oxygenation.

Perilli, 2000 15 Unblinded Reverse
Trendelenburg
position

Supine position Pulmonary mechanics and
oxygenation improved.

Cressey, 2001 20 (10 no CPAP/10
CPAP)

Randomized,
unblinded

CPAP No CPAP Preoxygenation using
CPAP increased apneic
time to desaturation.

Coussa, 2004 18 (9 CPAP þ
PEEP/9 no CPAP
or PEEP)

Randomized,
unblinded

CPAP
preinduction, PEEP
postintubation

No CPAP or PEEP
applied

Positive airway pressure
increased oxygenation and
decreased atelectasis.

Gander, 2005 27 (12 CPAP and
PEEP/15 no CPAP
or PEEP)

Randomized,
unblinded

CPAP
preinduction, PEEP
postinduction

No CPAP or PEEP
applied

Positive airway pressure
increased oxygenation and
prolonged apneic time to
desaturation.

Dixon, 2005 42 (21 head up/21
supine)

Randomized,
unblinded

Head-up position Supine position Head-up position increased
oxygenation and prolonged
apneic time to desaturation.

Sprung, 2003 12 (6 obese, 6
normal)

Unblinded Alterations in body
position,
respiratory rate,
tidal volume,
pneumoperitoneum

Supine position, no
pneumoperitoneum,
baseline ventilation

Oxygenation is lower in
obese patients and
independent of body
position and ventilatory
mode during
pneumoperitoneum.

Whalen, 2006 20 (10 recruitment
maneuver /10 no
maneuver)

Randomized Sustained lung
inflation plus PEEP

No sustained
intervention or PEEP

Recruitment maneuver
increased oxygenation.

Pelosi, 1999 18 (9 obese/9
normal)

Unblinded PEEP No PEEP PEEP improved pulmonary
mechanics and oxygenation
of intubated, ventilated
obese patients.
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obese men are more likely to have poorer pulmonary
gas exchange than morbidly obese women. In another
study conducted to assess effects of patient positioning
on development of hypoxemia in superobese patients dur-
ing apnea after anesthetic induction and intubation,
patients were ventilated with 50% oxygen/50% air mix-
ture for 5 minutes before the ventilator circuit was discon-
nected.14 Apnea persisted until the SpO2 fell to 92% before
ventilation resumed. Patients in the supine position
reached the endpoint in 2 minutes, whereas it took 30 sec-
onds longer for supine position with the back elevated 30�

and 1 minute longer using 30� reverse Trendelenburg
position. Use of 30� reverse Trendelenburg position in
obese patients undergoing bariatric surgery was also
shown to reduce the alveolar-to-arterial oxygen differ-
ence, as well as increase total ventilatory compliance and
reduce peak and plateau airway pressures, when com-
pared with supine position.15 Vital capacity has also been
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shown to decrease to a greater extent under general anes-
thesia in obese patients compared with normal-weight
patients.16

Intraoperative maneuvers to maintain lung volume
and oxygenation have also been studied. Increasing tidal
volume incrementally from 13 to 22 mL/kg in obese
patients ventilated under general anesthesia did not
improve the gas exchange defect but did increase airway
pressures.17 Use of 10 cm H2O PEEP has been demon-
strated to have a greater effect in obese patients com-
pared with normal subjects on improving ventilatory
mechanics, increasing PaO2, and decreasing alveolar-to-
arterial oxygen difference during general anesthesia with
neuromuscular blockade.18 It is especially important to
consider obese patients undergoing laparoscopic proce-
dures, because pneumoperitoneum negatively affects pul-
monary mechanics by increasing pulmonary resistance
and decreases dynamic lung compliance.19 During pneu-
moperitoneum, alterations in body position, tidal volume,
and respiratory rate did not alter the alveolar-to-arterial
oxygen difference in obese patients.20 During pneumoper-
itoneum for laparoscopic bariatric surgery, alveolar
recruitment by repeated sustained lung inflation to 50
cm H2O followed by mechanical ventilation with 12 cm
H2O PEEP was shown to increase PaO2 intraoperatively
while causing hypotension that required vasopressor
use.21 An attempt to optimize PEEP in obese patients
undergoing laparoscopic gastric bypass surgery showed
that a normal functional residual capacity was maintained
with 15 � 1 cm H2O PEEP, but intravascular volume
expanders had to be infused to prevent PEEP-induced
hemodynamic embarrassment.22

AREAS OF UNCERTAINTY

There is no ideal preinduction examination or test that
clearly identifies patients at risk for difficult laryngoscopy
and difficult intubation. Although some evidence indi-
cates that difficult laryngoscopy and difficult intubation
are more frequently encountered in the obese population,
studies conducted with obese patients positioned in the
ramped state clearly indicate that a superior laryngo-
scopic view is observed compared with that found in
obese patients placed in the sniffing position. No studies
have been conducted to determine the ideal position for
proper alignment of the airway to optimize the likelihood
of success of laryngoscopy and intubation of obese
patients.

The optimal patient position and use of PEEP during
preoxygenation, during induction of anesthesia, and
intraoperatively have not been clearly defined for care of
the obese patient. Use of noninvasive modes of ventila-
tion, including pressure support and bilevel delivered by
mask for preoxygenation, induction, and maintenance of
anesthesia to maintain oxygenation and ventilatory
mechanics in obese patients, has not been explored suffi-
ciently. Ideal patient positioning, use of PEEP, and special
modes of ventilation just before emergence and extubation
to maintain pulmonary function and gas exchange after
extubation have not been identified.
GUIDELINES

There are currently no guidelines published by national
societies to address the issue of airway management of
obese patients. As in any anesthetic induction, practi-
tioners should be prepared to encounter difficulty. There-
fore emergency methods of establishing and maintaining
an airway should be readily available, as set forth in
the American Society of Anesthesiologists algorithm for
difficult airway management. Careful patient positioning
in the ramped position should be accomplished before
induction of general anesthesia. As to maintenance of
oxygenation and ventilatory mechanics in obese patients
undergoing general anesthesia, no guidelines have been
published by national societies to address the issues.
Considering both the airway management issues detailed
previously and the oxygenation, lung volume, and ven-
tilatory mechanics issues described as well for obese indi-
viduals, practitioners must aim to position patients to
achieve the combined goals of providing a superior
laryngoscopic view for ease of endotracheal intubation
while establishing optimal conditions for oxygenation
and preservation of pulmonary mechanical function.
AUTHOR’S RECOMMENDATIONS

AIRWAY MANAGEMENT, OXYGENATION,
AND INTRAOPERATIVE MANAGEMENT

l Based on the evidence from randomized controlled
trials and the body of literature for airway management
of obese patients, patients should be readily intubated
by direct laryngoscopy if placed carefully in ramped
position.

l Obese patients should be thoroughly examined for the usual
objective signs of potential difficult intubation such as small
mouth opening, large protuberant teeth, limited neck mobility,
and retrognathia.

l Techniques such as awake, topicalized direct laryngoscopy
with modest sedation can be used to assess laryngoscopic
view in deciding whether to proceed with induction
of general anesthesia or awake, sedated fiber-optic
intubation.

l Equipment for emergency airway management including
laryngeal masks and a fiber-optic bronchoscope should be
kept available.

l Put patients in ramped position and then use reverse
Trendelenburg, if needed, to achieve a 25� to 30� incline of
the thorax before preoxygenation.

l Preoxygenate patients for 3 to 5 minutes with 100%
oxygen using some positive pressure. For a patient on
CPAP for obstructive sleep apnea, use CPAP or pressure
support ventilation by mask identical to the patient’s home
CPAP setting. Otherwise CPAP of 10 cm H2O should be
used.

l Maintain 10 to 12 cm H2O PEEP intraoperatively, but be
careful to treat hypotension that may occur.

l If patient position changes intraoperatively, return the
patient to head-up position before emergence and
extubation.
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INTRODUCTION

Malignant hyperthermia crisis (MHC) is a potentially
lethal inherited syndrome triggered by exposure to anes-
thetic agents. The anesthesia community is best prepared
to deal with the MHC and patients who have a diagnosis
of malignant hyperthermia susceptibility (MHS), because
MH is triggered by anesthesia and stress and early identi-
fication of the MHC and treatment is most common in
the perioperative setting.1 The outcome of MHC has
improved, and alternative methods of identifying other
family members at risk (2) have supplemented the ex-
pensive in vivo caffeine halothane contracture test
(CHCT) and positive family history as a basis for estab-
lishing risk. There is an increasing population of MHS
individuals who may require elective or emergent sur-
gery. Anesthesia for MHS is high risk because anesthetic
drugs or stress may induce an MHC with resultant death
or major morbidity.

Malignant Hyperthermia Update

The incidence of unexpected MHC reported in surgical
populations ranges from 1:5,000 to 1:50,000 patients.3

MHC can follow anesthetic exposure to succinylcholine
and all of the potent volatile anesthetic agents. It is charac-
terized by accelerating hypermetabolism with mounting
fever and evolving multiple organ failure. Clinical signs
of MHC are progressive and nonspecific: tachydys-
rhythmias, tachypnea with hypercapnia, unstable blood
pressure, and fever. Laboratory findings of progressive
mixed metabolic and respiratory acidosis, hyperkalemia,
and rising creatine phosphokinase presage arrhythmias,
rhabdomyolysis, disseminated intravascular coagulation,
hepatic injury, renal dysfunction, encephalopathy, and
death unless recognized promptly and treated. Treat-
ment requires withdrawal of inhalational agents, hyper-
ventilation, treatment of acidosis and hyperkalemia,
control of fever, administration of dantrolene sodium,
and preventive critical care.1,4,5 Malignant hyperthermia
susceptibility is genetically determined.6

Before the introduction of early recognition and treat-
ment protocols, MHC was largely fatal. After widespread
educational efforts in the 1970s that highlighted early
suspicion of MHC and expectant management, the fatality
rate fell to 60% to 80%. With the introduction of dantro-
lene sodium and increased awareness of the syndrome
in the late 1970s to 1980s, mortality rates fell to very low
levels,3,7,8 but there continue to be perioperative deaths
attributed to MHC.9,10 Since the 1990s, genetics has been
an important focus of MH research.11 A number of genetic
variations have been identified in patients who have
exhibited MHC in response to anesthetic triggers or
demonstrated a phenotypic, positive reaction to the
CHCT. Most genotypes are associated with abnormalities
in the skeletal muscle ryanodine recepter. Although
genetic testing offered the hope for a simple means of
establishing which patients are MHS, the genetic back-
ground of individuals with phenotypic MH is increas-
ingly complex.12-17 Indeed, genetic variability, together
with the development of isolated mutations, may account
for observed variation in clinical presentations and sever-
ity of MHC.18

Who Is Malignant Hyperthermia Susceptible?

MHC has been observed in very young and elderly
patients of both sexes. It is common in patients who have
negative histories and uneventful anesthetics.19 In one
report, only 35% to 50% of patients who were MHS devel-
oped MHC when exposed to triggering anesthetic
agents.20 Anesthetic agents that trigger MHC are widely
used because they are convenient and effective, there is
no simple means of establishing MH risk, and MHC is rel-
atively uncommon. Consequently, clinicians must assume
that all patients may be MHS. MHC and other hypermet-
abolic perioperative crises provide a strong rationale for
monitoring all anesthesia patients for signs of unexpected
hypermetabolism, rigidity, and fever.

Although there is an association between MH and
several neuromuscular syndromes,21-23 there are no phys-
ical findings that identify MHS patients.24 Individuals
who have had family members die in the perioperative
period of MHC or who, themselves, have had MH-like
events often give a suggestive history or identify a family
relationship with an MHS patient. When patients report
an obvious, well-documented MHC, positive genetic
screening, or a strong family history of the MHC, the
clinician must be alert to a heightened risk of MHC in
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Table 39-1

Safe Anesthesia for the
MHS Patient Drug Choices

Local anesthesia with or
without sedation

All local anesthetics
All sedative/narcotic drugs

General “balanced” anesthesia Nitrous oxide, nondepolarizing
muscle relaxants, opiates, all
induction agents, sedatives,
TIVA

Regional anesthesia and
analgesia with or without
sedation

All local anesthetic agents
All IV/IM sedative, opiate,
hypnotic agents
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the perioperative period and treat the patient as MHS.
When a patient provides a history of a suggestive peri-
anesthetic episode without having had a CHCT, most clin-
icians would assume that the patient is MHS. Some
recommend that any patient with a neuromuscular dis-
ease be treated as MHS because of a high correlation
between CHCT MH and specific neuromuscular diseases
such as central core and multi-mini central core disease.25

Both retrospective and prospective outcome data show
that outcome will be optimal for patients who are thought
to be MHS when they have anesthesia that is designed to
prevent triggering the MHC.

TREATMENT OPTIONS FOR MHS PATIENTS

Anesthesia plans for MHS patients should avoid known
triggering agents. These include all the potent, volatile,
inhalational anesthetics and the nondepolarizing muscle
relaxant succinylcholine. General anesthesia with a “bal-
anced” technique that uses nitrous oxide and intravenous
(IV) agents and total intravenous anesthesia (TIVA) with
or without nondepolarizing muscle relaxants is consid-
ered safe. Regional anesthesia with any technique and
any local anesthetic agent is safe. Nitrous oxide analgesia,
regional analgesia, and all levels of sedation with any nar-
cotic/sedative/hypnotic combination are acceptable.
Nontriggering anesthetics are less likely to evoke MHC,
but close monitoring is required because the anesthetic
and procedural experience may trigger MHC even when
specific triggering agents are not used.

Pretreatment of MHS patients with oral or intravenous
dantrolene may prevent or abort the MHC but is no
longer recommended.

The ideal anesthetic approach should meet the needs of
the patient, surgeon, and anesthesiologist. Unusual tech-
niques that involve rarely used drugs, skills, or equipment
are ill advised. Whatever the specific anesthetic chosen,
MHC treatment protocols, equipment, and drugs must
be available for management of the patient who develops
MHC or MH-like reactions during anesthesia and surgery.
Procedural facilities or offices that provide anesthesia but
do not employ known triggering agents should carefully
screen MHS individuals. Rarely, MHS patients may
develop MH when stressed, even though triggering
agents are not used.26-28 Evidence for the idea that MHC
is a “stress syndrome” is tenuous and the issue is contro-
versial. If a patient presents a history of unstable myo-
pathic syndromes and is MHS, anesthesia care should
not be undertaken without preparation because of pheno-
typic variability and an unknown risk of MH-like symp-
toms. If the anesthesia provider at an institution does
not have access to MH support protocols, trained staff,
rapidly available laboratory tests, and resuscitation equip-
ment, the MHS patient should be referred to another insti-
tution (Table 39-1).

EVIDENCE

Both experiential and prospective data support these
approaches to the MHS patient. Data regarding manage-
ment of MHS are most often evidentiary or experiential.
Important ethical questions limit prospective exposure of
individuals to experimental anesthetic protocols who are
thought to be at risk for life-threatening MHC.

Experiential data demonstrate improving outcome fol-
lowing MHC over the past four decades. A historic
decrease in death and other morbidity following MHC
is likely multifactorial. Improved outcome is attributed
to earlier recognition, withdrawal of triggering agents,
early use of dantrolene, and supportive care designed
to minimize secondary insults associated with MHC,
together with attempts to identify MHS patients for receipt
of trigger-free anesthetics.21,29 One retrospective review of
outcome from New Zealand reported no deaths associated
with MHC over two decades from 1981 to 2001.8

In contrast with recent findings reported by Pollock
and colleagues,8 sporadic case reports, court cases, and
deaths reported in the press10 or known to volunteer phy-
sician MH Hotline Consultants (MHHLC) in the United
States (https://about.mhaus.org/index.cfm/FUSEACTION/
Hotline.Home.cfm, Malignant Hyperthermia Association
of the United States, Sherbourne, NY) and abroad,30 con-
firm the impression of continued perioperative mortality
from catastrophic MHC. Legal issues likely prevent or
delay scientific reporting of MH deaths. Secondary com-
plications of MHC also may be underreported as demon-
strated by sporadic case publications31 and MHHLC
reports.

In the pre-dantrolene era, clinicians were unwilling
to provide elective anesthesia for MHS patients, judging
the risk of MHC to be too great. No one would under-
take a comparison of management approaches involving
triggering agents in humans known to be MHS for ethi-
cal reasons. Experience with animal models of MHC
showed that anesthesia performed without triggering
agents was safe. A specific in vivo test for MHS that
required muscle biopsy, the CHCT, was developed.
Muscle biopsy could be performed in adults with local
anesthesia or nerve block. In small children where mus-
cle biopsy for CHCT is not feasible without anesthesia,
prospective controlled studies of the best elective anes-
thetic for the MHS patient were undertaken as the only
recourse. Experience with children using nontriggering
agents for CHCT muscle biopsy was reported to be
safe.32 These experiences, together with sporadic case
reports of successful avoidance of MHC in MHS
patients who required urgent anesthesia, provided

https://about.mhaus.org/index.cfm/FUSEACTION/Hotline.Home.cfm
https://about.mhaus.org/index.cfm/FUSEACTION/Hotline.Home.cfm
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evidence for a cautious approach to elective surgery for
the MHS patient.26,33,34 Consequently, anesthesia and
surgical staff are more willing to undertake both emer-
gency and elective surgery for MHS patients.35-38

Additional experiential evidence includes the content
of approximately 650 phone calls a year39 made to volun-
teer advisory physicians serving as MHHLC, sponsored
by the Malignant Hyperthermia Association of the United
States (MHAUS, Sherborne, NY, www.mhaus.org), a lay
advocacy organization established in 1981, summarized
and published quarterly in The Communicator, published
by MHAUS. MHAUS also provides information on its
website and produces a “case of the month” that discusses
management of MHC or MH-like events. MHC and MH-
like experiences collected as voluntary “Adverse Meta-
bolic Reaction to Anesthesia” reports form the basis of a
privacy-protected database, the MH Registry, that was
established in 1987 (www.mhreg.org). These growing
databases provide retrospective information, but no
denominator of MHC and MH-like events experienced
by the general population. Nor is there information estab-
lishing the frequency of MHS in the general population.
Retrospective data provide invaluable insight into MHC
management and MH-like episodes that take place in the
anesthesia setting.9,40,41 It has also highlighted key aspects
of MHC management. For example, although the average
effective dose of dantrolene was approximately 2.5 mg/
kg, with MH registry reports of patients requiring as
much as 10 mg/kg for control of MHC, occasional case
reports illustrated the value of increasing dantrolene
doses when the typical ceiling dose of 10 mg/kg has been
exceeded.30 Similarly, case reports of delayed-onset
MHC42 and recurrent MHC have led to evidence-based
recommendations by MH hotline consultants for
continued therapy of the MHC and at least an hour’s
observation postoperatively.

Only a small number of prospective studies of manage-
ment of MHS/MHC patients have been published. These,
together with subsequent experience, add a higher level
of evidence-based support for current management
strategies. The multicenter, U.S. Food and Drug Adminis-
tration (FDA)–approved, dantrolene trial, published in
1982,43,44 demonstrated that dantrolene sodium was effec-
tive in treating MHC, provided it was recognized and
treated before sudden death or outcome-limiting organ
system injury. In fact, the FDA approved the drug for this
purpose in 1979, before formal peer-reviewed publication
of outcome data. Subsequent experience with dantrolene
after its acceptance as a treatment for MHC45 allowed pro-
spective studies of muscle biopsy patients using sedation,
as well as “trigger-free” general and regional anesthetics,
of which the majority were general anesthetics.19,32

This prospective evidence, together with published
case reports,46,47 and the accumulated encounters
reported to the MH Registry and voluntary physician
MHHLC, has changed the anesthetic approach to MHS
patients by demonstrating that trigger-free anesthetics are
safe. Not only is the frequency of MHC low when patients
are given anesthetics that avoid triggering agents, but the
outcome of MHC in this population, when it occurs and
is managed in a prepared setting, is better than that follow-
ing unexpected MHC in other environments.
AREAS OF UNCERTAINTY

Dantrolene Pretreatment

Initial recommendations included preoperative pretreat-
ment with dantrolene.26 Subsequently, clinical experi-
ence with MHS patients,32 side effects of dantrolene,48 a
small number of complications after oral dantrolene ther-
apy,49 and the ability to measure serum dantrolene
levels,50 with Flewellen’s demonstration that effective
serum dantrolene levels can be achieved after acute IV
loading,51 supported a rationale for eliminating routine
pretreatment of MHS patients by loading oral dantrolene
before anesthesia.52 IV dantrolene treatment was
extended to children after demonstration of dantrolene
pharmacokinetics in that population.53 Also, intermittent
IV dantrolene injections and/or maintenance IV infu-
sions for continuing MH suppression after the crisis have
been based on necessity during case experience. Evol-
ving practice has been tested by experience, although
not in controlled, prospectively blinded trials. Dantro-
lene pretreatment is no longer recommended for MHS
patients having elective surgery with trigger-free
anesthetics.

There are unusual patients whose underlying muscle
disease is so symptomatic that they take oral dantrolene
when stressed in daily life outside of the anesthesia
setting.27,54 This, together with pathologic similarity
between MHC and heat stroke fatality, has raised the
question of whether heat stroke is a variant, or more com-
mon, in MHS.55-58 Stress-induced MHC may be associated
with unknown myopathy or may occur only in a unique
genetic subset of MHS patients. Data repositories are
inadequate to guide the practitioner, but it would seem
prudent to give dantrolene preoperatively and for some
time postoperatively to very symptomatic patients who
have myopathic, MH-like symptoms with stress and
exercise.
Masseter Muscle Rigidity Is MHC Until
Proven Otherwise?

Masseter muscle spasm or rigidity (MMR) in response to
depolarizing muscle relaxants59 and/or MH triggering
agents has been identified as an early clinical sign of
MHC60,61 and/or a myotonic reaction62,63 commonly fol-
lowed by elevated muscle enzymes, hyperkalemia, dys-
rhythmias, and metabolic acidosis. The relationship
between MMR and both acute myopathic response and
MHC argued for a conservative approach to MMR.64 It
is recommended that triggering agents and anesthesia be
discontinued after observation of MMR while possible
causes for MMR are evaluated.65 CHCT examination of
adults who had various myopathies subsequently demon-
strated a high incidence of MH-positive and MH-equivo-
cal contracture responses.66 The extent to which the
myopathic response to anesthetic agents resembles the
MHC is further confused by the fact that MH CHCT is
probably less specific in these patients.25 This supported
a clinical impression that various myopathies, in addition
to MH, may manifest with MMR or muscle injury follow-
ing anesthetic induction with MH-triggering agents.

http://www.mhaus.org
http://www.mhreg.org
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The recognition of sudden cardiac arrest and rhabdo-
myolysis following succinylcholine administration to
male infants and children amplified recognition of the
risk, whether the etiology was the same or not.67 Cardiac
arrest and dysrhythmias following triggering agents
that are seen during myotonic reactions are caused by
acute hyperkalemia, myopathic muscle responses, or
both.68 Subsequently, case reports69 and retrospective
reviews70,71 of MMR following succinylcholine in children
without either severe myotonic reactions or MHC gener-
ated controversy. Is MMR observed during anesthesia in
children or adults a normal variant of the succinylcholine
response, or is it a high-probability sign of significant
muscle injury associated with potentially lethal MHC or
myotonic crisis?

It has long been known that adults and children who
receive succinylcholine develop creatine phosphokinase
(CK) elevation and myoglobinuria.72,73 One prospective
study of 500 children has shown a low incidence of MMR
and, more commonly, incomplete jaw relaxation following
halothane anesthesia and succinylcholine.74 In a prospective
studyofmore than 5000 childrenwhohad succinylcholine or
a nondepolarizing relaxant following an induction and intu-
bation technique with or without inhalational halothane,75 it
was evident that the inhalational agent was associated with
MMR. Of note, although the MHC did not occur, 3 of 600
(0.5%) patients developed MMR after paralysis for intuba-
tion followinga technique that usedhalothane before intuba-
tion. Two of these hadMMRwith largeCKenzyme increases
following halothane and thiopental with nondepolarizing
relaxants. Therefore MMR is not simply a normal variant of
the succinylcholine response in children, and also is seen
during administration of inhalational agents and nondepo-
larizing muscle relaxants.

The incidence of MH and sudden death following
MMR is not as high as initially thought, but the implica-
tions of MMR are clear—a significant percentage of those
who demonstrate MMR have rhabdomyolysis associated
with an unknown myopathy that should be evaluated.
Young boys with unrecognized muscular dystrophy, in
particular, are at risk for hyperkalemia that could cause
death or significantly complicate anesthesia and surgical
care. Whether unrecognized myopathy or dystrophinopa-
thy is the cause or not, MMR is often associated with sig-
nificant muscle injury and the risk of concomitant
secondary insults associated with rhabdomyolysis—
hyperkalemic dysrhythmia, myalgias, peripheral com-
partment syndrome and limb compromise, renal failure,
and sudden death.

Although the subsequent anesthetic course may appear
benign, MMR may be associated with rhabdomyolysis
and the aforementioned associated insults. The incidence
may vary with population, but MMR is abnormal. MMR
signals a need for careful monitoring of cardiorespiratory
and metabolic parameters, urine testing for myoglobin,
blood testing for electrolytes, CK measurement, and,
possibly, arterial blood gases. MMR associated with
MHC or a severe myopathic response may require
withdrawal of triggering anesthetic agents, together with
aggressive critical care management. It may be necessary
to abort surgery. Clinical MMR should be investigated
whenever it is observed.
The Pregnant MHS Patient

Aside from the recommendation that pregnant patients
who are MHS should have a trigger-free anesthetic,
whether regional or general, no one has specific data on
risk to the fetus. Nor is there any evidence regarding safe
maternal anesthesia when the infant in utero is MHS and
the mother is not. The topic of infant exposure to mater-
nally administered dantrolene has been raised,76 but with-
holding dantrolene treatment of the MHC during cesarean
section or other maternal surgery has not been recom-
mended.77 No dantrolene side effect other than uterine
atony following cesarean section has been reported.78,79

Collected case reports and inferential reasoning provide
our only source of guidance.77,80-83 Newborn MHC has
been suspected but not definitively confirmed,84 although
MH has been sporadically reported in infants from 7 days
to 6 months old.85-89

The MHS parturient should be given appropriate
regional analgesia when needed. She should have opera-
tive procedures under trigger-free anesthetic techiques.
Dantrolene prophylaxis is not indicated, but it should
not be witheld in acute MHC for fear of fetal compromise
or maternal complications.
AUTHOR’S RECOMMENDATIONS

l Elicit a patient history of neuromuscular disease, MHS, MH-like
family or personal events, or hyperthermic demise associated
with anesthesia.

l Assume patients with suggestive history to be MHS.
l Inform patient of MHS concerns.
l Plan anesthesia with nontriggering agents.
l Preoperative dantrolene prophylaxis is generally not necessary.
l Avoid unfamiliar drugs or techniques.
l Have recommended supply of dantrolene and MH kit available.
l Ensure facility and clinical support sufficient to treat the MHC.
l Monitor MHS or suspect MHS patients more closely for signs of
MHC.

l Treat suspicious episodes promptly with dantrolene and
supportive care.

l Assume that MMR is associated with MH, dystrorhinopathy, or
other cause of critical rhabdomyolysis and monitor carefully.
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40
 What Is the Best Strategy to
Prevent Postoperative Nausea
and Vomiting?

Ashraf S. Habib, MBBCh, MSc, FRCA, and Tong J. Gan, MBBS,
FRCA, FFARCSI
INTRODUCTION

Postoperative nausea and vomiting (PONV) are among
the most common side effects associated with anesthesia
and surgery. Currently, the overall incidence of PONV
for all surgeries and patient populations is estimated to
be 25% to 30%.1 Furthermore, it is estimated that approxi-
mately 0.18% of all patients may experience intractable
PONV, leading to a delay in postanesthesia care unit
(PACU) discharge or unanticipated hospital admission,
thereby increasing medical costs.2 Symptoms of PONV
are also among the most unpleasant experiences asso-
ciated with surgery and one of the most common reasons
for poor patient satisfaction rating in the postoperative
period.3 In one survey, surgical patients were willing to
pay up to $100 to avoid PONV.4

Because, overall, only 25% to 30% of the surgical
patient population will experience PONV, not all patients
will require antiemetic prophylaxis. Identification of
patients at high risk for PONV is therefore important.
Anesthesia-, patient-, and surgery-related risk factors
have been identified (Table 40-1).5 Apfel and colleagues6

developed a simplified risk score consisting of four pre-
dictors: female gender, history of motion sickness or
PONV, nonsmoking status, and the use of opioids for
postoperative analgesia. If none, one, two, three, or four
of these risk factors were present, the incidences of PONV
were 10%, 21%, 39%, 61%, and 79%, respectively.6
THERAPIES

Pharmacologic Agents

Pharmacologic agents available for the prevention of
PONV can be summarized as follows:

l Conventional antiemetics:
l Dopamine (D2) receptor antagonists: phenothiazines
(e.g., promethazine, prochlorperazine), butyrophe-
nones (e.g., droperidol, haloperidol), benzamides
(e.g., metoclopramide)

l Antihistamines (e.g., dimenhydrinate, cyclizine)
l Anticholinergics (e.g., scopolamine)
l Serotonin receptor antagonists (e.g., ondansetron,
dolasetron, granisetron)

l Neurokinin-1 receptor antagonists (e.g., Aprepitant)
l Nonconventional antiemetics:

l Steroids, propofol
l Other therapies shown to be of benefit:

l Benzodiazepines,7,8 ephedrine,9,10 aggressive intrave-
nous hydration11

Nonpharmacologic Techniques

Nonpharmacologic techniques include acupuncture, acu-
pressure, electroacupuncture, transcutaneous acupoint
electrical stimulation, laser to the P6 pressure point, and
hypnosis.12

EVIDENCE

There are hundreds of published randomized controlled
trials investigating the efficacy of different antiemetic
interventions. This plethora of data has resulted in a num-
ber of systematic reviews being published in this area.
Although systematic reviews are a powerful tool to fur-
ther our understanding of the efficacy of interventions
and likehood for harm when there are data from many
small trials,13 they are not a substitute for a well-con-
ducted, large, randomized controlled trial. In this chapter,
we will base the evidence reported on the results of ran-
domized controlled trials and systematic reviews. Four
issues will be addressed in providing evidence for the best
strategy to prevent PONV:

1. Evidence for selecting a single antiemetic.
2. Is combination antiemetic therapy better than mono-

therapy?
3. What is the best available combination of antiemetics?
4. Evidence for using a multimodal approach to prevent

PONV.

Evidence for Selecting a Single Antiemetic

There are at least five major receptor systems involved in
the etiology of PONV: dopaminergic (D2), cholinergic
(muscarinic), histaminergic (H1), serotonergic (5-HT3),
269



Table 40-1 Risk Factors for PONV

Anesthetic Factors Patient Factors Surgical Factors

1. Volatile agents
2. Nitrous oxide
3. Opioids
4. High doses of

neostigmine

1. Female gender
2. History of PONV or motion sickness
3. Pain
4. High levels of anxiety

1. Long surgical procedures
2. Certain types of surgery (e.g., intra-abdominal, major

gynecologic, laparoscopic, breast, ears/nose/throat,
strabismus
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and the neurokinin-1 (NK-1) receptors. Traditionally,
antagonists at these receptors have been the mainstay of
PONV management. Metoclopramide and droperidol are
the most commonly studied dopamine receptor antago-
nists. Although metoclopramide has prokinetic effects,
its antiemetic efficacy is uncertain, with approximately
50% of studies showing it to be no more effective than pla-
cebo when used in a dose of 10 mg.14 Two recent studies,
however, suggested that higher doses of metoclopramide
(20 to 50 mg) might be efficacious.15,16 Droperidol, on
the other hand, has been shown to be an effective anti-
emetic and was widely used. In a meta-analysis of rando-
mized controlled trials involving droperidol, the number
needed to treat (NNT) was found to be 5 to 7.17 However,
following the Food and Drug Administration (FDA) black
box warning on droperidol, there has been a significant
decline in the use of this cost-effective agent.18 Recently,
some studies suggested that haloperidol 1 to 2 mg IV
might be a suitable alternative.19,20

The 5-HT3 receptor antagonists are highly specific and
selective for nausea and vomiting. Their antivomiting effi-
cacy is better than their antinausea efficacy.21 Members of
this group exert their effects by binding to the 5-HT3

receptor in the chemoreceptor trigger zone and at vagal
afferents in the gastrointestinal tract. Their favorable
side-effect profile, particularly the lack of sedation, makes
them particularly popular and suitable for ambulatory
surgery. Currently available 5HT3 receptor antagonists
include ondansetron, granisetron, and dolasetron. There
is no evidence that there is any difference in efficacy or
side-effect profile between the various 5-HT3 receptor
antagonists, when appropriate doses are used for the
management of PONV. Therefore acquisition cost is the
main factor that differentiates the 5-HT3 compounds from
one another.22 It is of note that ondansetron, the most
commonly studied agent in this group, has recently
become generic. The NNT for the prevention of PONV
with ondansetron is 5 to 6.21 Palonosetron is a new
5-HT3 receptor antagonist that is currently being investi-
gated for the prophylaxis of PONV. It has a unique phar-
macokinetic profile with a duration of action of up to
72 hours. In two recent multicenter studies, a dose of
0.075 mg IV reduced the incidence of nausea and vomit-
ing for up to 3 days after surgery.23,24

Dexamethasone has also proved to be an effective
antiemetic. In a meta-analysis of 17 studies (1946 patients),
dexamethasone was reported to be especially effective
against late PONV. Using 8 or 10 mg IV in adults (1 or
1.5 mg/kg IV in children), the NNT to prevent early and
late vomiting compared with placebo was 7.1 and 3.8,
respectively. In adults, the NNT to prevent late nausea
was 4.3. There were no reports of dexamethasone-related
side effects when used as a single dose for PONV prophy-
laxis.25 More recently, smaller doses (4 mg) of dexametha-
sone also proved to be effective for PONV prophylaxis.26

In a large multicenter study involving patients having
at least a 40% risk of PONV, ondansetron 4 mg, droperi-
dol 1.25 mg, and dexamethasone 4 mg were reported to
produce a similar reduction in the incidence of PONV of
about 26%.26 Any of these antiemetics could therefore be
recommended for use as a first-line agent.

Scopolamine (hyoscine) is an anticholinergic agent that
was widely used with opioid premedication.27,28 Trans-
dermal scopolamine was shown to be effective in
controlling PONV following outpatient laparoscopy29

and following neuraxial morphine administration.30-32

There has recently been a renewed interest in this trans-
dermal preparation, with one study reporting similar effi-
cacy to ondansetron 4 mg and droperidol 1.25 mg.33 The
number needed to harm (NNH) for the most commonly
reported side effects with scopolamine was 5.6 for dry
mouth, 12.5 for visual disturbances, 50 for dizziness, and
100 for agitation.34

The antihistamines include the ethanolamines (dimen-
hydrinate, diphenhydramine) and the piperazines (cycli-
zine, hydroxyzine, meclizine). Their major disadvantages
are sedation, dry mouth, blurred vision, urinary retention,
and delayed recovery room discharge.35 Promethazine is
an effective antiemetic with a long duration of action. In
a dose of 12.5 to 25 mg given toward the end of surgery,
it has been shown to be effective for PONV manage-
ment.36 Its use, however, is limited by sedation and pro-
longed recovery from anesthesia.5 One study did not
show increased awakening time or duration of PACU stay
when compared with ondansetron and placebo in patients
undergoing middle ear surgery.36 Recently, the use of
low-dose promethazine (6.25 mg) was shown to be as
effective as higher doses and might be associated with less
sedation.37-39 Another antihistamine, dimenhydrinate,
appears to be effective in a recent meta-analysis.40

The neurokinin-1 (NK-1) receptor antagonists belong to
a new class of antiemetics that may act on the final com-
mon pathway from the emetic center. In a recent multi-
center study, oral aprepitant was compared with IV
ondansetron in females undergoing abdominal surgery.
The incidence of no vomiting (0 to 24 hours) was signifi-
cantly higher with aprepitant 40 mg (90%) and aprepitant
125 mg (95%) versus ondansetron (74%) (p <0.001 for both
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comparisons). Both aprepitant doses also had higher
incidences of no vomiting over 0 to 48 hours (p <0.001).
Nausea incidence and severity and the need for rescue
antiemetics were not different, however, across the three
groups.41 The results were reproduced in another large
study. The severity of nausea was also lower with aprepi-
tant in this second study.42 The 40-mg dose of aprepitant
was approved for the prophylaxis of PONV.

Total intravenous anesthesia (TIVA) using propofol has
also been shown to reduce the incidence of PONV and to
be as efficacious as ondansetron 4 mg in reducing post-
operative nausea.43,44 The protective effect of propofol
against PONV was not evident when it was used as an
induction agent only.45 A dose-response relationship of pro-
pofol for improvement of nausea has also been established.46

In 1999, Lee and Done47 performed a meta-analysis
to assess the efficacy of nonpharmacologic techniques
(acupuncture) for the prevention of PONV. There was a
significant reduction in early PONV in adults using
nonpharmacologic methods compared with placebo,
and these were comparable to conventional antiemetics
Table 40-2 Benefits and Side Effects of the Main Cla

Class of Antiemetics Benefits

Dopamine receptor antagonists:

l Phenothiazines (e.g., pro-
methazine, prochlorperazine)

l Buterophenones (e.g., droperi-
dol, haloperidol)

l Benzamides (e.g.,
metoclopramide)

Long duration of action

Improved prophylaxis against
nausea

Have prokinetic effects

Anticholinergics (e.g.,
scopolamine)

Effective against motion
sickness
Transdermal preparation with
a long duration of action
available

Antihistamines (e.g.,
dimenhydrinate, cyclizine)

Effective against motion
sickness
Effective for PONV following
middle ear surgery

5-HT3 receptor antagonists (e.g.,
ondansetron, dolasetron,
granisetron)

Specific for PONV
Do not have sedative side
effects

NK-1 receptor antagonists (e.g.,
aprepitant)

Long duration of action
Improved efficacy against
vomiting
Do not have sedative side
effects

Corticosteroids (e.g.,
dexamethasone)

Do not have sedative side
effects
Long duration of action

Acupuncture (P6 stimulation) Improved efficacy against
nausea
(metoclopramide, cyclizine, droperidol, prochlorperazine)
in preventing early or late PONV in adults.47 Transcutane-
ous acupoint electrical stimulation was also comparable
with ondansetron for the prophylaxis and treatment of
PONV in a number of more recent studies.48-50 This
modality was particularly effective for the prophylaxis
against nausea.48,51 The benefits and side effects of the
main classes of agents used for the prophylaxis of PONV
are summarized in Table 40-2.

Is Combination Antiemetic Therapy Better
Than Monotherapy?

Because PONV is multifactorial, and there are a number of
receptors involved in the pathogenesis of PONV, there has
been a growing interest in investigating the efficacy of com-
bining antiemetics targeting different receptors in the emetic
pathway.Numerous randomized controlled trials compared
combination versus single-agent antiemetic prophylaxis.52

The combinations of one of the 5-HT3 receptor antagonists
with droperidol, dexamethasone, or metoclopramide were
sses of Agents Used for PONV Prophylaxis

Side Effects

Sedation, extrapyramidal side effects, hypotension, restlessness,
anticholinergic syndrome
Sedation with high doses, hypotension, extrapyramidal side effects,
neuroleptic malignant syndrome, droperidol has an FDA black box
warning regarding prolongation of QTc, although the risk is con-
sidered minimal with antiemetic doses
Sedation, restlessness, extrapyramidal side effects

Sedation, blurred vision, dry mouth, restlessness, central cholinergic
syndrome

Sedation, dry mouth, restlessness

Headache, constipation, elevated liver enzymes

Headache, constipation

No data available regarding side effects following single dose for
PONV prophylaxis

None reported when used for PONV prophylaxis
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themost commonly studied.With the exception of combina-
tions involving metoclopramide, the majority of these stud-
ies have reported improved antiemetic prophylaxis with
combination compared with monotherapy.53 Meta-analyses
and a large multicenter study involving over 5000 patients
confirmed the superiority of combination antiemetic pro-
phylaxis compared with monotherapy.25,26,54 Because the
efficacy of antiemetics depends on the patients’ underlying
baseline risk, patients with moderate to high risk for PONV
derive most benefit from receiving a combination of
antiemetics.26

What Is the Best Available Antiemetic
Combination?

There are few data directly comparing the efficacy of
different antiemetic combinations. A meta-analysis sug-
gested that there was no difference in antiemetic efficacy
or side-effect profile between the combination of the
5-HT3 receptor antagonists with droperidol, and their
combination with dexamethasone.54 These findings were
subsequently confirmed in a large multicenter study that
reported that there were no differences in antiemetic effi-
cacy between the combination of ondansetron with droper-
idol, ondansetron with dexamethasone, and droperidol
with dexamethasone.26

Evidence for Using a Multimodal Approach
to Prevent PONV

Because the etiology of PONV ismultifactorial, amultimodal
approachmay be the best strategy to successfully reduce the
incidence, particularly in high-risk patients. Scuderi and
colleagues55 investigated a multimodal approach to the
management of PONV in female patients undergoing outpa-
tient laparoscopy. Their multimodal algorithm consisted of
total intravenous anesthesia with propofol and remifentanil,
no nitrous oxide, no neuromuscular blockade, aggressive
intravenous hydration, triple prophylactic antiemetics
(ondansetron 1 mg, droperidol 0.625 mg, and dexametha-
sone 10 mg), and ketorolac 30 mg. Control groups included
standard balanced outpatient anesthetic with or without 4
mg ondansetron prophylaxis. Multimodal management
resulted in a 98% complete response rate (no vomiting and
noantiemetic rescue) inPACU.Nopatient in themultimodal
group vomited before discharge, compared with 7% of
patients in the ondansetron group (p ¼ 0.07) and 22%
of patients in the placebo group (p ¼ 0.0003).55

Habib and colleagues56 also found that a triple antiemetic
combination with ondansetron and droperidol in the pres-
ence of propofol maintained anesthetic, was associated with
a lower incidence of PONV, andwas associatedwith greater
patient satisfaction comparedwith a similar antiemetic com-
bination with an isoflurane-based anesthetic.

In a large prospective study, Apfel and colleagues26

evaluated three antiemetic interventions (ondansetron
4 mg, droperidol 1.25 mg, and dexamethasone 4 mg) and
three anesthetic interventions (TIVA with propofol, omit-
ting nitrous oxide, and substituting remifentanil for fenta-
nyl) for the prophylaxis of PONV. The authors employed
a multifactorial design allowing them to evaluate the effec-
tiveness of each of the interventions plus all possible com-
binations of two or three interventions. The resulting data
suggest that antiemetics with different mechanisms of
action have additive rather than synergistic effects on the
incidence of PONV. Each antiemetic reduced the risk of
PONV by about 26%. Using TIVA with propofol rather
than a volatile-based anesthetic reduced the risk of PONV
by about 19%, whereas avoiding nitrous oxide reduced
the risk by about 12%. Substituting remifentanil for fenta-
nyl was of no benefit. When combinations of interventions
were used, the benefit of each subsequent intervention was
always less than that of the first intervention. They also
reported that the efficacy of the interventions depends on
the patient’s baseline risk; the greatest absolute risk reduc-
tion from the antiemetic interventions was achieved in
patients with high risk for PONV.26
AREAS OF UNCERTAINTY

Droperidol has been used for the management of PONV
for over 30 years with an acceptable side-effect profile.
In December 2001, the FDA issued a new “black box”
warning on droperidol, noting that its use has been asso-
ciated with QTc-segment prolongation and torsades de
pointes, and in some cases resulted in fatal cardiac
arrhythmias. Although the package insert of droperidol
included a warning about cases of sudden death at high
doses greater than 25 mg in patients at risk for cardiac
arrhythmias, the FDA noted that there have been cases
of serious cardiac arrhythmias and death when droperidol
is given at or below the currently labeled dose range and
cautioned that droperidol should only be used when other
first-line drugs fail. The FDA also recommended that all
surgical patients should undergo a 12-lead electrocardio-
gram (ECG) before administration of droperidol to deter-
mine if a prolonged QTc interval is present, and to
continue ECG monitoring for 3 hours after its administra-
tion.57 A review of the cases based on which the FDA
issued its warning revealed 10 cases where droperidol
1.25 mg or less was used. It was difficult to draw any defin-
itive evidence of a cause-and-effect relationship because of
the presence of several confounding factors.18 Experts
in the field, as well as practicing anesthesiologists, believe
that this warning is not justified.58,59

There have been no reported serious side effects related
to the use of a single dose of dexamethasone for PONV
prophylaxis. There are, however, some potential concerns.
Avascular necrosis of the femoral head (AVN) is a recog-
nized complication of glucocorticoid therapy.60 There are
case reports in which AVN developed following relatively
brief courses (7 days) of orally administered steroids.61-63

It has also been described when dexamethasone was used
for antiemetic prophylaxis in chemotherapy.64 It is not
known if a single dose of dexamethasone given for PONV
prophylaxis might lead to AVN in a high-risk patient.
Other potential side effects of steroids, such as immuno-
suppression and dysfunction of the hypothalamic-
pituitary-adrenal axis, were not tested or reported when
used for PONV management. Other groups of patients
who might be at risk from the administration of dexa-
methasone include diabetics, patients with peptic ulcer
disease, and immunocompromised patients. The effect of
giving a single dose of dexamethasone for PONV prophy-
laxis in such patients is unknown.
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AUTHORS’ RECOMMENDATIONS

Because the etiology of PONV is multifactorial, and there is evi-
dence that combination antiemetic therapy appears to be more
effective than single agents, a multimodal approach for the man-
agement of PONV should be adopted (Table 40-3). First, high-risk
patients should be identified (Figure 40-1); second, steps should
be taken to reduce the avoidable risk factors; and third, the use
of combination antiemetics should be considered.65 These recom-
mendations follow the recently published guidelines for the man-
agement of PONV.22
Risk factors
for PONV

Patient
factors

Surgical
factors

Female gender
History of PONV or
   motion sickness
Non-smoker
Use of opioid

Laparoscopy
Laparotomy
Gynecologic
   surgery
Breast surgery

Craniotomy
Strabismus
ENT

1–2 factors
(20–40%)
Serotonin
   antagonists
Dexamethasone
Scopolamine
Droperidol

2–4 factors (40–80%)
Droperidol + 5HT-3
   antagonist
Dexamethasone +
   5HT-3 antagonist
Droperidol +
   dexamethasone

>4 factors (>80%)
Combination
   antiemetics + 
   total intravenous
   anesthesia with
   propofol

Figure 40-1. Risk Factors for PONV and Guidelines for Prophy-
lactic Antiemetic Therapy. Number in brackets indicates risk of
developing PONV. (Modified from references 6, 65, 66)

Table 40-3 Recommended Strategies for
Minimizing the Incidence of PONV

A. Identify high-risk patients (see Figure 40-1)
B. Avoid emetogenic stimuli

l Etomidate
l Nitrous oxide/inhalational agents
l Opioids (optimal analgesia should, however, be achieved by
incorporating local anesthetics, nonsteroidal antiinflamma-
tory drugs, and opioids as required)

C. Multimodal therapy

l Antiemetics (consider combination therapy)
l Total intravenous anesthesia with propofol
l Adequate hydration
l Effective analgesia
l Anxiolytics (e.g., benzodiazpines)
l Nonpharmacologic techniques (e.g., acupuncture)
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How Can We Prevent
Postoperative Cognitive
Dysfunction?

Terri G. Monk, MD, MS, and Catherine C. Price, PhD
INTRODUCTION/BACKGROUND

Postoperative cognitive changes have been reported in
elderly patients for over a century, and anesthesia has
often been mentioned as a possible cause of this problem.1

In 1955, Bedford published a retrospective review of 1193
elderly patients who had surgery under general anes-
thesia during a 5-year period.1 He found that cognitive
problems occurred in approximately 10% of older patients
after surgery and described 18 cases in which patients
developed extreme dementia and remained confused
until their death.

Postoperative cognitive problems can be classified as
delirium, postoperative cognitive dysfunction (POCD), or
dementia. Although POCD is not a formal psychiatric diag-
nosis, the term is commonly used in current literature and is
considered to be a mild neurocognitive disorder.2-4 The
Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-IV) states that a mild neurocognitive disorder
can only be diagnosed if the cognitive disturbance does not
meet the criteria for three other conditions (delirium,
dementia, or amnestic disorder).5 The diagnosis of mild
neurocognitive disorder must be corroborated by the results
of neuropsychologic testing showing that an individual has
a new onset of deficits in at least two areas of cognitive
functioning lasting for a period of at least 2 weeks.5

These diagnostic criteria make it nearly impossible to
make a clinical diagnosis of POCD during the hospital stay.

Cognitive problems are common at hospital discharge,
but the majority of these problems resolve soon after sur-
gery.2,3 It is likely that the lingering effects of anesthetic
agents, pain medications, sleep deprivation, and the stress
response to surgery may interfere with patients’ ability
to take the sensitive neurocognitive tests in the early
postoperative period.3 Thus early cognitive decline may
reflect recovery from major surgery and not true cognitive
impairment. As such, this review will only focus on
POCD occurring at least 4 weeks after surgery.

Recently, several prospective longitudinal studies have
presented evidence that postoperative cognitive dys-
function is indeed a reality.2,3,6 A prospective longitudi-
nal study of 261 patients who underwent coronary artery
bypass graft (CABG) surgery found that 53% of the
patients had cognitive decline at hospital discharge, 36%
at 6 weeks, 24% at 6 months, and 42% at 5 years after
surgery.6 These investigators evaluated predictors of cog-
nitive decline at 5 years after surgery and found that cog-
nitive impairment at hospital discharge was a significant
predictor of long-term cognitive impairment. A second
multinational, prospective study reported on postopera-
tive cognitive decline following noncardiac surgery. In
this study, Moller and colleagues2 evaluated cognitive
function in patients ages 60 years or older after major
abdominal and orthopedic surgery. These patients com-
pleted a battery of psychometric tests before surgery and
at 1 week and 3 months after surgery. In this study, 25%
of the patients had measurable cognitive dysfunction
1 week after the operation and 10% had cognitive changes
3 months after surgery. Advancing age was the only sig-
nificant predictor for POCD at 3 months after surgery.
Using the same study design, Monk and colleagues3 eval-
uated adults of all ages undergoing major noncardiac sur-
gery and diagnosed POCD in 30% to 40% of adult patients
at hospital discharge with only the elderly at significant
risk for POCD at 3 months after surgery. This study
demonstrated that approximately 13% of patients, age 60
or over, exhibited late POCD (3 months after surgery).
The independent risk factors for POCD at this time point
were increasing age, lower educational level, a history of
a previous cerebral vascular accident (CVA) with no
residual impairment, and POCD at hospital discharge.
These investigators also found that the occurrence of
POCD increased the risk of death in the first year after
surgery.3
POTENTIAL MECHANISMS FOR POCD

The mechanisms responsible for POCD after noncardiac
surgery are unknown, but potential risk factors can be
classified into patient, surgical, and anesthetic categories.
It is likely that the etiology of POCD in the elderly patient
is multifactorial and may include the preoperative health
status of the patient, the patient’s preoperative level of
cognition, intraoperative events related to the surgery
itself, and neurotoxic effects of anesthetic agents.
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POTENTIAL INTERVENTIONS TO REDUCE
POCD

To date, research has attempted to prevent or minimize
POCD by focusing on surgical or anesthetic alternatives
such as the following:

1. General versus regional anesthesia: The hypothesis for
these studies is that postoperative cognitive outcome
will be better after regional than after general anesthe-
sia (Table 41-1).

2. Alterations in surgical techniques during CABG: The
hypothesis for these studies is that postoperative cogni-
tive outcome will be better if cardiopulmonary bypass
and cerebral embolic events can be avoided during
CABG (Table 41-2).

3. Alterations in anesthetic management: These studies have
multiple hypotheses investigating hypothermia and spe-
cific pharmacologic agents (vitamins, fentanyl, inhala-
tional agents; Table 41-3).

RESULTS OF RANDOMIZED CLINICAL TRIALS
EVALUATING COGNITIVE OUTCOMES

Methodologic Issues

The methodologic issues associated with identifying
POCD have been a major concern for investigators. Pro-
blems with the methodology include differences in neuro-
cognitive test batteries, intervals between sessions, the
definitions of cognitive decline, and statistical analysis
methods.4,7 It is only within the last several years that
Table 41-1 Prospective Randomized Trials Evaluating
Regional Anesthesia

Author Year Age (Years)
Surgical
Procedure

An
Tec

Chung11 1987 Mean ¼ 72 TURP or pelvic
floor repair

GA

Chung12 1989 Mean ¼ 72 TURP GA

Riis13 1983 Mean ¼ 70 THA GA
GA

Bigler14 1985 Mean ¼ 79 Hip Fx GA

Ghoneim15 1988 Mean ¼ 61 TURP, THA,
TKA, Vag Hyst

GA

Jones16 1990 �60 TKA, THA GA

Nielson17 1990 Mean ¼ 69 TKA GA

Haan18 1990 Mean ¼ 72 TURP GA

Rasmussen19 2003 Mean ¼ 71
years

Major noncardiac GA

Williams-Russo20 1995 Median ¼ 69 TKA GA

GA, general anesthesia, Hip FX, hip fracture; NS, no significant differences in cogni
THA, total hip arthroplasty; TKA, total knee arthroplasty; TURP, transurethral
some uniformity has developed regarding methodologic
approaches and statistical issues. This is in large part
due to consensus statements8,9 and definition papers4,10

bringing attention to issues such as practice effects, the
value of an age-matched control group, group versus indi-
vidual change scores, and ceiling and floor effects.
Tables 41-1 through 41-3 compare randomized clinical
trials (RCTs) evaluating interventions to minimize POCD,
but the methodology is not consistent across these trials,
making it difficult to compare results.
EVIDENCE

Trials Comparing the Effects of General
Versus Regional Anesthesia on POCD

Within the last 30 years, there have been numerous inves-
tigations examining Bedford’s original claim regarding
general anesthesia.1 The 10 RCTs included in Table 41-1
varied in the type of surgery, the time of postoperative
testing, the type of neuropsychologic tests administered,
and the definition of POCD.11-20 When one evaluates
these studies, which all used prospective randomization
and objective cognitive measures, there is little evidence
that long-term (30 days or greater) postoperative cog-
nitive dysfunction occurs more often following general
relative to regional anesthesia. At most, there is some
evidence that general anesthesia is associated with
reduced global cognitive functioning in the early post-
operative recovery hours and days. The two most
recent studies by Rasmussen and colleagues19 and
Cognitive Outcomes after General versus

esthetic
hnique

Sample
Size

Time of Testing
(Days Postop)

Cognitive
Differences

vs. spinal 44 30 NS

vs. spinal 44 30 NS

vs. epidural vs.
þ epidural

30 90 NS

vs. spinal 40 90 NS

vs. regional 105 90 NS

vs. spinal 146 90 NS

vs. spinal 64 90 NS

vs. spinal 53 90 NS

vs. regional 428 90 NS

vs. epidural 262 180 NS

tive outcomes between the groups at the time of testing indicated in this table;
resection of the prostate; Vag Hyst, vaginal hysterectomy.



Table 41-2 Prospective Randomized Trials Evaluating Cognitive Outcomes after Alterations
in Operative Techniques for Coronary Artery Bypass Graft Surgery

Author Year Age (Years) Intervention
Sample
Size

Time of
Testing
(Postop) Cognitive Differences

Lloyd21 2000 Median ¼ 61 Off vs. on pump 60 12 weeks NS

Van Dijk22 2002 Mean ¼ 61 Off vs. on pump 281 90 days and
1 year

Off pump: better cognitive
outcome at 3 months NS at
1 year

Zamvar23 2002 Mean ¼ 63 Off vs. on pump 60 10 weeks Off pump: better cognitive
outcome

Rankin24 2003 Mean ¼ 61 Off vs. on pump 43 60-90 days NS

Lee25 2003 Mean ¼ 66 Off vs. on pump 60 1 year Off pump: better cognitive
outcome

Lund26 2005 40-80 Off vs. on pump 120 90 days NS

Jensen27 2006 �55 Off vs. on pump 120 103 days NS

Ernest28 2006 Mean ¼ 63 Off vs. on pump 107 60 and
180 days

NS

Vedin29 2006 Mean ¼ 65 Off vs. on pump 70 1 and
6 months

NS

Van Dijk30 2007 Mean ¼ 61 Off vs. on pump 281 5 years NS

Boodhwani32 2007 �60 Hypothermia 34�C vs. 36�C 267 90 days NS

Rubens33 2007 Mean ¼ 59 Processed vs. unprocessed
shed blood

269 90 days NS

Hammon34 2007 �60 Single vs. multiple cross-clamp 107 180 days Cognitive outcomes significantly
better with single cross-clamp

Mathew35 2007 Mean ¼ 69 Moderate hemodilution to
Hct ¼ 27% vs. Profound
hemodilution to Hct ¼ 15%-18%
during CPB

108 6 weeks Profound hemodilution in
elderly patients associated with
cognitive decline

CPB, cardiopulmonary bypass; Hct, hematocrit; NS, no significant differences in cognitive outcomes between the groups at the time of testing indicated in this table.

Table 41-3 Prospective Randomized Trials Evaluating the Effect of Anesthetic Management on
Postoperative Cognitive Outcome Techniques

Author Year
Age
(Years)

Surgical
Procedure Intervention

Sample
Size

Time of
Testing
(Postop)

Cognitive
Differences

Day37 1988 Mean ¼ 79 Femur Fx Vitamins B and C 60 3 months NS

Jhaveri38 1989 �65 Cataract
surgery

Hypocapnic ventilation to
PaCO2 of 4.9 vs. 2.9 kPa vs.
local block

83 4 weeks NS

Enlund39 1998 Mean ¼ 36 Orthognathic
surgery

Isoflurane vs. propofol
anesthesia

29 28-56 days NS

Williams-
Russo40

1999 Mean ¼ 72 THA Hypotensive (MAP ¼ 45-55)
vs. less hypotensive
(MAP ¼ 55-70) BP

235 4 months NS

Faraq41 2006 Mean ¼ 64 Elective
surgery
>2 hours

Low BIS (median ¼ 39) vs.
High BIS (median ¼ 51)

74 4-6 weeks Low BIS had better
information-
processing speed

Silbert42 2006 Mean ¼ 68 CABG High (50 mcg/kg) vs. low
(10 mcg/kg) dose fentanyl

350 3 months
and 1 year

NS

BIS, bispectral index; CABG, coronary artery bypass graft surgery; Fx, fracture; NS, no significant differences in cognitive outcomes between the groups at the time
of testing indicated in this table; THA, total hip arthroplasty.
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Williams-Russo and colleagues20 best exemplify this
finding. Both studies included a large participant pool
and applied rigorous methodologic approaches to assess
the effects of general versus regional anesthesia for up to
6 months following surgery.19,20 They both clearly demon-
strate that the type of anesthesia (general versus regional)
made no difference in long-term cognitive outcome. How-
ever, all the patients receiving regional anesthesia also
received intravenous opioids and sedatives during the
surgical procedure, so it is not known if regional anesthe-
sia with no additional intravenous agents would improve
postoperative cognitive outcome.

Trials Evaluating the Effects of Surgical
Techniques on POCD

There is increasing evidence that CABG can produce long-
term cognitive decline.6 The use of cardiopulmonary bypass
has long been regarded as one of the potential causes of neu-
rocognitive impairment following CABG. It has been sug-
gested that off-pump CABG, in which surgery is
performed on a beating heart without cardiopulmonary
bypass, should result in improved neurocognitive out-
comes. Table 41-2 illustrates 10 RCTs that have
evaluated neurocognitive function after on-pump versus
off-pump CABG.21-30 Only three trials were able to dem-
onstrate that off-pump surgery improved postoperative
cognitive function.22,23,25 The remainder of these trials
were unable to find significant differences in late cogni-
tive outcome (greater than 1 month after surgery) after
CABG regardless of whether the procedure used car-
diopulmonary bypass or not.21,24,26-30 Van Dijk and collea-
gues22,30 performed the longest postoperative follow-up
and found that avoidance of cardiopulmonary bypass in
low-risk patients undergoing CABG improved cognitive
outcomes at 3 months after the procedure but had no ben-
eficial effect on cognitive outcomes at either 1 or 5 years
after surgery. A recent meta-analysis analyzing prospective
RCTs evaluating off- versus on-pump CABG concluded
that the findings of these studies “suggest that factors
other than cardiopulmonary bypass may be responsible
for cognitive decline, such as anesthesia and the
generalized inflammatory response that is associated with
major surgical procedures.”31

Other variations in operative technique during CABG
with cardiopulmonary bypass are outlined in Table 41-2.
Boodhwani and colleagues32 randomized patients under-
going CABG to either an intraoperative nasopharyngeal
temperature of 34�C (hypothermia) or 37�C (normother-
mia) to determine if mild hypothermia would have a
neuroprotective effect. Although mild hypothermia had
no major adverse effects on outcome, it did not improve
neurocognitive outcome at 3 months after surgery.32

Cerebral emboli are common during CABG and are
also considered to be one of the primary mechanisms for
POCD. Several recent studies have investigated techni-
ques to minimize cerebral emboli during cardiac sur-
gery.33,34 Cardiotomy blood that is aspirated from the
pericardial cavity during cardiopulmonary bypass may
contain cellular debris and fat particles, and it is possible
that these microemboli may cause cerebral damage.
However, a study randomizing patients to receive either
nonprocessed or processed blood (blood that is centri-
fuged to remove debris from the blood before return to
the patient) failed to demonstrate improved postoperative
neurocognitive outcomes.33 A reanalysis of data from a
large group of patients undergoing CABG suggests that
cardiopulmonary bypass performed with the use of a
single cross-clamp may reduce cerebral emboli and
improve postoperative cognitive outcome, but additional
research is needed to confirm this finding.34 Extreme
hemodilution to hematocrit (Hct) values less than 18%
during cardiopulmonary bypass is common during
CABG.35 Mathew and colleagues35 randomized patients
undergoing CABG to either moderate hemodilution (Hct
�27%) or profound hemodilution (Hct ¼ 15% to 18%) on
cardiopulmonary bypass and found that older patients
in the profound hemodilution group experienced greater
postoperative neurocognitive decline.

Trials Evaluating the Effects of Various
Anesthesia Techniques on POCD

Exposure to anesthetic agents has been suggested as a
possible cause of postoperative cognitive dysfunction in
elderly patients. Anesthetic agents affecting the release
of central nervous system neurotransmitters such as ace-
tylcholine, dopamine, and norepinephrine could poten-
tially impair memory, especially in elderly patients.
A systematic review of the literature concerning the
impact of anesthesia on memory revealed that the major-
ity of the studies have serious shortcomings in the psy-
chometric test measures used, the selection of study
populations, and interpretation of the results.36 At this
time there are no definitive conclusions on the effects of
anesthesia on learning and memory, and additional
research is needed to clarify the relationship between
anesthetic agents and postoperative cognitive changes.

Table 41-3 contains RCTs evaluating the effect of peri-
operative anesthetic management on POCD.37-42 The
perioperative use of intravenous vitamins did not
decrease the risk of postoperative confusion in patients
with femur fractures.37 Likewise, varying the type of anes-
thesia (propofol or isoflurane) or the intraoperative dose
of fentanyl administered did not affect postoperative cog-
nitive outcome.39,42 In one study, patients anesthetized
with deeper (both groups were still within the recom-
mended range for depth of anesthesia) levels of anesthesia
were able to process information more quickly at 4 to
6 weeks after surgery, but did not perform differently on
working or verbal memory tests.41

Although it may seem obvious that intraoperative
hypotension would be associated with increased postop-
erative cognitive problems, the literature does not support
this theory. Williams-Russo and colleagues40 randomized
older adults undergoing total hip replacement to either
mild hypotension (mean blood pressure of 55 to 70) or
marked hypotension (mean blood pressure of 45 to 55).
At 4 months after surgery, there were no significant dif-
ferences in the rates of POCD between the groups, as
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well as no significant differences in other complications,
including cardiac, renal, and thromboembolic events.40

These findings are in agreement with an earlier long-
itudinal study that found no relationship between intra-
operative hypotension or hypoxemia and POCD in
elderly patients.2 It has also been hypothesized that
hyperventilation and the resultant decrease in cerebral
blood flow might result in insufficient cerebral oxygena-
tion and cause POCD. In a study of patients undergoing
cataract surgery, patients were randomized to three
groups: general anesthesia and ventilation to 4.9 kPa
(37 torr) versus general anesthesia and hyperventilation
to 2.9 kPa (22 torr) versus local anesthesia with spontane-
ous ventilation.38 There were no significant differences
in cognitive outcome among the groups at 4 days and
4 weeks after surgery.
AREAS OF UNCERTAINTY

It is now accepted that POCD occurs in a significant
number of elderly patients, but the mechanisms responsi-
ble for this problem are unknown. Likewise, there are
no known interventions to minimize or prevent this
complication.

Because advancing age, lower educational level, and
previous CVA with no residual deficit have been found
to be independent predictors of POCD, it is likely that a
patient’s preoperative cognition may be the most impor-
tant determinant of postoperative cognitive problems.2,3,6

The brain reserve hypothesis argues that individuals
with larger cognitive reserve have greater capacity to
replace compromised brain areas and maintain high
functioning.43 This theory suggests that elders who are
cognitively impaired before surgery might be at higher
risk for postoperative cognitive problems. Thus, even
mild perioperative neurologic trauma may be a sufficient
proximal cause to move people over that functional cliff
and into the range of cognitive functioning that might
be classified as impaired.44 It is, therefore, possible that
patients with borderline cognition before surgery may
be predisposed to POCD when exposed to anesthetic
agents, surgical trauma, the perioperative inflammatory
response, or other perioperative events. One reason that
the RCTs (see Tables 41-1, 41-2, and 41-3) evaluating
interventions to improve cognitive outcome have had
limited success may be that the subject groups may not
include enough high-risk patients to detect differences
in treatments.

Extensive data support the use of cholinesterase inhibi-
tors, including tacrine, donepezil, rivastigmine, and galan-
tamine, for the treatment of mild to moderate Alzheimer’s
disease. A small pilot study evaluated the efficacy of
donepezil in treating patients with cognitive decline at
1 year after CABG and found cognitive improvement
on delayed and immediate recall tests at 12 weeks after
surgery but no changes on tests of executive function or
word association.45 Although the findings in this study
are preliminary, they provide hope that pharmacologic
interventions to treat POCD will be developed in the
future.
GUIDELINES

There are no formal guidelines regarding avoidance and
treatment of POCD.
AUTHORS’ RECOMMENDATIONS

The authors have the following suggestions:

l Anesthesiologists should be aware that POCD occurs in a
significant number of elderly patients.

l Anesthesiologists should also be informed about postoperative
cognitive problems so that they can discuss these issues with
concerned patients and their families.

l The preoperative cognitive status of the patient should be
assessed during the preoperative interview. The Mini-Mental
State Examination is a valid screening instrument for cognitive
status.46

l Until further studies are done, it is impossible to recommend
an anesthetic technique that will change cognitive outcomes;
however, it makes sense to avoid drugs with long-acting
central nervous system effects such as benzodiazepines in the
elderly.

l Despite the lack of evidence, it is likely that the maintenance of
adequate tissue oxygenation, hemodynamic stability, and
appropriate anesthetic depth will be associated with the best
cognitive outcomes in elderly patients.
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Do Intensive Care Specialists
Improve Patient Outcomes?

Patrick Neligan, MA, MB, FCARCSI, and Clifford S. Deutschman, MD,
MS, FCCM
INTRODUCTION

Intensive (critical) care units (ICUs) first appeared in the
1950s as specialized wards to care for patients with acute
respiratory failure. Subsequent technical and pharmaco-
logic advances led to the provision of life-sustaining care
for a medley of medical and surgical problems. Admission
to intensive care is determined by a requirement for venti-
latory or cardiovascular support, invasive monitoring or
correction of life-threatening fluid and electrolyte abnorm-
alities, or the expectation that severe, life-threatening
abnormalities may arise without warning. Although ICUs
are characterized by a high ratio of nurses to patients (usu-
ally 1:2 or less), physician staffing is variable. Based on the
size of the hospital, ICUs may be generalized (“mixed”) or
specialized. Subtypes include coronary care units (CCUs),
burn units, medical ICUs (MICUs), surgical and trauma
ICUs (SICUs), and cardiac surgical and neurosurgical units.

The use and availability of critical care beds have
increased dramatically over the past 50 years. There are
more than 6000 ICUs in the United States.1,2 Since its incep-
tion, intensive care has cost the United States approxi-
mately $1 trillion.3 Overall health care costs in the United
States are now over $2 trillion annually, 16% of gross
domestic product (GDP), and this is rising.4 Currently,
more than 1% of GDP5 is spent on critical care. The number
of critical care beds in hospitals in increasing, while the
number of non–critical care beds is diminishing.6 Conse-
quently, the cost of providing critical care services will con-
tinue to escalate. Inevitably, rationing of resources will
result.7 Only recently has utility of critical care been rigor-
ously validated. Consequently, it is essential that critical
care services are efficient, effective, and economic.
THE ARGUMENT FOR INTEGRATED CRITICAL
CARE SERVICES

There has been significant historic diversity in the opera-
tion and organization of intensive care units. An early
consultant-based model is being supplanted by one
featuring an intensive care specialist (“intensivist”). In
the consultant model one physician typically manages
mechanical ventilation while dysfunction of other organs is
directed by a combination of the primary care team and a
series of specialist consultants. Responsibility for orders,
consultations, and decisionmakingmay lie with the primary
physician, but this often is unclear. Faults with this system
include diffusion of responsibility, expertise imbalance
between the decision maker and consultant, high cost, com-
peting and conflicting orders, duplication of services, lack
of cohesive planning, inconsistent coverage (particularly
nights and weekends), and potentially worse patient
outcomes.8

Specialized critical care training has been introduced
over the past 30 years to deal with the shortcomings of
this system. This has led to an integrated model whereby
the intensivist coordinates the care of the patient, taking
primary responsibility for the patient while in the ICU,
and requests consultations if necessary. At the extreme is
a “closed” model in which the full-time intensive care
physician controls all admissions, discharges, orders, clin-
ical management, and consultations for all patients admit-
ted to the ICU. Advantages of this system include
consistency of care, cost control, communication, avail-
ability, a clear hierarchy of responsibility, facilitation of
standards, and improved nurse-physician relations. Faults
with this system include the capacity to “lock out” the pri-
mary physician, loss of continuity of care, and the poten-
tial for conflict.

Unlike other specialties, critical care medicine has not
been accepted universally. In several countries specific
vocational training is available.9 In the United States criti-
cal care is a subspecialty of anesthesiology, surgery, inter-
nal medicine, and pediatrics. Wide variations in the
duration and nature of training exist.9 It has been neces-
sary for intensivists to justify their existence, using the
evidence-based platform, a situation that distinguishes
critical care from other specialties such as cardiology,
trauma surgery, and emergency medicine, which share
common features. At its core critical care requires an inte-
grationist approach: the 1970s and 1980s were character-
ized by the hyperspecialization of the medical profession
along system lines—the cardiovascular system, the renal
system, the gastrointestinal tract, and even systems within
systems. Intensive care specialists provide general holistic
medical care according to severity of illness.

Conceptually, critical care may be both horizontally
and vertically integrated, with its own specialists, its
own team, and its own management structure. This
includes an intensive care director and a multidisciplinary
critical care team.
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Thus, evaluation of outcomes relating to the appoint-
ment of an intensive care specialist mandates appraisal
of all literature relating to critical care organization. Three
questions are asked: (1) Do intensive care specialists
improve outcomes—mortality, morbidity, cost reduction,
length of stay? (2) What impact does the appointment
of a critical care director have on ICU performance and
outcomes? and (3) Does the conversion of an ICU from
open to closed format, with concomitant introduction of
an intensive care team, confer additional benefit?

EVIDENCE

The Intensive Care Specialist

Physician staffing in intensive care has not been rigorously
studied. The literature is largely anecdotal or observational,
usually detailing changes in costs and outcomes following
planned changes in critical care staffing or configuration.
Changes in physician staffing were usually accompanied
by other alterations—the introduction of a critical care team
or an ICU director, for example. Simultaneous changes in
case-mix or severity of illness require adjustment in statisti-
cal results. The definition of physician staffing varies from
an intensivist doing daily rounds (often in collaboration
with the primary care team) to a “closed” 24-hour critical
care service. Different styles of critical care service that
involve the intensivist may or may not use external physi-
cian consultants, or may envelop consultation services
such as nutrition or pharmacy, and may operate quite
differently but carry the same “intensivist” label.10-12 Atten-
tion should also be paid to specialist nurse training, nurse-
to-patient ratios, and the presence or absence of certified
nurse practitioners.13

Li and colleagues14 looked at outcomes and interven-
tions in a community hospital ICU before (n ¼ 463) and
after (n ¼ 491) the introduction of an ICU physician. There
was a significant reduction in adjusted (reason for admis-
sion, age, mental status) hospital mortality rate following
the change, with a concomitant increase in the use of inva-
sive monitors.

Pollack and colleagues11 studied ICU mortality rates,
the use of monitoring and therapeutic modalities, and effi-
ciency of ICU bed utilization in the 3 months before (n ¼
149) and after (n ¼ 113) the appointment of a pediatric
intensivist and daytime ICU team. There was a clear
improvement in the efficiency of bed utilization following
the arrival of the intensivist. There was a reduction in the
number of admissions of patients with low severity of ill-
ness and for monitoring, with a parallel increase in thera-
peutic and monitoring interventions in the post intensivist
period. Mortality rate, adjusted for case mix, reduced in
the intensivist period by 5.3% (number needed to treat to
prevent one death [NNT] 19, odds ratio [OR] 0.51 [0.16
to 1.67, 95% confidence interval (CI)]).

Reynolds and colleagues15 studied outcomes in
patients with septic shock in the year before (n ¼ 100)
and after (n ¼ 112) the introduction of a critical care ser-
vice, staffed by intensivists. There was a significant reduc-
tion in hospital mortality rate from 74% to 64% (absolute
risk reduction [ARR] 10%, NNT 10, OR 0.46 [0.26 to 0.83,
95% CI]), following introduction of the critical care
service. There was also a significant increase in the use
of invasive monitors, but no change in the number of
external consultations.

Brown and colleagues16 performed a cohort analysis of
223 patients admitted to ICU before, and 216 patients after,
the introduction of an intensivist operating in an open
model. Intensive care mortality rate decreased from 28%
to 13% (ARR 15%, NNT 6.6, OR 0.40 [0.25 to 0.66,
95% CI]). Hospital mortality rate decreased from 36% to
25% (ARR 11%, NNT 9, OR 0.59 [0.39 to 0.90, 95% CI]). This
effect was consistent irrespective of severity of illness.

Hanson and colleagues17 undertook a cohort study
comparing two parallel models of critical care. One group
of patients was looked after by an on-site critical care
team, supervised by an intensivist. The other was man-
aged by a surgical team supervised by a general surgeon,
with multiple commitments. Despite having higher Acute
Physiology and Chronic Health Evaluation II scores,
patients cared for by the critical care team spent less
time in the surgical intensive care unit, had fewer compli-
cations, used fewer resources, and had lower total
hospital charges. There was no significant difference
in hospital or ICU mortality rates. Selection bias may have
been an issue with this study.

Blunt and colleagues18 compared outcomes in intensive
care units covered by intensivist versus nonspecialist con-
sultants (anesthesiologists) covering multiple sites using
standardized mortality ratios. The case-mix-adjusted hos-
pital mortality rate of intensive care patients improved
significantly in the intensivist group compared with the
nonspecialist group (standardized mortality ratios 0.81
versus 1.11, OR 0.73 [0.55 to 0.97, 95% CI]).

Dimick and colleagues19 and Pronovost and collea-
gues,20 using similar methodology, studied outcomes fol-
lowing high-risk surgery in the state of Maryland via a
large database.21 Following esophageal resection, lack of
daily rounds by an ICU physician was associated with lon-
ger lengths of stay (7 days; 1 to 15, 95% CI; p ¼ .012), higher
hospital costs (61% increase or $8,839; 95% CI, $1,674 to
$19,192; p ¼ .013), and increased frequency of postoperative
complications.22 Following aortic repair surgery, not hav-
ing daily rounds by an ICU physician was associated with
a threefold increase in in-hospital mortality rate (OR, 3.0;
95% CI, 1.9 to 4.9), and in major postoperative complica-
tions such as cardiac arrest (OR, 2.9; 1.2 to 7.0, 95% CI),
acute renal failure (OR, 2.2; 1.3 to 3.9, 95% CI), and sepsis
(OR, 1.8; 1.2 to 2.6, 95% CI). Thus daily rounds by an inten-
sive care physician are efficient, effective, and economical.

Numerous other studies have haphazardly appeared in
the literature in abstract form. Pronovost and colleagues23

have completed a systematic review to include these
data. ICU physician staffing was divided into low inten-
sity (no intensivist or elective intensivist consultation) or
high intensity (mandatory intensivist consultation). High-
intensity staffing reduced the risk of ICUmortality (pooled
relative risk [RR] 0.61, 0.50 to 0.75, 95%CI), hospital mortal-
ity (RR 0.71, 0.62 to 0.82, 95% CI), and ICU and hospital
length of stay, whether adjusted for case mix or not.

Levy and colleagues24 studied the impact of intensive
care specialists on hospital mortality rate using a large
database (Project IMPACT) that had been designed to
address resource use in 123 ICUs across the United States.
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The study was performed by intensivists using a database
constructed by intensivists. Patients who were managed
by intensive care specialists had greater severity of illness
than those managed by the primary physician and they
underwent more procedures. When outcomes were
adjusted for illness severity and a propensity score was
used, patients cared for by intensive care specialists had
greater in-hospital mortality rates than those who were
not. Critical care predicted hospital mortality rate with a
crude odds ratio (OR) of 2.13 (p <0.001). The addition of
SAPS II (a severity of illness scoring system) to this model
reduced this OR to 1.42 (p <0.001). Further inclusion of
the propensity score decreased the OR to 1.40 (p <0.001).
Several potential limitations to this study should be noted.
The study tests two different hypotheses. The first looked
at outcomes depending on whether an intensivist was cho-
sen or not by the primary physician. This likely resulted in
selection bias, because choice patients were likely to be less
severely ill, and intensivists presumably consulted due to
clinical concerns. The second study involved more robust
groups—critical care for the entire stay (18,618 patients,
critical care medicine [CCM] group) versus no critical care
(22,870 patients, no CCM group), presumably due to lack
of availability. The CCM group were more likely to be aca-
demic medical centers in urban locations, indicating that
selection bias, which included racial background, chronic
health problems, and socioeconomic status, may have had
an impact. Another form of selection bias may have been
evident—that of the units themselves.25 It is likely that
there is a cohort of nursing-led ICUs that may function at
a very high level of care. This may result from strict adher-
ence to protocols and guidelines, with meticulous attention
to infection control and involvement in, and submission to,
national benchmarking databases (such as Project
IMPACT).26 Thus, this study may illuminate the effective-
ness of an elite group of ICUs, absent an intensive care spe-
cialist, that through tight organizational controls may have
better outcomes.

In conclusion, the majority of studies have demon-
strated that availability of an intensive care specialist
may reduce mortality rate, length of stay, and costs in
intensive care. Interestingly, there are impressive epide-
miologic data that intensive care outcomes for many diag-
noses are improving.27-32 This may reflect the overall
increase in awareness of critical illness; improved vertical
integration between emergency medicine, medicine, sur-
gery, and anesthesia; and a problem-oriented, systems-
based approach to medical education and practice. Young
and Birkmeyer33 have estimated that full implementation
of intensivist-model ICUs would save approximately
53,850 lives each year in the United States. Conversely,
Levy and colleagues24 have suggested that management
of patients in “choice” ICUs by intensivists and in units
with full critical care management of patients, compared
with a no-intensivists model, may be associated with
worse outcomes. No clear explanation for the adverse out-
comes in this patient subgroup has emerged. However, it
is worth noting that the presence of an intensive care spe-
cialist alone is not a “critical care service” and that
improved outcomes may result from an integrated model
of specialist and multidisciplinary team care, strategic
management, and tight organizational structure.
Intensive Care Organization

As previously noted, the introduction of intensive care
specialists is one part of a system, usually referred to as
a “critical care service.” A critical care team, led by an
intensivist and including residents, fellows, nurse practi-
tioners, respiratory therapists, and a pharmacist, provide
24-hour care to the patient. This may be in full collabora-
tion with the primary care team (the “open” model), or
to replace that team as primary caregivers (the “closed”
model).

Baldock and colleagues34 prospectively studied 1140
patients admitted into a mixed medical-surgical ICU over
a 3-year period, during which time resident medical staff
and a closed configuration were introduced. ICU mortal-
ity rate was reduced from 28% to 19% (ARR 9%, NNT
11), OR 0.61 (0.42 to 0.89, 95% CI). Hospital mortality rate
was reduced from 36% to 24% (ARR 12%, NNT 8), OR
0.54 (0.38 to 0.77, 95% CI).

Carson and colleagues35 studied change from an open
(n ¼ 121) to a closed (n ¼ 124) format in a medical ICU.
Apache II scores indicated that patients admitted follow-
ing closure of the unit were significantly sicker. Mortality
rates increased following unit closure. However, the ratio
of actual mortality to predicted mortality rate was lower
in this system. Resource utilization remained similar,
which is surprising in view of the increase in severity of
illness. Consequently this paper suggests the cost-effec-
tiveness and probable clinical effectiveness of the closed
unit format.

Ghorra and colleagues36 retrospectively studied the
conversion of a surgical ICU from open (n ¼ 125) to
closed (n ¼ 149) format. Again, primary care was
provided by an intensive care team. There was a signifi-
cant reduction in mortality rate, from 14% to 6% (ARR 8,
NNT 12, OR 0.38 [0.17 to 0.88, 95% CI]), and in complica-
tions from 56% to 44% (ARR 12, NNT 8). This was
accompanied by a reduction in the number of consulta-
tions (from 0.6 to 0.4 per patient). The incidence of renal
failure and the use of low-dose dopamine were higher in
the open format, reflecting outdated approaches to criti-
cal illness.37

Multz and colleagues38 retrospectively looked at out-
comes in a community hospital before and after conver-
sion to a closed ICU model, and prospectively compared
outcomes with a nearby hospital’s open ICU. Although
no significant differences in mortality rate were found in
either arm of this underpowered study, there was a signif-
icant reduction in ICU length of stay (retrospective 6.1
versus 9.3 days, p <0.05; prospective 6.1 versus 12.6 days,
p <0.0001), hospital length of stay (retrospective 22.2 ver-
sus 31.2 days, p <0.02; prospective 19.2 versus 33.2 days,
p <0.008) and days of mechanical ventilation (retrospec-
tive 3.3 versus 6.4 days, p <0.05; prospective 2.3 versus
8.5 days, p <0.0005).

Treggiari and colleagues39 studied outcomes for patients
with acute lung injury in open versus closed ICUs. A total
of 24 intensive care units were evaluated, with complete
data for 23; 13 units were closed and 11 were open. Hospi-
tal mortality rate was improved significantly in the closed
versus open units (adjusted OR, 0.68; 95% CI, 0.53, 0.89;
p ¼ 0.004). The presence of a consulting pulmonologist,
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presumably with critical care training, and thus an “inten-
sivist,” did not appear to confer benefit in open ICUs.

Using data from a prospective cohort study, Nathens
and colleagues40 looked at mortality rates in trauma
patients across 68 intensive care units. After adjusting for
differences in baseline characteristics, the relative risk of
death in intensivist-model ICUs was 0.78 (0.58 to 1.04) com-
pared with an open ICU model. The effect was greatest in
the elderly (RR, 0.55 [0.39 to 0.77]), in units led by surgical
intensivists (RR, 0.67 [0.50 to 0.90]), and in designated
trauma centers 0.64 (0.46 to 0.88). It is worth noting
that in this study, as in other studies of surgical ICUs,
high-volume surgical centers are more likely to have inten-
sivists, and these factors may reinforce one another.41-43

Tai and colleagues44 retrospectively studied quality of
patient care and procedure use in a medical ICU over
two 3-month periods before (n ¼ 112) and after (n ¼
127) change in unit organization. In the first period, an
open model prevailed. In the second, an intensivist
provided daytime care, acting as primary physician and
gatekeeper, with rotational medical cover at night. There
was a reduction in median length of stay. Interestingly,
the use of invasive monitors increased from 0% to 24%
for arterial lines, and from 0% to 5.5% for pulmonary
artery catheters, without evidence of improvements in
outcomes.

The introduction of a physician-manager for intensive
care services (ICU director) has become universal.
However, there is significant variability in the director’s
day-to-day involvement in medical care, protocols, bed
management, and audit.

Manthous and colleagues45 studied outcomes and edu-
cational standards in a medium-sized community hospital
in the year before (n ¼ 459) and after (n ¼ 471) the
appointment of a director of critical care. ICU mortality
rate was reduced from 21% to 15% (ARR 6%, NNT 16,
OR 0.66 [0.47 to 0.93, 95% CI]). This reduction in mortality
rate was consistent for most disease processes and sever-
ity of illness. In addition, there was a significant reduction
in hospital mortality rate from 34% to 25% (ARR 9%, NNT
11, OR 0.63 [0.48 to 0.84, 95% CI]). There was a concomi-
tant reduction in mean stays in the ICU (from 5.0 � 0.3
days to 3.9 � 0.3 days [p <0.05]) and in the hospital (from
22.6 � 1.4 days to 17.7 � 1.0 days), along with an improve-
ment in standard of knowledge of residents.

Mallick and colleagues46 examined a 1991 survey by
the Society of Critical Care Medicine (SCCM) of nearly
3000 ICUs to determine the effectiveness of the role of the
ICU director. They concluded that significant involvement
of the ICU director in the day-to-day operation of the unit
reduced inappropriate bed occupancy, thus improving effi-
ciency. Strosberg and colleagues47 questioned nurse man-
agers from 137 ICUs on the involvement of ICU directors
in bed management at their hospitals. This revealed that
although many hospitals had ICU directors, there was a
perception of limited nocturnal availability.

Zimmerman and colleagues48 looked at organizational
issues in nine ICUs and determined that superior organi-
zation was characterized by a patient-centered culture,
strong medical and nursing leadership, effective commu-
nication and coordination, and open, collaborative
approaches to solving problems and managing conflict.
They failed to equate superior organization to improved
risk-adjusted survival.

Shortell and colleagues49 examined risk-adjusted mor-
tality rates in 42 ICUs involving 17,440 patients using
Apache III. They found that high-quality organization
was associated with lower risk-associated mortality rate,
lower risk-adjusted length of stay, lower nurse turnover,
and higher patient and family member satisfaction. Exam-
ples of organizational excellence included technologic
availability, lack of diagnostic diversity, and caregiver
interaction comprising the culture, leadership, coordina-
tion, communication, and conflict management abilities
of the unit.

A large European study of ICU organization,
EURICUS-1,50 published in 1998, looked at the organiza-
tional characteristics of 89 ICUs in 12 European countries.
It was determined that the optimal model of ICU organi-
zation—where the strategic apex of shared medical-
nursing administration lies within the ICU—exists in only
12% of ICUs studied. Further, there was no clear concept
of “intensive care,” little planning or purposeful organi-
zation, and few defined objectives.30

The Leapfrog group has proposed that intensive care
services provided by telemedicine, involving an inten-
sive care specialist covering several ICUs from a remote
location,51 would be a reasonable surrogate for a full-time
intensivist.52 This has been a widely embraced system of
alternative intensivist staffing,53 and it has demonstrated
some outcome benefit.54 Breslow and colleagues55 have
shown that tele-ICU services improve outcomes (reduced
hospital mortality rate, 9.4% versus 12.9%; relative risk,
0.73; 95% CI, 0.55 to 0.95) and reduce length of stay (3.63
days [95% CI, 3.21 to 4.04] versus 4.35 days [95% CI, 3.93
to 4.78]). This approach should be envisioned as comple-
menting and extending organized ICU services rather than
manifesting an alternative model for critical care service
delivery.

In conclusion, the conversion of intensive care units
from open to closed formats and the appointment of an
ICU medical director appears to confer modest benefits
in terms of mortality rate, morbidity, resource utilization,
and length of stay. At least in part, these outcome benefits
relate to more advanced critical care built on the intensi-
vist model.
AREAS OF UNCERTAINTY

The limited literature published in this field supports the
appointment of intensive care specialists alongside the
development of multidisciplinary critical care teams, stan-
dards-based care, and an integrated organizational struc-
ture. There are a number of significant limitations. The
majority were cohort studies using historical controls.
Hawthorne effects cannot be discounted. Only one group,
Hanson and colleagues,56 concurrently studied patients in
the same ICU. This study was limited by lack of randomi-
zation and multiple potentially confounding variables
because significant selection bias may have been present.
Similarly, the large cross-sectional studies by Pronovost
and colleagues,57 Dimick and colleagues,58 and Nathens
and colleagues40 were limited by single diagnoses and
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the possibility that poorer outcomes related not to critical
care but to hospital volume and expertise.59 However,
Pronovost and colleagues,60 having corrected for these
factors, demonstrated a threefold increase in mortality rate
in hospitals without daily intensivist rounds. A number of
the studies required statistical adjustments to demonstrate
mortality rate differences.11,36,40,61,62 This is consistent with
validated prediction models.63

Another potential limitation is publication bias. Studies
of this nature are performed by intensivists to promote
their specialty. Thus, it is unlikely that studies will be
published demonstrating worse outcomes. Conversely, a
number of studies have been published in abstract form
alone. When systematically reviewed with published data,
Table 42-1 Summary of Published Studies on Intens

Study Intervention Design
Unit
Type

Number
Study
group

Li91 Intensivist Cohort
Retrospective
observational

Mixed 463

Pollack92 Intensivist
plus daytime
ICU team

Cohort
Prospective
observational

Pediatric 149

Reynolds93 Intensivist
plus team

Cohort
Prospective
HC

MICU 100

Brown94 Intensivist Cohort
Prospective
HC

Mixed 223

Hanson95 Intensivist
plus team

Cohort
Retrospective
Concurrent

SICU 100

Blunt96 Intensivist Cohort HC MICU 393

Dimick97 Intensivist
daily rounds

Cross-
sectional

SICU 182

Pronovost98 Intensivist
daily rounds

Cross-
sectional

SICU 2036

Baldock99 Intensivist
Closed

Cohort HC Mixed 330

Carson100 Intensivist
Closed

Cohort HC MICU 121

Ghorra101 Intensivist
Closed

Cohort HC SICU 125

Multz102 Intensivist
Closed

Cohort HC MICU 154

Multz102 Intensivist
Closed

Prospective
Cohort HC

MICU 185

Tai103 Intensivist
During day

Cohort HC MICU 127

Manthous104 ICU director Cohort HC MICU 930
support for the intensivist model persists.64 Moreover,
Pronovost and colleagues64 have been unable to demon-
strate publication bias in the literature.

Many authors have questioned whether the intensivist
model improves outcomes only during the daytime when
intensivists are physically present in the ICU. Although a
24-hour intensivist may be associated with improved out-
comes,65 there is no compelling evidence that patient out-
comes are worse when admitted at night, on weekends, or
during the month of July66-70 (Table 42-1).

Finally, the study by Levy and colleagues24 may lead to
a reassessment of the entire intensivist paradigm. Although
it was a data-mining exercise of a database that was
designed to examine workload, not outcomes, the results
ive Care Specialists

Number
Control
group

Mortality
Benefit
(OR)

Hospital
LOS
reduced

Cost
Benefit

Morbidity
Benefit

491 0.91* Hosp — Yes —

113 0.51* — — —

112 0.46 — — —

216 0.40 ICU
0.59 Hosp

— — —

100 — Yes Yes Yes

328 0.59* — — —

169 — Yes Yes Yes

472 0.56 Yes Yes Yes

395 0.61 ICU
0.54 Hosp

— — —

124 0.89{

predicted
No Yes —

149 0.36* ICU — Yes Yes

152 — Yes Yes Yes

95 — Yes Yes Yes

112 — — Yes —

459 0.63
ICU0.66
Hosp

Yes Yes —

(Continued)
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Study Intervention Design
Unit
Type

Number
Study
group

Number
Control
group

Mortality
Benefit
(OR)

Hospital
LOS
reduced

Cost
Benefit

Morbidity
Benefit

Nathens40 Intensivist
Intensive
care team

Prospective
Cohort

Trauma
SICU

0.78 ICU
0.64
trauma
centers

— — —

Treggiari39 Intensive
care team
Closed

Cohort MICU
(ARDS)

684 391 0.68 Hosp — — —

Levy24 Intensivist Cohort All
types

18,618 22,870 1.40{Hosp — — —

HC, historic control; MICU, medical intensive care unit; SICU, surgical intensive care unit.
*Adjusted for severity of illness.
{Indicates unfavorable outcome with intensive care specialist.
{Adjusted for standardized mortality ratios.
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appear to be robust. However, the self-selection of highly
functioning ICUs to the Project IMPACT database is
problematic when applied to the population as a whole
(“we measure what we value”), and this may represent
an alternative model of ICU organization, rather than a
repudiation of the critical care concept.25 Guidelines and
standards used in these units were developed by intensi-
vists in academic medical centers and adopted by commu-
nity hospitals, and this may represent the ultimate example
of the effectiveness of evidence-based medicine.
AUTHORS’ RECOMMENDATIONS

Most data support the contention that patient outcomes improve
with the provision of an intensivist as part of an intensive care
team. However, it is important to note that the data are heteroge-
neous—varying from daytime availability of an intensivist,71 to
“not consulted but available,”72 to 24-hour cover,73 to complete
service closure.74 It is tempting to suggest that outcome improve-
ment is related to the degree of involvement and responsibility of
the critical care team, and indeed a dose-response relationship has
been described,75,76 but more proof is required.

Although the intensivist model is ubiquitous outside the
United States, there is significant geographic variability in out-
comes.77-79 Identifying why this is so is difficult. Some factors
worth considering are bed availability,78 nurse and physician
workload,80,81 and practice patterns and resource availability.82

There is emerging evidence that subspecialist ICUs further
improve outcomes.83 Conversely, there is evidence that in certain
circumstances, intensivists may be associated with worse out-
comes.24 Perhaps this illustrates the paradox of intensive care:
hospital mortality rates of intensive care patients can be manipu-
lated by admission and transfer criteria and end-of-life decision
making. By “cherry picking” admissions with likely more favor-
able outcomes, by transferring to alternative (specialist) units the
sickest patients, and by delaying end-of-life decision making (for
example, by using long-stay ventilator facilities), more favorable
outcomes may be presented without better health care delivered.
Intensivists, then, appear to be valuable, but are they avail-
able? In 1997 intensivists cared for only 37% of critically ill
patients.84 This is expected to fall significantly over the next 20
years. Currently, 78.9% of intensivists are pulmonologists, 11.9%
are internists, 6.1% are anesthesiologists, and 3.2% are surgeons.
The percentage of intensivists who are anesthesiologists is
declining.85 In spite of this the Committee on Manpower for Pul-
monary and Critical Care Services has determined that surgical
ICUs are particularly underserved by intensivists compared with
medical units.86 In 1996 there were 130 graduates from surgically
oriented (50% were anesthesiologists) critical care training pro-
grams, compared with 464 from internal medicine–based pro-
grams.86 This reflects the high opportunity cost of practicing
critical care versus operating room activity.85 Nevertheless,
economically powerful patient advocate organizations87 are
demanding intensivist involvement in patient care. Increased
remuneration or income redistribution may result. It is unlikely
that this demand can be met86,88 for the foreseeable future. Novel
concepts such as telemedicine89 may provide a bridge.

In summary, focused, standardized care with clear leadership,
rapid specialist availability, and a well-developed team approach
appears to be the optimal model for critical care organization.26

Unquestionably, there will be an increased demand for intensi-
vists trained in anesthesiology; the question is—are you in or
are you out?90
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 Can We Prevent Recall during
Anesthesia?

T. Andrew Bowdle, MD, PhD
INTRODUCTION

Three large prospective studies of the incidence of intra-
operative awareness from Australia, Europe, and North
America suggest that the overall rate is in the range of
0.1% to 0.2% or 1 to 2 per thousand patients.1-3 Intraopera-
tive awareness can be a minor or a major complication
depending on the severity and the response of the indi-
vidual patient; in severe cases posttraumatic stress disor-
der may occur.4-6 In select patient populations the rate of
intraoperative awareness may be substantially higher,
such as in cardiac surgery patients where the rate has
been reported to be in the range of 0.4% to 1%.3,7-12

Recent prospective studies of intraoperative awareness
in children found a rate of 0.8% to 1.1%.13, 14 Conversely,
the rate of intraoperative awareness may be lower in a
particular setting. A recent retrospective analysis of qual-
ity assurance data from a single medical center suggested
that the incidence of intraoperative awareness was
0.0068% or 1 per 14,560 patients.15 Methodologic criti-
cisms can be made of all of these studies of the incidence
of intraoperative awareness.16 However, as a whole the
literature suggests that intraoperative awareness is a sig-
nificant problem. Many anesthesiologists find a rate of
intraoperative awareness in the vicinity of 0.1% to be
unacceptably high. Most patients affected by intraopera-
tive awareness find the experience to be unacceptable,
especially if they experience pain and anxiety.1 Can we
prevent recall during anesthesia, or at least lower the rate
substantially?

OPTIONS

Some episodes of intraoperative awareness are caused by
specific, identifiable errors in anesthetic drug administra-
tion. Examples of these errors include the following:

1. Administration of a muscle relaxant instead of a hyp-
notic during induction of anesthesia resulting in an
awake, paralyzed patient.

2. Unrecognized failure of a pump to deliver an intrave-
nous hypnotic drug such as propofol. See Rowan17 for
a particularly vivid example.

3. An unrecognized empty vaporizer.

Thus, prevention of drug administration errors could be
useful for reducing intraoperative awareness. Discussion
of drug administration errors and strategies for
prevention are beyond the scope of this chapter, and readers
are referred to previous publications.18-23

Many, if not most, cases of intraoperative awareness
occur without the occurrence of a specific error in drug
administration and are probably related to an unusually
large anesthetic dose requirement, due either to lower than
average sensitivity to one or more drugs or faster than aver-
age clearance of one or more drugs. Large variation between
individuals in anesthetic drug effect or anesthetic drug clear-
ance is well documented for a variety of anesthetic drugs.24

Identification of higher-risk individuals in advance and
administration of larger doses of anesthetic to these indivi-
duals might reduce the rate of intraoperative awareness.
Unfortunately, there is not currently a practical clinical
method for identifying such individuals.

Patients receiving nondepolarizing muscle relaxants
during the maintenance phase of anesthesia may be at
greater risk of intraoperative awareness, presumably
because they may not be able to move as readily and
thereby give a clue to the anesthesiologist that the anes-
thetic depth is inadequate.2 Some anesthesiologists take
the approach of using as small a dose of muscle relaxant
as possible to provide surgical exposure, with the idea
that if the patient is too lightly anesthetized he or she will
still be able to move. This practice probably makes sense,
although it is clear from case reports that patients may not
move during an episode of intraoperative awareness even
in the absence of neuromuscular blocking drugs.25

Another option could be to give all patients very large
doses of anesthetic drugs that would be adequate for even
the least sensitive patient. There are numerous drawbacks
to this approach, including cost, the potential for slow
wakeup, and cardiovascular side effects, not to mention
that there are no data that show what dose of anesthetic
drug would be large enough to prevent intraoperative
awareness under every circumstance in every patient.

Likewise, no particular drug has ever been shown to be
uniquely reliable for preventing awareness in every cir-
cumstance in every patient; intraoperative awareness has
been reported in patients receiving apparently adequate
doses of just about every possible anesthetic agent. The
available evidence suggests that total intravenous anesthe-
sia has the same risk of intraoperative awareness as inha-
lational anesthesia.2,26-28

Finally, there is the option to somehow monitor the
depth of anesthesia and titrate anesthetic drugs accord-
ingly. Hypothetically, such an approach might prevent
291
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intraoperative awareness by identifying the patients who
require larger doses of anesthetic drugs. The rest of this
chapter will focus on this last approach.
EVIDENCE

Electroencephalography (EEG) has been the most widely
applied technology for measuring anesthetic depth. Audi-
tory evoked potentials have also been used either alone or
in combination with EEG. For a comprehensive review of
the methodology of using EEG and/or auditory evoked
potentials to measure anesthetic depth, the reader is
referred to previous publications.29,30

Although it may seem reasonable that depth of anes-
thesia monitoring would reduce the incidence of intra-
operative awareness, that outcome was certainly not
assured. The opposite hypothesis was entertained by
some—that depth of anesthesia monitoring would actu-
ally increase the incidence of intraoperative awareness,
because numerous studies had previously shown that on
average patients received less anesthetic drug when mon-
itored with an EEG depth of anesthesia monitor.31

Three clinical trials have suggested that intraoperative
monitoring with EEG (specifically the Bispectral Index
[BIS] monitor) can significantly reduce the incidence of
intraoperative awareness (Table 43-1). The first was a ret-
rospective case-comparison study of 5057 consecutive BIS-
monitored patients from two hospitals in Sweden, com-
pared with 7826 non–BIS-monitored patients from the
same institutions.32 There were 2 cases of intraoperative
awareness in the BIS-monitored series compared with 14
in the non–BIS-monitored case-matched controls. This dif-
ference was statistically significant (p <0.039).

The second study was a prospective, randomized,
international multicenter trial of 2463 patients at high risk
for intraoperative awareness (e.g., cardiac, trauma, obstet-
rics) assigned randomly to BIS or non-BIS groups (the
so-called B-AWARE trial).9 High-risk patients were
chosen for this trial in order to increase the statistical
power of the study. There were 2 cases of intraoperative
awareness in the BIS-monitored group and 11 in the
non–BIS-monitored group. Again, the difference was sta-
tistically significant (p ¼ 0.022).

The most recent trial, published by Avidan and collea-
gues,33 was a single-center, randomized trial of BIS
Table 43-1 Summary of Clinical Trials of Bispectral I
of Intraoperative Awareness

Ekman et al.,
200432

5057 consecutive BIS-monitored patients compared
with 7826 non–BIS-monitored case-control patients

Myles et al.,
2004,
“B-AWARE”
trial9

Randomized, prospective; patients at high risk for
awareness, 1225 BIS-monitored, 1238 non–BIS-
monitored standard practice

Avidan et al.,
200833

Randomized, prospective; patients at high risk for
awareness, 967 BIS-guided, 974 target end-tidal
anesthetic gas guided
monitoring (target BIS range 40 to 60) compared to tar-
geted end-tidal anesthetic gas analysis (target range 0.7 to
1.3 MAC) with nearly 2000 total patients. The patients
were required to be at “high risk” for intraoperative
awareness based on a specific set of criteria. Approxi-
mately 25% of the patients had cardiac surgery. BIS and
end-tidal anesthetic gas data were collected for both
groups, but BIS values were not visible in the operating
room for the targeted end-tidal anesthetic gas analysis
group. Patients were assessed for intraoperative aware-
ness three times, at 0 to 24 hours, 24 to 72 hours, and 30
days after extubation. Classification of no awareness, pos-
sible awareness, or definite awareness was made by a
panel of blinded reviewers.

There were two cases of definite awareness in each
group. There were BIS values greater than 60 in one of
the patients with awareness (in the BIS-monitored group),
and end-tidal anesthetic gas concentration less than 0.7
MAC in three patients with awareness (including both
patients in the targeted end-tidal anesthetic gas group).
The incidence of awareness was approximately 0.2%.
The authors concluded that their findings “do not support
routine BIS monitoring as part of standard practice,” a
conclusion that may not be warranted by the data.

The other randomized trial of BIS monitoring (the so-
called B-AWARE trial by Myles and colleagues9) was a
comparison of BIS monitoring to “standard practice” in
high-risk patients. The “standard practice” group had an
incidence of awareness of approximately 1%, which was
the expected incidence, compared with approximately
0.2% in the BIS-monitored group, a statistically significant
difference in favor of BIS monitoring. The study by Avi-
dan and colleagues33 was not a comparison of BIS moni-
toring with “standard practice”; rather, it was a
comparison of BIS monitoring with another intervention
in which practitioners were instructed to keep end-tidal
anesthetic gas concentrations within a particular range,
and the gas monitor audible alarms were set to activate
when the concentrations were outside the prescribed
range. Given that the expected incidence of awareness in
the study by Avidan and colleagues33 was approximately
1% (as estimated by the authors), and the observed inci-
dence of awareness was 0.2% with BIS monitoring or
targeted end-tidal anesthetic gas analysis, one could con-
clude that either BIS monitoring or targeted end-tidal
anesthetic gas analysis were similarly effective in
ndex (BIS) Monitoring for Reduction

Two hospitals in
Sweden

Two cases of intraoperative awareness in
BIS-monitored group versus 14 in non–
BIS-monitored group (p <0.039)

International, 21
hospitals, most in
Australia

Two cases of intraoperative awareness
in BIS-monitored group versus 11 in
non–BIS-monitored group (p ¼ 0.022)

Single center Two cases of intraoperative awareness in BIS
group, two cases in targeted end-tidal
anesthetic group
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reducing the expected incidence of intraoperative aware-
ness. Unfortunately, Avidan and colleagues33 did not
have a true “standard practice” control group for compar-
ison, so we cannot know with certainty what the incidence
of intraoperative awareness would have been in their
patients without either BIS monitoring or targeted end-
tidal anesthetic gas analysis.

Another problem with the study by Avidan and collea-
gues33 concerns missing data. Three of the four patients
with intraoperative awareness, including both patients in
the BIS group, had epochs of missing BIS data lasting
approximately 20 to 30 minutes. No explanation for the
missing data was provided. One cannot help but wonder
whether intraoperative awareness may have occurred dur-
ing an epoch of missing BIS data in the BIS-monitored
patients, and whether the availability of BIS data would
have enabled the anesthesia providers to prevent aware-
ness in these patients. The argument can be made that no
monitoring device is able to provide usable data under all
circumstances, and the prevalence of missing data contri-
butes (negatively) to the overall performance and useful-
ness of any monitor. Nevertheless, it would be very
valuable to distinguish intraoperative awareness that
occurswith BIS values in the target range (less than 60) from
intraoperative awareness that occurs in the absence of
usable BIS data. Unfortunately, it is not possible to make
that distinction for three of the four patients with intra-
operative awareness in the study by Avidan and collea-
gues33 because of significant amounts of missing BIS data.

It may be instructive to look more closely at patients
who have had intraoperative awareness despite the use
of a BIS monitor. In the Swedish case-control study there
were two BIS-monitored patients with intraoperative
awareness, both of which occurred during intubation,
with a BIS value greater than 60 (BIS values less than 60
are generally considered to be desirable for the purpose
of avoiding intraoperative awareness).32 In the multicen-
ter randomized prospective trial (B-AWARE) there were
two BIS-monitored patients with intraoperative aware-
ness, one during laryngoscopy with a BIS value of 79 to
82 and one during cardiac surgery with a BIS value of 55
to 59.9 In this later case, intraoperative awareness
occurred despite BIS values in the recommended range.
In the study by Avidan and colleagues,33 one patient with
intraoperative awareness had a complete record of BIS
and end-tidal anesthetic gas data, except for a few min-
utes following induction of anesthesia. This patient
appears to have had intraoperative awareness with a BIS
less than 60. Despite the possibility that intraoperative
awareness can occur with a BIS less than 60, the use of
BIS resulted in reduction of the incidence of intraoperative
awareness from about 1% (either an actual measured inci-
dence with Myles and colleagues9 or an expected inci-
dence with Avidan and colleagues33) to about 0.2% in
both the Myles and Avidan studies, suggesting that BIS
is useful.

Although intraoperative awareness appears to be less
likely at depth of anesthesia monitoring index values in the
recommended range (e.g., less than 60 for BIS), clearly it is
possible for index values to exceed the recommended range
without the occurrence of intraoperative awareness, and the
sufficient conditions to produce intraoperative awareness
are not known. The Swedish case-control study32 reported
the distribution of BIS index values greater than 60 found
in 5057 consecutive BIS-monitored patients. They found an
average time with BIS index greater than 60 of 1.9 minutes
during induction of anesthesia (range 0 to 10 minutes) and
2.0 minutes during maintenance (range 0 to 178 minutes).
As noted previously, only two of these patients had intra-
operative awareness.

Given that intraoperative awareness can occur at BIS
less than 60, it is important to use the traditional methods
of detecting light anesthesia (movement, vital signs, etc.)
and give reasonable doses of anesthetic drugs regardless
of the BIS—those who understand the BIS technology
have never seriously suggested otherwise. As a general
principle, the wise practitioner realizes that no monitoring
device, single “number,” or data point should be used as
the sole guide to patient care.

There have been very few individual case reports of
intraoperative awareness in the presence of BIS values in
the recommended range, that is, less than 60. In two pub-
lished case reports of purported intraoperative awareness
with BIS values less than 60, the BIS data were taken retro-
spectively from an anesthesia record, not from the contin-
uous record stored in the memory of the monitor.34,35

Because the BIS values are recorded intermittently on a
handmade anesthesia record, it is possible that the BIS
values pertinent to the episode of intraoperative aware-
ness may not appear on the anesthesia record. In the
instance of one of the case reports,34 when the complete
record was obtained at a later time from the flash memory
of the monitor, there were substantial time periods with
BIS greater than 60 that were not recorded on the anesthe-
sia record.36
AREAS OF UNCERTAINTY

Whether the clinical trials discussed previously constitute
a convincing argument that BIS monitoring reduces the
incidence of intraoperative awareness depends perhaps
on whether you think the glass is half empty or half full.
It would be desirable to have additional trials of depth
of anesthesia monitoring for the prevention of intraopera-
tive awareness. However, by historical standards, that
three studies suggest better outcomes for patients moni-
tored with a particular device is significant. By compari-
son, it has not been possible to demonstrate that pulse
oximetry affects outcome,37-39 and most studies suggest
that the use of pulmonary artery catheters produces worse
outcomes or outcomes that are no better than when pul-
monary artery catheters are not used.40-42 The BIS monitor
is probably the only monitoring device used in anesthesi-
ology that has been shown by a clinical trial to improve
outcome.

The BIS monitor is not the only depth of anesthesia
monitor available today. Several other monitors use EEG
and/or auditory evoked potential monitoring to assess
anesthetic depth.30 Although similar in principle to BIS,
each of these monitors uses different hardware and soft-
ware. Whether the use of non-BIS depth of anesthesia
monitors will result in a reduction in the rate of intra-
operative awareness is unknown.



294 Section III PERIOPERATIVE MANAGEMENT
As noted previously, intraoperative awareness can
occur during the use of a BIS monitor. There are limita-
tions to the monitor that have to be taken into account.30

An evaluable, suitably artifact-free EEG signal is not avail-
able under all circumstances. There is a time lag of around
15 to 30 seconds related to EEG processing so that the BIS
number slightly lags behind the current anesthetic state.
This may be especially important during induction and
intubation, when events occur relatively quickly and BIS
processing may lag significantly behind. Interestingly, in
the three clinical trials of BIS for the prevention of intra-
operative awareness there were three cases of intraopera-
tive awareness during laryngoscopy or intubation in
patients monitored with BIS, associated with BIS greater
than 60. The circumstances under which intraoperative
awareness occurs at BIS values greater than 60 are not
understood; clearly, not all patients having values greater
than 60 experience intraoperative awareness. Some patients
with BIS values less than 60 may experience intraoperative
awareness.

One wonders whether the combined, simultaneous
application of BIS monitoring and targeted end-tidal anes-
thetic gas analysis (as described by Avidan and collea-
gues33) or target-controlled infusion (TCI) for intravenous
anesthetics would result in a lower incidence of intraopera-
tive awareness than either modality alone.
GUIDELINES

TheAmerican Society ofAnesthesiologists published a prac-
tice advisory on intraoperative awareness and monitoring
in 2006 (available at www.asahq.org/publications AndSer-
vices/AwareAdvisoryFinalOct05.pdf). It is important to
note that an advisory does not have the force of a practice
guideline or standard of care. As noted in the publication,
“Practice advisories are not supported by scientific literature
to the same degree as are standards or guidelines because
sufficient numbers of adequately controlled studies are lack-
ing.” The reader is urged to read the complete text of the
advisory, but the “bottom line” recommendation follows:
“It is the consensus of the Task Force that the decision to
use a brain function monitor should be made on a case-by-
case basis by the individual practitioner for selected
patients. . . . It is the opinion of the Task Force that brain func-
tion monitors currently have the status of the many other
monitoring modalities that are currently used in selected
situations at the discretion of individual clinicians.”

The Joint Commission on Accreditation of Healthcare
Organizations has published a ‘‘sentinel event alert’’
concerning intraoperative awareness (available at www.
jointcommission.org/SentinelEvents/SentinelEventAlert/
sea_32.htm). The reader is urged to read the complete text
of the sentinel event alert. The portion relevant to depth of
anesthesia monitoring follows:

To overcome the limitations of current methods to detect anes-
thesia awareness, new methods are being developed that are less
affected by the drugs typically used during general anesthesia.
These devices measure brain activity rather than physiological
responses. These electroencephalography (EEG) devices (also
called level-of-consciousness, sedation-level and anesthesia-depth
monitors) include the Bispectral Index (BIS)W, spectral edge fre-
quency (SEF) and median frequency (MF) monitors. These
devices may have a role in preventing and detecting anesthesia
awareness in patients with the highest risk, thereby ameliorating
the impact of anesthesia awareness. A body of evidence has not
yet accumulated to definitely define the role of these devices in
detecting and preventing anesthesia awareness; the Joint Com-
mission expects additional studies on these subjects to emerge.

SUMMARY

Intraoperative awareness is a significant clinical problem.
Several large studies suggest that the incidence is around
0.1% overall, with higher and lower rates possible for spe-
cific circumstances. There is no simple, completely reliable
way to prevent intraoperative awareness. Prevention
of intraoperative awareness requires a comprehensive
approach, including meticulous attention to correct drug
administration, careful clinical observation of the patient
for movement or autonomic responses to surgical stimula-
tion, avoidance of muscle relaxant overuse, and appropri-
ate use of monitors of anesthetic depth. Two clinical trials
have indicated that BIS monitoring may significantly
reduce the incidence of intraoperative awareness.
AUTHOR’S RECOMMENDATIONS

1. Because some cases of intraoperative awareness are related to
errors in drug administration, do everything possible to avoid
these errors. See previous publications for suggestions of
methodology for avoiding drug administration errors.18-23

2. Use only the smallest dose of neuromuscular blocking drugs
necessary to achieve adequate surgical exposure.

3. If available, BIS monitoring may help reduce the incidence
of intraoperative awareness, as suggested by three clinical
trials.9,32,33 As with any monitor, BIS monitors have limitations.
Users of BIS monitors (or other depth of anesthesia monitors)
are encouraged to be very familiar with the correct operation of
the monitor, interpretation of the data, and inherent limita-
tions. Whether the use of non-BIS monitors of anesthetic depth
can result in reduced incidence of intraoperative awareness is
currently unknown.

4. Awareness during intubation appears to be relatively com-
mon. Therefore if depth of anesthesia monitoring is available,
it may be valuable to initiate monitoring before induction of
anesthesia. Nevertheless, it is important to note that monitors
typically lag behind the current anesthetic state by at least 15
to 30 seconds because of the time required for processing the
raw EEG signal, which may limit the usefulness of monitoring
during induction or at other times when rapid changes in the
EEG are taking place.

5. Prevention of intraoperative awareness requires a
comprehensive approach, including meticulous attention to
correct drug administration, careful clinical observation of the
patient for movement or autonomic responses to surgical
stimulation, avoidance of muscle relaxant overuse, and
appropriate use of monitors of anesthetic depth.

http://www.asahq.org/publicationsAndServices/AwareAdvisoryFinalOct05.pdf
http://www.asahq.org/publicationsAndServices/AwareAdvisoryFinalOct05.pdf
http://www.jointcommission.org/SentinelEvents/SentinelEventAlert/sea_32.htm
http://www.jointcommission.org/SentinelEvents/SentinelEventAlert/sea_32.htm
http://www.jointcommission.org/SentinelEvents/SentinelEventAlert/sea_32.htm
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What Is the Best Technique
in the Patient with an Open
Globe and Full Stomach?
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INTRODUCTION

The anesthesiologist who cares for a patient with a
penetrating eye injury and a full stomach must confront spe-
cial challenges. The risk of blindness in the injured eye that
could result from increased intraocular pressure (IOP) pro-
ducing extrusion of intraocular contents must be weighed
against the risk of aspiration associated with suboptimal air-
way management. Although succinylcholine is commonly
used as part of a rapid-sequence induction technique for the
patient with a full stomach having nonocular emergency
surgery, the use of succinylcholine in ocular trauma is contro-
versial. Clearly, succinylcholine causes a small, transient
increase in IOP that dissipates within 7 minutes of adminis-
tration.1 The precise mechanism of this increase has not been
established. In the past, it was postulated that tonic contrac-
tions of the extraocular muscles were responsible for the
IOP increase. However, in a feline model of anterior and
posterior ocular trauma, the only apparent effect of succinyl-
choline was forward displacement the lens and iris, unac-
companied by any extrusion of ocular contents.2 Moreover,
in a study of 15 patients having elective enucleation, succinyl-
choline was administered after all the extraocular muscles
to the diseased eye had been detached. There was no differ-
ence in IOP increase between the intact and the detached
eyes.3 It is now generally hypothesized that the succinylcho-
line-induced increase in IOP is associated with choroidal
vascular dilation or a reduction in drainage resulting from
increased central venous pressure, transiently reducing the
flow of aqueous humor through the canal of Schlemm.4

Nonetheless, assorted methods may be selected to attenuate
the effect of succinylcholine on IOP, if it is administered.

Alternatives to succinylcholine are available, and the
advantages and disadvantages of these approaches are
numerous, and will be discussed. As in all cases of trauma,
it is axiomatic that other injuries, such as skull and orbital
fractures, intracranial trauma associated with subdural
hematoma formation, and the possibility of thoracic or
abdominal injury, must be excluded before surgically
addressing the penetrating eye injury.

OPTIONS/THERAPIES

Although regional anesthesia is often a valuable option for
the management of trauma patients who have recently
eaten, this alternative traditionally had been considered
contraindicated in patients with penetrating eye injuries
owing to concerns about potential extrusion of intraocular
contents from the pressure generated by administration of
local anesthetics, from the force associated with instru-
mentation of the orbit, from squeezing of the eyelids asso-
ciated with pain on injection, or from potential bleeding
subsequent to injection. Nevertheless, there are case
reports of successful use of ophthalmic blocks in this
setting. Several techniques are available that may be
selected in appropriate patients. These include cannula-
based sub-Tenon block techniques, intracameral injection,
topical anesthesia,5 and peribulbar and/or retrobulbar
anesthesia. Because there are many distinct permutations
of eye injuries, Scott and colleagues6 developed techni-
ques to safely block patients with selective open-globe inju-
ries. During a 4-year interval, 220 open eyes were repaired
with regional anesthesia at Bascom Palmer Eye Institute.
Many of the injuries were the result of either intraocular
foreign bodies or dehiscence of cataract or corneal trans-
plant incisions. Eyes in which regional techniques were
selected tended to have more anterior, smaller wounds
than those repaired with general anesthesia, and were less
likely to have a pupillary defect. Indeed, in some cases
the wounds may have been self-sealing. No outcome
difference—that is, change of visual acuity from present-
ing evaluation until final examination—between eyes
repaired under regional compared with general anesthe-
sia was detected. Given the relevant caveats and surgical
issues involved, the decision to administer regional anes-
thesia to a traumatized eye is best left to the ophthalmic
surgeon.

It is not always possible, however, to determine the
precise extent of ocular disruption preoperatively. There-
fore general anesthesia is typically considered a prudent
choice in this setting. Preoperative prophylaxis against
aspiration may include administration of H2 receptor
antagonists to increase gastric fluid pH and to decrease
gastric acid production. Additionally, metoclopramide
may be given in an attempt to stimulate peristalsis and
promote gastric emptying.

Once the decision has been made to administer
general endotracheal anesthesia, the patient’s airway can
be secured using either succinylcholine after pretreat-
ment to blunt its effect on IOP or by administering a
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nondepolarizing muscle relaxant with the appropriate
dose adjustment to facilitate rapid-sequence induction.
On rare occasions, it may be deemed advisable to perform
an awake fiber-optic intubation to secure the airway. This
latter approach may be the safest alternative in a patient,
for example, whose airway assessment suggests a difficult
intubation and whose eye has been seriously injured and
may not be salvageable. This approach, however, may
dramatically increase IOP if the patient gags or retches
from the local anesthetic spray or coughs when the trans-
tracheal injection is performed.
EVIDENCE AND CONTROVERSIES

Nondepolarizing Muscle Relaxants

One of several nondepolarizing muscle relaxants can be
administered to facilitate rapid-sequence induction for
open eye injuries. In general, however, onset time is
slower and somewhat less predictable than with succinyl-
choline. To overcome this disadvantage, various methods
have been proposed to accelerate the onset of nondepo-
larizing agents. These approaches include priming7,8 and
using high-dose regimens.

The priming principle involves using approximately
one tenth of an intubating dose of nondepolarizing drug,
followed 3 or 4 minutes later by an intubating dose. Then,
after waiting an additional 90 seconds, intubation of the
trachea may be performed. Priming, however, is not
devoid of risk; partial paralysis may occur from the
priming dose itself, and a case of pulmonary aspiration
after a priming dose of vecuronium has been reported.9

Several studies have explored the use of large doses of
nondepolarizing neuromuscular blockers to accelerate the
onset of adequate relaxation for endotracheal intubation.
Using vecuronium doses of 0.2 and 0.4 mg/kg, Casson
and Jones10 found mean onset times of 95 and 87 seconds,
respectively. Ginsberg and colleagues11 found compara-
ble, albeit slightly longer, onset times.

Some have proposed rocuronium 0.6 mg/kg as a satis-
factory substitute for succinylcholine in rapid-sequence
induction and intubation.12,13 Others, however, indicate that
as much as 0.9 to 1.2 mg/kg of rocuronium is necessary
to produce equivalent intubating conditions to succinyl-
choline.14-16 These high doses have the disadvantage
of protracted duration of action, a factor that could prove
hazardous in a patient with an unrecognized difficult
airway. Nonetheless, when the promising new selective
relaxant binding agent sugammadex (Org 25969) becomes
commercially available, this risk could be minimized, if
not eliminated. Initial studies with sugammadex to antag-
onize rocuronium- and vecuronium-induced neuromus-
cular blockade have been encouraging.17-19

Less than a decade ago, it was hoped that rapacuronium
(Org 9487), with its swift onset, would offer a reliable, non-
depolarizing alternative to succinylcholine. However,
rapacuronium is no longer available because it produced
intractable bronchospasm in some patients. A new ultra-
short-acting nondepolarizing agent (GW280430A) is
currently undergoing investigation as a possible substitute
for succinylcholine.

Regardless of the particular nondepolarizing agent
administered, it is mandatory to appreciate that a prema-
ture attempt at endotracheal intubation produces cough-
ing, straining, and a dramatic increase in IOP of as much
as 40 mm Hg, underscoring the necessity of confirming
the onset of paralysis with a peripheral nerve stimulator.
One must keep in mind, however, that muscle groups
vary in their response to muscle relaxants; abolition of
twitch responses in the thumb does not necessarily indi-
cate that the larynx is fully relaxed. Despite the panoply
of methods to optimize their efficacy, nondepolarizing
muscle relaxants often produce imperfect intubating con-
ditions at 60 seconds, a protracted period of paralysis,
and a longer time when the patient has an unprotected
airway when compared with succinylcholine.

Attenuating the Effect of Succinylcholine
on IOP

To maintain appropriate perspective, it is important to
remember that the small, transient increase in IOP
induced by succinylcholine pales in comparison with
the dramatic intraocular hypertension that occurs with
such maneuvers as coughing, straining, vomiting, or
attempting to intubate an inadequately anesthetized
patient. These occurrences can produce devastating con-
sequences in the setting of an open eye injury.

Moreover, in 1993, McGoldrick20 pointed out that Linc-
off’s 1957 watershed article states: “Various communica-
tions have been received from ophthalmologists who
have used succinylcholine in surgery. This includes sev-
eral reports of cases in which succinylcholine was given
to forestall impending vitreous prolapse only to have a
prompt expulsion of vitreous occur” (emphasis added).21

Under such desperate circumstances, it seems inappropri-
ate to attribute the expulsion of vitreous directly to
succinylcholine.20

Nonetheless, numerous methods have been devised
to blunt the effect that succinylcholine has on IOP.
These include self-taming, and pretreatment with aceta-
zolamide,22 narcotics,23-26 nifedipine,27 nitroglycerin,28 pro-
pranolol,29 lidocaine,30,31 and nondepolarizing muscle
relaxants. In reality, although some attenuation of the succi-
nylcholine-induced increase in IOP results, none of these
drugs consistently and completely blocks the ocular hyper-
tensive response associated with administration of this
rapid-onset, short-acting, depolarizing muscle relaxant.

Self-taming32,33 is a technique whereby a small amount
of succinylcholine is given before proceeding to adminis-
ter the full intubating dose for rapid-sequence induction.
Although Verma,32 in 1979, claimed that a self-taming
dose was protective, Meyers33 found this approach to be
ineffective.

Pretreatment with a small defasciculating dose of non-
depolarizing agent has yielded conflicting results. In 1968,
Miller and colleagues,34 using indentation tonometry,
reported that pretreatment with small amounts of gallamine
or d-tubocurarine prevented succinylcholine-associated
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increases in IOP. Ten years later, however, Meyers and col-
leagues,35 using the more sensitive applanation tonometer,
were unable to consistently block the ocular hypertensive
response after similar pretreatment therapy. More recently,
it has been suggested that mivacurium obtunds the IOP
increase from succinylcholine.36

AREAS OF UNCERTAINTY

There are no prospective, randomized, controlled trials
currently available to compare the safety and efficacy of
the various approaches to management of the patient with
an open eye and full stomach. The decision to administer
or avoid succinylcholine is a matter of assessing and bal-
ancing risks for the individual patient. The critical factors
to be considered in this individual calculus are the airway
assessment, the extent of ocular damage, and any poten-
tial medical contraindictions to a particular approach.

Although succinylcholine increases IOP, it allows intu-
bation reliably within 45 to 60 seconds after administration.
Its brief half-life enables swift recovery of muscle power if
intubation or ventilation becomes difficult. No currently
available shorter-acting nondepolarizing muscle relaxant
can compete with the pharmacokinetic profile of succinyl-
choline in terms of quick onset and offset. Perhaps in the
future, an ideal replacement that has an onset as rapid as
succinylcholine, dissipates as quickly as succinylcholine,
and causes no hemodynamic perturbation or increase in
IOP will be developed. Currently, we have no such holy
grail. We do know, however, that the small increase in
IOP produced by succinylcholine can be attenuated with
various pretreatments, and is notably less than the eleva-
tion in IOP encountered if paralysis is inadequate at the
time of attempted laryngoscopy and intubation after an
augmented dose of nondepolarizing agent was given in
hope of accelerating its onset. Moreover, retrospective
reports from such eminent institutions as the Wills Eye
Hospital in Philadelphia37 and the Massachusetts Eye and
Ear Infirmary in Boston38 indicated no instances of vitreous
extrusion or expulsion associated with succinylcholine
administration to patients with open eye injuries during
more than one decade of tracking.

GUIDELINES

There are no guidelines that address the best agent to use
in a patient with an open globe and full stomach.
AUTHOR’S RECOMMENDATIONS

Recognizing that the use of succinylcholine may decline with the
development of new and improved drugs, the author believes
that succinylcholine, except when contraindicated (malignant
hyperthermia susceptibility, for example), is the preferred neuro-
muscular blocking drug in patients with an open globe and
full stomach. Its rapid, reliable onset permits swift, smooth intu-
bation and airway protection without coughing, straining, or
other highly detrimental responses. Our currently available non-
depolarizing agents do not provide such excellent intubating con-
ditions quite so rapidly or predictably. Furthermore, it is not
always possible to foretell which patients may be difficult to intu-
bate or ventilate.39-41 The quick return of spontaneous respiration
is often invaluable in the management of a difficult airway.
Clearly, the use of appropriate intubating doses for rapid-
sequence induction with nondepolarizing drugs eliminates this
helpful option, although the addition of sugammadex to our
armamentarium may nullify, or at least mitigate, this potentially
dangerous obstacle.

Patients requiring general anesthesia whose airway assess-
ment is reassuring may occasionally have a contraindication, such
as malignant hyperthermia susceptibility, Duchenne muscular
dystrophy, or certain types of myotonia, to the administration of
succinylcholine. These patients may be managed using suffi-
ciently large doses of a nondepolarizing neuromuscular blocker
to enable accelerated onset of paralysis and satisfactory intubating
conditions. Maintenance could then be accomplished with a total
intravenous anesthetic technique.

When confronted with a patient whose airway anatomy
suggests potential difficulties, the anesthesiologist should consult
with the ophthalmologist regarding the likelihood of salvaging
the injured eye. In selective instances outlined previously in which
ocular injury is less devastating, general anesthesia may be avoided
by proceeding under topical or regional anesthesia. If this approach
is not feasible because the eye is severely damaged and probably
not salvageable, awake fiber-optic laryngscopy and intubation
may be the safest management choice, realizing that substantial
increases in IOP may be associated with gagging, retching, and
coughing. These hazards, however, become relatively unimportant
when balanced against the risk of losing the airway.
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Are Patients with Sleep Apnea
Appropriate for Ambulatory
Surgery?

Tracey L. Stierer, MD, and Nancy Collop, MD
INTRODUCTION/BACKGROUND

Obstructive sleep apnea (OSA) is a chronic condition that
is characterized by recurrent episodes of partial or com-
plete collapse of the upper airway during sleep. The
reduction or cessation of airflow during these obstructive
episodes may result in significant decreases in oxyhemo-
globin saturation and hypercarbia, and eventual arousal
from sleep. Patients with sleep apnea may have a variety
of nocturnal symptoms, such as loud disruptive snoring,
choking, and gasping, and they may have observed
pauses in breathing. Because sleep is fragmented, daytime
symptoms include excessive daytime sleepiness, mood
disorders, and neurocognitive impairment, which lead to
an increased likelihood of accidental injury or death.1

Additionally, it is well accepted that the abnormalities in
gas exchange that result from OSA are associated with
adverse cardiovascular, endocrine, and cerebrovascular
consequences.2-6

There is increasing public awareness of OSA and its
health consequences, and a growing concern among
health care providers that patients with sleep apnea may
be at risk for adverse perioperative outcomes, including
death. General population studies suggest that 5% of mid-
dle-aged women and 9% of middle-aged men suffer from
OSA, and there are data to suggest that the prevalence of
OSA is even higher in the elderly population.7,8 Unfortu-
nately, the prevalence OSA in adult patients undergoing
outpatient surgery is still unknown. Furthermore, it has
been estimated that up to 90% of those with the disease
carry no formal diagnosis.7,9 With 15 million patients
undergoing outpatient surgeries in free-standing ambula-
tory surgical centers each year, statistically, more than
1 million of them may suffer from disordered breathing.

The presence of OSA in the surgical patient is thought
to lead to potential problems with mask ventilation, tra-
cheal intubation, extubation, and the ability to provide
adequate analgesia without respiratory compromise.10

When the diagnosis of OSA is known, there is an opportu-
nity to arrange for additional resources to deal with antici-
pated potential airway complications and the need for
possible prolonged postoperative monitoring. However,
the patient who has signs and symptoms of OSA, but does
not have a formal diagnosis, poses a particular problem
for the ambulatory anesthesiologist who must decide
whether to proceed with surgery or delay the case until
the patient undergoes a formal evaluation. Additionally,
the anesthesiologist must decide if the patient is a candi-
date for a free-standing ambulatory surgical center.

The gold standard test used to determine the presence
of OSA is the polysomnogram (PSG). Polysomnography is
a relatively expensive, time-consuming, and labor-intensive
test, and cannot be performed on the day of the surgical
procedure. The patient who undergoes PSG is brought to
a sleep laboratory in the evening, monitors are applied,
and simultaneous recordings of several physiologic signals
are acquired over an 8-hour period while the patient sleeps.
Most sleep laboratories define an abnormal breathing epi-
sode of obstructive apnea as the complete cessation of air-
flow for a minimum of 10 seconds during sleep while the
patient makes persistent efforts to breathe. Although the
definition of hypopnea is less uniform, the most common
description is a decrease in airflow of greater than 30%
associated with a decrease in oxyhemoglobin saturation of
4% or more. The apnea hypopnea index (AHI) is the total
number of all recorded episodes of apneas and hypopneas
per hour of total sleep time, and if sleep-disordered breath-
ing is detected, it is reported as mild, moderate, or severe,
based on the AHI. It is important to note that the criteria
for diagnosis and the presentation of OSA differ between
the adult and pediatric populations, and what is discussed
in this review applies only to the management of adults.
OPTIONS

At present, there is no consensus to define the specific
additional risk, if any, that the presence of OSA poses to
the ambulatory surgical patient. Because the risk of poten-
tial OSA during outpatient surgery is poorly defined,
postponement of a surgical procedure to define the
patient’s risk may seem unreasonable to the patient and
the surgeon. There are both financial and social pressures
to proceed as the patient may have made arrangements
for time away from work, as well as provisions for family
members to help during the recovery period. Addition-
ally, even though the procedure may have been scheduled
as an elective outpatient procedure, the nature of the
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surgery may still be considered relatively urgent as in the
case of a breast biopsy to rule out cancer. Delay of this
type of procedure can have tremendous psychologic con-
sequences for the patient, and may result in delay of treat-
ment. Although there are no large-scale, randomized trials
that compare perioperative adverse outcomes of patients
with OSA with normal patients, several observational
studies have examined this question. Therefore current
perioperative care is based on clinical judgment and an
understanding of the pathophysiologic mechanism and
consequences of OSA.

PATHOPHYSIOLOGY/MECHANISM
OF ACTION

The occurrence of pharyngeal collapse during sleep sug-
gests that sleep onset is associated with functional altera-
tions in airflow in the upper airway that reduce patency
and increase resistance to airflow. The point of obstruction
can occur anywhere in the upper airway, from the soft
palate and nasopharynx to the base of the tongue and epi-
glottis, and frequently occurs at different sites during the
various stages of sleep.11 Bachar and colleagues12 demon-
strated sites and patterns of obstruction with the use of
sleep endoscopy in 55 surgical patients. They found that
the most common site of obstruction was uvulopalatine,
and also noted that many patients (72%) had multiple
sites of obstruction.12 Regardless of where the obstruction
occurs, two subsequent effects are thought to follow. First,
with repetitive episodes of hypoxia and hypercapnia, and
the reoxygenation that occurs during arousal, oxidative
stress ensues and systemic inflammation follows.13 Reac-
tive oxygen species are formed and cause injury to the
surrounding tissue. Although these molecules trigger
pathways that are adaptive to hypoxia, they have also been
found to have an association with harmful inflammatory
and immune responses. Among the changes are activation
of endothelial cells, leukocytes, and platelets.14,15 There is
increased sympathetic activity, which, after repetitive
cycles of hypoxia and hypercarbia, results in upregulation
of both alpha and beta receptors. This may have a role
in the pathogenesis of coronary and cerebrovascular
disorders.

One of the most commonly recognized cardiac sequelae
of OSA is right-sided heart dysfunction. The increased
sympathetic activity associated with the hypoxia and
hypercarbia leads to an increase in pulmonary vascular
resistance. The endothelial wall thickens and pulmonary
hypertension can ensue. The right ventricle hypertrophies
to meet the demand, and if unremedied can eventually
dilate and enlarge. However, while historically most atten-
tion has been directed toward the status of the right side of
the heart during a preoperative assessment in the patient
suspected of having OSA, there is a far greater association
with systemic hypertension and, more specifically, uncon-
trolled hypertension.16 Sixty percent to 70% of patients
with documented OSA have a concomitant diagnosis of
systemic hypertension, whereas only about 20% of those
with OSA have progression of the disease resulting in pul-
monary hypertension severe enough to cause right ventric-
ular dysfunction.
OSA has been implicated in the pathogenesis of various
other comorbidities, including coronary artery disease, con-
gestive heart failure, cardiac arrhythmias, sudden death,
stroke, and impaired glucose metabolism.14,15,17

EVIDENCE

To date, there is a paucity of outcome data on surgical
patients with diagnosed, or undiagnosed, OSA, and even
less that addresses outcomes in the ambulatory surgical
population. Recent studies suggest that 24-hour observa-
tion in a monitored environment confers minimal, if any,
advantage in risk reduction for ambulatory surgical
patients with uncomplicated obstructive sleep apnea.

Most available data arise from otolaryngologic studies,
specifically patients undergoing uvulopalatopharyngo-
plasty (UPPP). Several studies have addressed the ques-
tion of whether patients with OSA undergoing upper
airway procedures should be monitored in an intensive
care unit postoperatively, but the data are retrospective
and inconclusive. Mickelson and Hakim18 retrospectively
analyzed 347 consecutive patients who underwent UPPP.
Of the 14 patients who suffered complications, 5 involved
airway and the episodes occurred in the immediate peri-
operative period. Additionally, there was no correlation
between the rate of complication and the severity of
OSA. Of the five patients with airway complications, three
required reintubation. One patient suffered bronchospasm
immediately postextubation, one patient was thought to
have been prematurely extubated in the operating room
and experienced subsequent respiratory arrest, and one
patient was reported to have respiratory distress in the
recovery room of unknown etiology. Respiratory compli-
cations developed in two of the five patients after admis-
sion to the ward; however, neither required reintubation.
The authors concluded that intensive care unit (ICU) care
postoperatively was not required for most patients under-
going UPPP, and that the rate of complication was
substantially higher in patients who had undergone
simultaneous otolaryngologic procedures in addition
to UPPP. Hathaway and Johnson19 examined the out-
comes of 110 patients scheduled for outpatient UPPP.
Twenty of the 110 patients required admission (18%);
however, no patient required transfer to an ICU. Although
three patients were admitted for postoperative oxygen
desaturation, this did not correlate with severity of AHI.
Additionally, the majority of admissions were for control
of pain and nausea. The authors emphasized that appro-
priate patient selection is essential in minimizing the risk
of perioperative complications in patients undergoing
UPPP, and in their study, any patient with severe cardio-
pulmonary comorbidities was eliminated as a candidate
for UPPP. Terris and colleagues20 found similar results
when they performed a retrospective analysis of 109
patients with OSA who were scheduled for 125 upper air-
way procedures. The rate of airway complications was
0.8% (1 of 109), and the one patient who experienced air-
way obstruction did so in the immediate postoperative
period. Again, the authors concluded that ICU monitoring
for all patients undergoing UPPP was unnecessary, and
that the decision for discharge to the floor or home could
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be made based on the patient’s status in the recovery
room within 2 hours of the surgical procedure. In another
retrospective analysis of OSA patients undergoing airway
procedures, Spiegel and Tejas20a found that if airway
complications were to occur, they could be identified
within 2 to 3 hours postoperatively, and also concluded
that same-day discharge was an option for some patients.
Although it appears that selected patients with OSA can
be safely discharged to home after UPPP, it seems pru-
dent that this be done in a facility with provisions for
transfer to an overnight ward for observation.

Literature examining nonotorhinolaryngologic sur-
geries in patients with OSA is scant. However, studies
that retrospectively analyze outcome of inpatient surgical
procedures have suggested that OSA is an independent
risk factor for adverse outcome. Gupta and colleagues21

studied 110 patients with OSA diagnosed either before
or after total hip or knee replacement, and matched the
population with controls. OSA was associated with an
increased incidence of “serious” adverse perioperative
events requiring transfer to an ICU.21 Although severity
of OSA or AHI was not related to the incidence of compli-
cations, OSA patients who were compliant with continu-
ous positive airway pressure (CPAP) preoperatively
were noted to have a decreased incidence of complica-
tions when compared with patients with OSA who did
not use CPAP.

Sabers and colleagues22 at the Mayo Clinic in Roche-
ster, Minnesota, designed a retrospective study to deter-
mine whether the preoperative diagnosis of OSA was an
independent risk factor for perioperative complications
after outpatient surgery. Two hundred thirty-four patients
who had been previously diagnosed with OSA by poly-
somnography were scheduled for ambulatory surgical
procedures and were matched with controls. All types of
surgery were included with the exception of otorhinolar-
yngologic procedures. The primary outcome measured
was unplanned hospital admission or readmission; how-
ever, recorded data included episodes of bronchospasm,
airway obstruction, and reintubation during the recovery
period. Previously diagnosed OSA was not found to be
an independent risk factor for unplanned admissions or
for other adverse perioperative events.

The authors have examined the prevalence of OSA
and propensity to OSA in our own outpatient surgical
population at Johns Hopkins Hospital. A previously vali-
dated prediction model was used to determine the pretest
probability for OSA in 3557 consecutive adult patient
undergoing ambulatory surgical procedures of all types
except ophthalmologic.23 Propensity to OSA was deter-
mined by logistic regression analysis. Relevant periopera-
tive data such as anesthetic technique, difficulty with
endotracheal intubation, need for supplemental oxygen
and need for assisted ventilation, reintubation, unplanned
admission, and death were recorded; 2.6% of the patients
had a greater than 70% propensity for OSA but had not
yet been diagnosed. Of these high-risk patients, only
28.2% (31 of 110) of males and 21.6% (11 of 51) of female
patients had a previous self-reported diagnosis of possible
OSA. The results of the study suggested that OSA is rela-
tively common in an ambulatory surgical population and
that a majority of patients with a propensity for OSA
who undergo ambulatory surgery remain undiagnosed.
There was a positive correlation of patients with a higher
propensity to OSA (versus non-OSA) and increased diffi-
culty of intubation, administration of intraoperative ephed-
rine, metoprolol, and labetolol, and need for prolonged
supplemental oxygen. However, we found no relationship
between unplanned admission or readmission, life-threaten-
ing events such as reintubation, cardiac arrhythmia, or death
in patients with either a diagnosis or higher propensity for
OSA. Therefore our data suggest that patients with OSA
may require additional perioperative interventions; how-
ever, they can be treated safely in an ambulatory care
center.24

Acknowledging the weakness of the data available to
guide the perioperative management of patients with
uncomplicated OSA, it appears that these patients can be
safely managed as outpatients. However, those patients
with comorbid illnesses may need to be managed differ-
ently. Moreover, as the complexity and invasiveness of
ambulatory surgical procedures increase with advances
in technique and technology, the appropriateness of care
of patients with OSA in an ambulatory surgical center
may need further exploration.
CONTROVERSIES

The greatest controversy in the management of surgical
patients with known or suspected sleep apnea involves
the postoperative disposition of the patient. Although
there are current recommendations for prolonged postop-
erative monitoring, there are no data to show what type of
monitoring, or duration, is necessary to decrease risk.
GUIDELINES

The American Society of Anesthesiologists task force
approved practice parameters for the perioperative man-
agement of patients with obstructive sleep apnea in Octo-
ber 2005.25 The systematically developed guidelines were
intended as recommendations aimed at reducing adverse
outcomes, and although based on review of current litera-
ture, have not been validated and are not intended to
replace the judgment of the practitioner. The recommen-
dations are consensus based.

The ASA practice parameters include a scoring system
based on the documented severity of the patient’s sleep
apnea and the invasiveness of the surgical procedure,
combined with the perioperative opioid requirements.

The task force recognized that the majority of patients
with OSA may not carry a formal diagnosis, and therefore
provided recommendations for the preoperative identifi-
cation of patients who may be at risk of OSA. Determina-
tion of risk for OSA is ascertained by assessment of
predisposing physical characteristics, history of apparent
airway obstruction during sleep, and presence of daytime
somnolence. If the patient is found to have signs and
symptoms from two or more of these categories, the
guidelines state that the patient should be treated as
though he or she has moderate sleep apnea. If any of the
signs and symptoms are extraordinarily severe, the
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patient should be treated as though he or she has severe
OSA. Although the literature was insufficient to construct
guidelines for recommended criteria for discharge to
home for patients with OSA, the consensus opinion was
that outpatient procedures could be safely performed if
regional or local anesthesia was administered. The consul-
tants were equivocal regarding whether minor-risk proce-
dures could be safely performed under general anesthesia
in patients at risk for OSA in an ambulatory setting. Fur-
thermore, they stated that otorhinolaryngologic surgery
such as UPPP should not be performed in patients with
OSA on an ambulatory basis. Moreover, the consultants
acknowledge that the literature is insufficient to deter-
mine the efficacy of postoperative monitoring in reducing
perioperative risk in patients with OSA. The consultants
did agree that intermittent pulse oximetry was of little
use in reducing patient risk. Although the guidelines rec-
ommend monitoring a patient with OSA for 3 hours lon-
ger than their non-OSA counterparts before discharge
from a facility, they also indicate that monitoring of
patients with OSA should be continuous for a median of
7 hours after the last episode of obstruction of the airway
or documented hypoxemia while the patient is breathing
room air. Again, we want to emphasize that this is a con-
sensus of expert opinion based on a relative paucity of
published literature.
AUTHORS’ RECOMMENDATIONS

Ambulatory patients with known or suspected OSA should be
scheduled early in the day to allow for potential prolonged post-
operative observation. Additionally, those who have been pre-
scribed CPAP should be instructed to bring the device with
them to the facility on the day of surgery for postoperative use.
Provisions should be made to deal with a potential difficult air-
way, and there should be a plan in place for transfer to a moni-
tored care environment if necessary. There is no validated
optimal anesthetic technique for patients with diagnosed or sus-
pected OSA. Local and regional anesthesia seem to be logical
choices because they may decrease the amount of postoperative
systemic narcotic required for adequate analgesia. Neuraxial
blockade with local anesthetic may also confer the advantage of
avoidance of further airway compromise; however, it must be
recognized that a high block may exacerbate cardiopulmonary
dysfunction. Additionally, epidural narcotics have been impli-
cated in postoperative respiratory arrest.26,27

If general anesthesia is required, consideration should be
given to securing the airway with the patient awake and sponta-
neously ventilating. Obese patients should be placed in the semi-
upright position during induction, and consideration should be
given to aspiration prophylaxis. On tracheal extubation there
should be unequivocal confirmation of reversal of neuromuscular
blockade, and extubation should occur with the patient returned
to the semiupright position, breathing 100% oxygen, and fully
awake.

On arrival to the postanesthesia care unit, the patient with OSA
requires constant surveillance for airway obstruction, hypoxemia,
dysrhythmias, and hypertension. During the immediate postopera-
tive period, the patient is particularly at risk for the residual effects
of anesthetics in the absence of a secured airway. Supplemental
oxygen therapy should be continued and weaned cautiously. How-
ever, because respiratory status is frequently based on pulse oxim-
etry readings, the patient may suffer from hypercarbia due to
unrecognized hypoventilation. Hypercarbia should be suspected
if the patient exhibits persistent hypertension or dysrhythmia, and
arterial blood gas analysis should be considered.

In addition to narcotics, other sedating drugs such as benzo-
diazepines, antihistamines, and phenothiazines should be admi-
nistered only if required, and then only judiciously to the
patient with OSA. Before discharge, the authors recommend
administration of the patient’s first dose of prescribed narcotic
analgesic while the patient is still in the recovery room, followed
by a period of observation for hypersomnolence and airway com-
promise, which might necessitate overnight observation. Addi-
tionally, the patient should be counseled about the potentiated
respiratory depressant effects of alcohol consumption or other
over-the-counter sedating medications in conjunction with nar-
cotic analgesics.28
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for Discharge after Outpatient
Surgery?
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INTRODUCTION

The concept of ambulatory procedure with admission,
operation, and discharge on the same day has evolved
considerably over the last two decades. The number of
ambulatory surgical procedures has grown tremendously
throughout the world. The rapid growth of ambulatory
surgical care worldwide is attributed to its multiple
advantages, such as early return to preoperative physio-
logic state, fewer complications, reduced physical and
mental disturbance, early resumption of normal activities,
and reduced hospital costs. The major advance in anes-
thetic techniques includes the use of rapidly dissipated
anesthetic agents and the increasing use of regional anes-
thetic techniques. It is expected that the number, diversity,
and complexity of operations performed in the outpatient
setting will continue to increase.

Time to discharge from an ambulatory surgical unit is
considered to be a measure of the efficiency of the unit.
Counterbalancing efficiency, patient safety is also an
important issue in terms of a good practice. Hence, for a
successful ambulatory surgical unit, emphasis is not only
on patient selection but also on scientifically sound and
safe discharge criteria. This chapter outlines the current
literature available on discharge criteria and reviews the
factors affecting the discharge.

EVIDENCE

The knowledge regarding the process of recovery and the
concept of fast-tracking are essential in understanding the
application of the appropriate discharge criteria that are
presently available. Recovery is an ongoing process that
begins from the end of intraoperative care until the patient
returns to his or her preoperative physiologic state. This
process is divided into three distinct phases: early, inter-
mediate, and late recovery. Early recovery (phase 1) is
from the discontinuation of anesthetic agents to the recov-
ery of the protective reflexes and motor function. At most
institutions, the phase 1 recovery occurs in the post-
anesthesia care unit (PACU).

Intermediate recovery (phase 2) occurs when the
patient achieves criteria for discharge from the PACU
and occurs mostly in the step-down or ambulatory
surgical unit (ASU). Late recovery (phase 3) continues at
home under the supervision of a responsible adult and
continues until the patient returns to his or her preopera-
tive physiologic state.1

Traditionally, most patients are transferred from the
operating room to the PACU and then to the ASU before
they are discharged home. However, the recovery care
after ambulatory surgery is now in a state of change with
advances in surgical and anesthetic techniques. This has
facilitated an early recovery process. It is now possible
to have patients who are awake, alert, and comfortable
in the operating room to bypass the labor-intensive PACU
directly into the step 2 recovery area. This new concept is
referred as fast-tracking in ambulatory surgery.2

DISCHARGE CRITERIA

The many discharge criteria commonly employed are
identified in Table 46-1. There are discharge criteria for
the PACU, the ASU, and fast-tracking.

Discharge Criteria for the PACU

The Aldrete score has been successful in addressing the
early phase 1 recovery. This score, created in 1970, is a
modification of the Apgar score used in neonates.3 This
score assesses five parameters: respiration, circulation,
consciousness, color, and level of activity. Each parameter
is scored 0, 1, or 2, and patients scoring 9 or greater are eli-
gible to be transferred from the high-dependency PACU
to the ASU. However, with the advent of pulse oximetry,
the Aldrete score was modified in 1995 to include this
technologic improvement4 (Table 46-2).

Although the Aldrete score is an effective screening tool,
it has a few limitations.5 It does not provide an assessment
for home-readiness, and it does not address some of the
common side effects seen in the PACU, such as pain, nau-
sea and vomiting, and bleeding at the incision site.

Discharge Criteria for the ASU

Discharge criteria applied in the ASU are designed to
assess home-readiness of patients, and hence strict adher-
ence to the criteria to ensure patient safety is important.
There are a number of available criteria, but the most
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Table 46-1 Common Discharge Criteria

Discharge Scoring Criteria

DISCHARGE CRITERIA APPLIED AT DIFFERENT
PHASES OF RECOVERY

Discharge criteria at PACU (phase 1 recovery)
Aldrete score

Discharge criteria at ASU (phase 2 recovery)
Postanesthesia discharge score (PADS)
Outcome-based discharge criteria

Discharge criteria for fast-tracking
White fast-tracking score

DISCHARGE CRITERIA USED FOR RESEARCH
PURPOSES

Psychomotor test of recovery (phase 3 recovery)

DISCHARGE CRITERIA USED UNDER SPECIFIC
CIRCUMSTANCES

Discharge home criteria after neuraxial blockade
Discharge home criteria after peripheral nerve block
Discharge home criteria for suspected MH

Table 46-2 The Modified Aldrete Scoring
System*

Discharge Criteria from PACU Score

Activity Able to move voluntarily or on
command

Four extremity
Two extremity
Zero extremity

2
1
0

Respiration
Able to breathe and cough freely 2
Dyspnea, shallow or limited

breathing 1
Apneic 0

Circulation
Blood pressure 20 mm of

preanesthetic level 2
Blood pressure 20 to 50 mm of

preanesthesia level 1
Blood pressure - 50 mm of

preanesthesia level 0
Consciousness

Fully awake 2
Arousable on calling 1
Not responding 0

O2 saturation
O2 saturation able to maintain

O2 saturation >92% on room air 2
Needs O2 inhalation to maintain

O2 saturation >90% 1
O2 saturation <90% even with

O2 supplementation room 0

*To determine readiness for discharge from postanesthesia care unit. A score
>9 is required for discharge. Aldrete JA: J Clin Anesth 1995;7:89-91.
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common criteria that are applied at the ASU are the safe
discharge criteria proposed by Korttila6 and the post-
anesthesia discharge score (PADS) devised by Chung
and colleagues.7

The safe discharge criteria use outcome-based clinical
observations and all parameters have to be met before dis-
charge. It is important to note that clinical observations
such as the need to drink and void before discharge,
which were initial prerequisites in “safe discharge cri-
teria,” are no longer applicable. Current outcome-based
discharge criteria are listed in Table 46-3.1

Chung and colleagues7 devised the PADS in 1993. The
PADS was later modified to eliminate the requirements
for oral fluid intake and urinary output before discharge.8

It has been demonstrated that the implementation of
PADS as a criterion for discharge from the ASU facilitates
expeditious discharge, with 80% of patients able to be
discharged within 1 to 2 hours.9 PADS is a cumulative
index that measures the home-readiness of patients
based on five major criteria: (1) vital signs, (2) ambulation,
(3) pain, (4) postoperative nausea and vomiting, and
(5) surgical bleeding.1 The pain criteria have been further
refined to score pain with a visual analog scale ranging
from 1 to 10 (Table 46-4). Patients who achieve a score
of 9 or greater are considered fit for discharge with an
adult escort. PADS also provides for an objective determi-
nation of the optimal length of patient stay following
ambulatory surgery (see Table 46-4).

Discharge Criteria for Fast-tracking

The success of fast-tracking depends on the appropri-
ate modification of anesthetic technique, which would
allow rapid emergence from anesthesia and the preven-
tion of common postoperative complications such as
pain, nausea, and vomiting using a multimodal approach.
White and Song2 devised a fast-tracking score, which
incorporated assessment of pain and emetic symptoms,
to the original Aldrete score. The maximum possible score
is 14. A score of 12 (with no score less than 1 in any cate-
gory) is considered sufficient for discharge from the
operating room to the ASU (Table 46-5).

Studies have shown that outpatients who are fast-
tracked can be discharged earlier without any increase in
Table 46-3 “Safe Discharge” Criteria*

Patient alert and oriented to time, place, and person
l Stable vital signs
l Pain controlled by oral analgesics
l Nausea and emesis controlled
l Able to walk without dizziness
l No unexpected bleeding from the operating sites
l Discharge instruction and prescription received
l Patient accepts readiness for discharge
l Responsible escort

*A set of typical discharge criteria to determine readiness for discharge
from postanesthesia care unit. All parameters of safe discharge criteria
need to be met before discharge. Awad IT, Chung F: Factors affecting
recovery and discharge following ambulatory surgery. Can J Anaesth
2006;53:858-872.

Rights were not granted to include this content in
electronic media. Please refer to the printed book.



Table 46-4 Postanesthetic Discharge Scoring
System (PADS)

VITAL SIGNS

Within 20% of preoperative baseline 2
20%-40% of preoperative baseline 1
40% of preoperative baseline 0

ACTIVITY LEVEL

Steady gait, no dizziness, consistent with preoperative level 2
Requires assistance 1
Unable to ambulate/assess 0

NAUSEA AND VOMITING

Minimal: mild, no treatment required 2
Moderate: treatment effective 1
Severe: treatment not effective 0

PAIN

VAS ¼ 0-3: the patient has minimal or no pain before
discharge 2

VAS ¼ 4-6: the patient has moderate pain 1
VAS ¼ 7-10: the patient has severe pain 0

SURGICAL BLEEDING

Minimal: does not require dressing change 2
Moderate: required up to two dressing changes with no

further bleeding 1
Severe: required three or more dressing changes and

continues to bleed 0

VAS, visual analog scale; maximum score ¼ 10: patients scoring >9 are fit for
discharge. Awad IT, Chung F: Factors affecting recovery and discharge
following ambulatory surgery. Can J Anaesth 2006;53:858-872.

Table 46-5 White Fast-tracking Score

Discharge Criteria Score

LEVEL OF CONSCIOUSNESS

Awake and oriented 2
Arousable with minimal stimulation 1
Responsive to tactile stimulation 0

PHYSICAL ACTIVITY

Able to move all extremities on command 2
Some weakness in movement of extremities 1
Unable to voluntarily move extremities 0

HEMODYNAMIC STABILITY

Blood pressure <15% of baseline MAP value 2
Blood pressure 15%-30% of baseline MAP value 1
Blood pressure >30% below the baseline MAP value 0

RESPIRATORY STABILITY

Able to breathe deeply 2
Tachypnea with good cough 1
Dyspneic with good cough 0

OXYGEN SATURATION STATUS

Maintains value >90% on room air 2
Requires supplemental oxygen 1
Saturation <90% with supplemental oxygen 0

POSTOPERATIVE PAIN ASSESSMENT

None, or mild discomfort 2
Moderate to severe pain controlled with IV analgesics 1
Persistent severe pain 0

POSTOPERATIVE EMETIC SYMPTOMS

None, or mild nausea with no active vomiting 2
Transient vomiting 1
Persistent moderate to severe nausea and vomiting 0
Total possible score 14

Scoring system to determine whether outpatients can be transferred directly
from the operating room to the step-down unit. A minimum score of 12
(with no score <1 in any individual category) would be required for
patients to be fast-tracked after general anesthesia. White et al: Anesth
Analg 1999;88:1069-1072.

Rights were not granted to include this content in
electronic media. Please refer to the printed book.

Rights were not granted to include this content in
electronic media. Please refer to the printed book.
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complications or side effects.10-12 Apfelbaum and col-
leagues12 undertook a multicenter prospective study to
determine the safe bypass of PACU of patients after
ambulatory surgery. After education of the health person-
nel, the PACU bypass rate of patients having general
anesthesia increased from baseline 15.9% to 58%. These
patients had a significantly shorter duration of recovery
when comparedwith patientswho had a standard recovery
at the PACU.

However, the advantages of a faster recovery and sav-
ing time may not reflect the true nursing workload and
real cost savings. A recent randomized control trial com-
pared fast-tracking of bypassing PACU with no bypassing
of PACU.13 In this study, patients were randomly
assigned to either a routine or a fast-tracking group.
Patients in the fast-tracking group were transferred from
the operating room directly to the ASU (i.e., bypassing
the PACU) if they achieved the fast-tracking criteria. All
other patients were transferred to the PACU and then to
the ASU. The mean time to discharge was 17 minutes
less in the fast-tracking group, but the overall nursing
workload and the associated cost were not significantly
different between the two groups.13

A number of psychomotor tests are available14-21

(Table 46-6) to determine recovery of patients; however,
the tests have a number of disadvantages. They require
equipment and trained personnel to use and interpret the
equipment. The tests are time consuming, and usually only
assess one area of brain function. Therefore they are mostly
used for research purposes rather than for clinical use.

Evaluation of the Scores

Various scores have been devised to guide the process of
discharge and home-readiness to ensure patient safety,
but none have been formally evaluated. An ideal dis-
charge score should be practical, simple, and easy to
remember and should be applicable to all postanesthesia
settings.22 Use of common physical signs with scores
assigned to each parameter makes the assessment more
objective. The presently available discharge criteria in lit-
erature have been successful to a very large extent, but
have some limitations. The Aldrete scoring system and
the PADS are widely used.



Table 46-6 Common Psychomotor Tests*

Simple reaction
time14

Choice reaction
time14

Critical flicker
fusion time15

Digital symbol sub-
stitution test16

Perceptive accuracy
test17

Digital span
California verbal

test18

Treiger dot test
(gestalt test)19

Driving simulation
test20

Maddox wing test21

Time to press a keyboard in response to a
stimulus (e.g., buzzer)

Involves choice of optical stimulus (e.g.,
green/red)

Involves the time it takes for the patient to
notice a flickering light at a particular
frequency that appears and becomes
continuous

The ability to recall strings of numbers
Ability to remember a list of words from a
previously presented list

Ability to connect a series of dots on
paper to form a pattern; the more dots
the patient misses, the lower the recov-
ery score

A device to test extraocular muscle
balance

*Used as discharge criteria for research purposes.

Table 46-7 Risk Factors for Postoperative
Urinary Retention

LOW RISK FOR URINARY RETENTION

Low-risk patients can be defined as having the following
characteristics:
l General anesthesia, peripheral nerve block, monitored
anesthesia care

l Nonpelvic and nonurologic surgery
l Most outpatient gynecologic surgeries (transvaginal, or pelvic
laparoscopy who undergo intraoperative bladder drainage)

l Most patients having spinal or epidural anesthesia with
short-acting local anesthetic such as lidocaine, procaine, or
2-chloroprocaine

HIGH RISK FOR URINARY RETENTION

High risk of urinary retention can be defined as having
l Pelvic surgery (hernia, rectal, penile, urologic)
l Positive family history of retention or spinal cord disease
l Spinal or epidural anesthesia with agents of long-acting
duration such as bupivacaine, tetracaine, and ropivicaine

l The use of neuraxial opioids combined with local anesthetics

Souter KJ, Pavlin DJ: Bladder function after ambulatory surgery. Journal of

Ambulatory Surgery 2005;12:89-97.
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Shift from the Traditional Discharge Criteria

Traditionally, clinical parameters such as oral intake and
urinary output were considered a prerequisite for dis-
charge criteria from the ASU. However, this practice is
increasingly being questioned.

Urinary retention is defined by the inability to void at a
bladder volume of 600 mL, a volume at which there is a
strong desire to void.23 The risk for postoperative urinary
retention can be classified as high and low risk.24 The
identified risk factors for postoperative urinary retention
are presented in Table 46-7.

The incidence of urinary retention is 1% in low-risk
ambulatory surgical procedures and ranges from 3% to
20% in high-risk patients.24 Prolonged urinary retention
can cause bladder atony and may also cause impaired
voiding after return of function.24 Prolonged urinary
retention can also cause delay in discharge in 5% to 11%
of ambulatory care patients.25 Mulroy and colleagues26

undertook a prospective study to determine the risk of
developing postoperative urinary retention in the low-risk
group. In this study standard patients were required to
void before discharge. Accelerated-pathway patients were
discharged home if the bladder volume was less than
400 mL as evidenced by ultrasound. Patients who had
bladder volume greater than 400 mL were reassessed after
1 hour and catheterized if they did not void. All patients
were advised to return to the emergency department if
they were not able to void after 8 hours. Mean discharge
time in patients with the accelerated pathway was 22 min-
utes shorter than the standard pathway. No patients
reported urinary retention after they were discharged
home.26
In summary, low-risk patients can be discharged home
without voiding. They should be instructed to return to
the hospital if they are unable to void within 6 to 8 hours.
Patients at high risk of urinary retention should be
required to void before discharge and display a residual
volume of less than 400 mL. If the bladder volume is
greater than 500 to 600 mL, catheterization should be per-
formed before discharge. It is important to note that the
use of ultrasound in detecting bladder volume is better
than clinical judgment.27

Patients are no longer required to drink fluids before
discharge. The studies that questioned mandatory oral
fluids before discharge were Schreiner and colleagues28

and Kearney and colleagues29 in the pediatric population
and Jin and colleagues30 in the adult population. Schreiner
assigned children undergoing ambulatory surgery into
either mandatory drinker or elective drinker.28 Children
in the mandatory drinker group experienced a higher inci-
dence of vomiting and prolonged hospital stay. Kearney
evaluated the incidence of vomiting in 317 children
undergoing day surgery.29 Children were randomized
into two groups: either drinking oral fluids or having oral
fluids withheld for 4 to 6 hours. Vomiting was assessed in
the hospital and throughout the first postoperative day.
The incidence of vomiting in the group with fluids with-
held was significantly less than that of the group that
drank (38% versus 56%, p <0.004). The greatest effect of
withholding fluids was seen in patients receiving opioids
(p <0.004), where vomiting was reduced from 76% to 36%.

To answer the question of whether adult outpatients
should drink before discharge after minor surgical proce-
dures, 726 patients were randomized to either drinking
oral fluids or not drinking after surgery.30 Neither drink-
ing nor nondrinking worsened postoperative nausea or
vomiting or prolonged hospital stay. Therefore drinking
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oral fluids is not a requirement before discharge. These
changes have been incorporated in the American Society
of Anesthesiologists’ practice guidelines for postanesthetic
care. Mandating oral fluid intake before discharge should
be done only for selected patients on a case-by-case basis.

Discharge Criteria after Regional Anesthesia

The role of regional anesthesia in ambulatory surgery is
very promising and has demonstrated benefits of better
pain control, lower incidence of nausea and vomiting,31

and potentially faster discharge and reduction in the inci-
dence of chronic pain syndrome.32

Spinal anesthesia is a simple and reliable technique,
widely used in ambulatory surgical care. There has been
ongoing effort to refine anesthetic technique to tailor faster
recovery with minimal side effects. Two specific low-dose
techniques, unilateral33,34 and selective spinal anesthesia,35

have been described, although there is an overlap between
the two. With adequate doses of local anesthetic agents, the
time to home-readiness after unilateral spinal anesthesia,36

or selective spinal anesthesia37-40 with bupivacaine, or
low-dose spinal anesthetic with lidocaine and fentanyl,41

or sufentanil,42 has been equal to that for general anesthesia
maintained with propofol or desflurane.40,41

Lidocaine was previously the agent used for short-
acting spinal anesthesia until it was reported to cause
transient neurologic symptoms.43-45 These neurologic pro-
blems have made anesthesiologists seek alternative suitable
local aesthetic agents. The incidence of transient neuro-
logic symptoms has been highest after lidocaine spinal
anesthesia (37%) and in patients undergoing knee arthros-
copy (22%) or surgery in the lithotomy position (0% to
3%),46 whereas after bupivacaine or ropivacine it has
been as low as 0% to 3%.38,39,47,48 Recently the use of 2-
chloroprocaine as an alternative to lidocaine in ambulatory
anesthesia has been revisited.49 In this study, volunteers
received either 40 mg of 2% lidocaine or 40 mg of 3%
2-chloroprocaine intrathecally. The quality of surgical anes-
thesia and motor block was similar in the two groups. No
patient developed transient neurologic symptoms in the
2-chloroprocaine groups. Patients in this group also experi-
enced faster resolution of sensory block, and achieved
discharge criteria earlier. In another study, 40 mg of 3%
2-chloroprocaine produced similar motor block compared
with bupivicaine 7.5 mg. Low-dose 2-chloroprocaine may
be the local anesthetic for short-acting bilateral procedures
in the future, but its safety has not been proven.50

The main factor restricting the popularity of spinal
anesthesia is postdural puncture headache (PDPH). The
incidence of PDPH is less than 1% with the use of a stan-
dard 25 G Whitacre spinal needle.51 This complication is
reduced to a large extent by choosing an appropriate nee-
dle, decreasing to 0.4% with a 27 G Whitacare needle ver-
sus 1.5% with a 27 G Quinke needle (1.5%).52

There are limited reports in the literature on epidural
anesthesia for ambulatory care, as it is generally regarded
as a time-consuming technique when compared with
other techniques. Milroy and colleagues26 showed a faster
discharge after epidural with either lidocaine or 2-chloro-
procaine versus spinal lidocaine or low-dose bupivicaine.
Other studies have used epidural successfully for
hemorrhoidectomy and lower abdominal surgery,53,54

with observation time in hospital ranging from 5 to 6
hours, respectively. However, there is an isolated case
report of epidural hematoma in a patient receiving non-
steroidal antiinflammatory drugs (NSAIDs) after dis-
charge from an ambulatory arthroscopy after epidural
anesthesia.55

Patients undergoing regional anesthesia should expect
the same discharge criteria and standard postoperative care
as those who have undergone general anesthesia. It is
important to ensure that motor, sensory, and sympathetic
blocks have regressed; suitable criteria to judge block
regression include normal perianal (S4–S5) sensation, plan-
tar flexion of the foot, and proprioception in the big toe.56

Discharge after Single Shot Peripheral Block

For peripheral nerve block, it is safe to discharge patients
home before full regression of motor and sensory block.
Although the risk of accidental injury is very low,57

patients should be given written instructions advising
them (1) to avoid driving while the leg is insensate, (2)
to avoid placing hot pads on the numb limb, (3) to keep
the limb elevated as much as possible in the first 24 hours
to avoid swelling, (4) to use walkers or crutches when the
leg is numb, and (5) to take analgesic medication as soon
as the numbness starts to subside and is replaced by a tin-
gling sensation.1,58

Discharge after Continuous Peripheral Block

The ability to provide continuous peripheral nerve block
to patients safely on an outpatient basis has been a major
advance in ambulatory surgery over the past several
years. There are more studies showing the efficacy and
safety of ambulatory continuous interscalene blocks,59,60

infraclavicular blocks,61 axillary block,62 sciatic nerve
blocks,63-65 femoral nerve block,66 psoas compartment
blocks,67 and paravertebral block.68 However, these tech-
niques have the potential for significant complications
such as nerve injury, catheter migration leading to local
anesthetic toxicity, and unintentional spread of blockade
epidurally or intrathecally.69-71 Discharge in patients with
regional anesthesia should include clear instructions
with a written copy regarding cautions and limitation of
continuous regional blocks.72 Telephone communication
must be available to the patient at all times. The instruc-
tions should also vary depending on the site of catheter
placement. Patients with an upper-extremity catheter
should be instructed to protect their arm in a sling. Patients
with a lower-extremity catheter must be instructed to have
aid for ambulation and to avoid weight bearing on the sur-
gical extremity. These precautions, along with standard
discharge criteria, are an essential part of good practice.

Discharge for Patients with Suspected
Malignant Hyperthermia

Malignant hyperthermia (MH) is a rare condition and does
not lend itself to large prospective studies. Knowledge of this
condition and its management in the ambulatory setting is
largely derived from case reports, audits, and retrospective
cases and hence the level of evidence is poor. Traditionally,
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overnight hospitalization of the patient with suspected or
confirmed MH was a common practice. To determine
whether hospitalization for MH-susceptible (MHS) patients
is required, the charts of 303 children labeled MHS who
underwent surgery with trigger-free anesthesia on 431 occa-
sions were reviewed.73 Ten cases developed fever, but
none were considered to be MH. The authors recommend
that MHS is not an indication for postoperative hospital
admission. These findings are again confirmed in a large
prospective audit investigating possible adverse reactions
in patients suspected of MH.74 The incidence of MH after
a trigger-free anesthetic has been estimated to be less
than 1%.75,76 In a large population ofMHSpatients, the charts
of 2124 who underwent elective muscle biopsy for MH
were reviewed.75 Five patients (0.46%) had MH-like reac-
tions, and all the reactions were seen in the immediate recov-
ery room; four of these patients received intravenous
dantrolene as a part of therapy. Current available literature
suggests that overnight hospitalizations may not be required
as long as a trigger-free anesthetic is provided and body
temperature is monitored and remains normal for at least
4 hours postoperatively. These are recommendations in
keeping with the guidelines of the Malignant Hyperthermia
Association of the United States. It is important to give
written instructions regarding how to monitor temperature
of the patient at home and how to recognize signs of malig-
nant hyperthermia with contact details to seek medical
attention if necessary before discharge of patients.

Reliable Escort

Meeting a set of standard discharge criteria before dis-
charge is not the end of quality ambulatory surgical care.
The presence of an escort, clear verbal instructions, and
written postoperative instructions are crucial for safety
of patients before discharge. A recent study reported that
0.2% of ambulatory surgical patients did not have an
escort.77 Another survey indicated that 11% of anesthe-
siologists would be willing to anesthetize patients for
ambulatory surgery without the availability of an escort
to take patients home.78 This is in contrast to the guide-
lines issued by professional associations such as the
American Society of Anesthesiologists (ASA), Canadian
Anesthesiologists Society (CAS), Association of Anaesthe-
tists of Great Britain and Ireland (AAGBI), and Australian
Day Surgery Council.79-82 The major concern with an
absence of an escort is that the patient may drive, operate
machinery, or become involved in unsafe activities that
are not intended. These may lead to serious consequences
such as car accidents and may have medicolegal implica-
tions for the anesthesiolgist. A number of factors can
impair performance of patients83-87 (Table 46-8).
Table 46-8 Common Factors Impairing Driving

l Lack of sleep
l Stress of surgery
l Residual effects of anesthetic87-90

l Type of surgery91

l Residual motor block after local or regional anesthesia
Chung and colleagues88 compared the driving perfor-
mance in a simulator in patients who had their surgery
performed under general anesthesia with healthy, non-
anesthetized controls. In this study, simulated driving in
patients was impaired both preoperatively and postopera-
tively. Performance was worst 2 hours postoperatively, a
crucial time, as many patients met discharge criteria
within 2 to 3 hours. Within 24 hours, driving simulation
performance had returned to normal. The results of this
trial support the current recommendations not to drive
for 24 hours after ambulatory surgery.88

In another study the brake response time for driving
returned to normal at 3 weeks in patients who under-
went total knee arthroplasty for osteoarthritis.89 These
studies denote that the degree of functional recovery
may vary depending on the type of anesthetic and the
type of surgery. In the context of the available literature,
if no escort is available before surgery, the elective pro-
cedure should be canceled or the patient should be
admitted overnight. If an escort is not available after anes-
thesia is given, elective hospital admission should be
arranged.

Most ambulatory surgical units verify the presence of
an escort, but it may be difficult to ensure the compliance
of postoperative instruction. Correa and colleagues90

reported that 4% of patient drove within 24 hours and
4% of patients were alone despite a clear postoperative
instruction.90 These results were confirmed by another
survey where 1.3% of patients spent the night alone and
4.1% drove home within 24 hours after ambulatory sur-
gery.91 Although it is impossible to ensure the compliance
of postoperative instructions, it is essential to educate
patients, and their caregivers, regarding the potential
hazards of not complying with the recommendation.
POSTANESTHESIA CARE

The safe transition of patients through the three phases of
recovery requires standard patient care in the PACU and
ASU. Postanesthesia care refers to those activities underta-
ken to manage patients following the completion of surgi-
cal procedures and the concomitant primary anesthetic.92

The American Society of Anesthesiologists Task Force
provides a practice guideline for standard postanesthesia
care.92 The guideline emphasizes the need for periodic
perioperative patient assessment and monitoring and
recommends treatment during emergence and recovery
in the PACU. Perioperative patient assessment includes
monitoring of respiratory and cardiovascular function,
neuromuscular function, mental status, temperature, pain,
nausea and vomiting, drainage and bleeding, and urine
output. Treatment recommendations during emergence
and recovery in the PACU include prophylaxis and
treatment of nausea and vomiting, administration of
supplemental oxygen, fluid administration and manage-
ment, normalizing patient temperature, and pharmaco-
logic agents for reduction of shivering and antagonism
of the effects of sedatives, analgesics, and neuromuscu-
lar blocks.

The guidelines do not recommend any specific discharge
criteria, but focus on the need to adopt discharge criteria
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that are suitable to the local ambulatory surgical setting.
The guidelines also suggest that a discharge scoring system
may be helpful in documentation of fitness for discharge.
AREAS OF UNCERTAINTIES

Anesthesiologists, to a large extent, have focused on patient
care to the point of the patient’s discharge. Unfortunately,
postdischarge symptoms such as nausea and vomiting are
aspects of ambulatory anesthesia that have been over-
looked. Relatively little research to date has examined these
unpleasant and distressing symptoms. The incidence of
postdischarge nausea and vomiting (PDNV) can be as high
as 30% to 50%.93,94 This high incidence of PDNV is clini-
cally important, especially when recognizing that 65% to
70% of surgeries are performed in the ambulatory surgical
setting. The treatment of this complication should extend
beyond discharge from the hospital because one third of
patients continue to have PDNV after returning home.
More research needs to be conducted in this area. The
scope for further study includes identification of specific
risk factors, antiemetic efficacy in postdischarge settings,
the effectiveness of a detailed education program for
patients, and the possible economic impact.

The presence of a reliable escort before the patient is dis-
charged is emphasized by most anesthesia professional
associations. However, the presence of a responsible care-
giver at home, who can cater to the needs of the discharged
patient in the postdischarge setting, is not clear. The func-
tional status of these discharged patients may be reduced
for up to 7 days, which is both unpleasant and disturbing.95

More studies are needed to address the functional status of
patients during the postdischarge period and the need for a
responsible adult during those times.
GUIDELINES

The major concern for patients without an escort is that
they may drive home after ambulatory surgery. Patients
may be noncompliant with postoperative instructions,
which can lead to potential hazards. The American Soci-
ety of Anesthesiologists’ guidelines do not comment on
the issue of driving. The minimum duration required for
patients to resume driving based on the type of surgery
is still an area of uncertainty, which emphasizes the need
for further focused research.
AUTHORS’ RECOMMENDATIONS

l The success of safe ambulatory surgical care depends on
appropriate patient selection and timely discharge.

l Discharge scoring systems such as the Aldrete score, the post-
anesthesia discharge score (PADS), and fast-tracking can facili-
tate safe transition through the three phases of recovery.

l Shifting from previous traditional discharge criteria by exclud-
ing mandatory drinking and voiding will enhance the speedy
discharge.

l Patients at low risk for urinary retention can be discharged
home without voiding, and should be instructed to return to the
hospital if they are unable to void within 6 to 8 hours. Patients
at a high risk of urinary retention should be required to void
before discharge and display a residual volume of less than
400 mL. If the bladder volume is more than 500 to 600 mL,
catheterization should be performed before discharge.

l Patients are no longer required to drink fluids before discharge.
l Regional anesthetic techniques are well suited for ambulatory
surgery, but discharging such patients requires specific consid-
erations and patient education, apart from the standard dis-
charge criteria.

l Inclusion of antiemetics in the postdischarge prescription, along
with analgesics and other required medication, may improve
the patient’s overall comfort in postdischarge settings.

l Discharge criteria and discharge scores assess home-readiness
but not street fitness as functional recovery may vary depend-
ing on the type of anesthetic and type of surgery.

l The presence of a reliable escort, clear written instructions, and
clear verbal instructions are crucial for patient safety before
discharge.

l If an escort is not available after anesthesia is given, elective
admission should be arranged.

l Patients should not drive or operate machinery for 24 hours
after ambulatory surgery.
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What Must I Consider to Safely
Anesthetize Someone in the
Office Setting?

Laurence M. Hausman, MD, and Meg A. Rosenblatt, MD
INTRODUCTION

Providing anesthetic care in a surgical office is often a sig-
nificant component of the responsibilities of an anesthesi-
ologist. It is estimated that 9.2 million cosmetic procedures
were performed in plastic surgical offices in 2004.1 This
number does not take into account office-based proce-
dures performed by dermatologists, dentists, general sur-
geons, gastroenterologists, otolaryngologists, and others.
Office-based procedures offer many advantages over the
traditional hospital or freestanding ambulatory surgery
center–based ones, including cost containment, patient
privacy, ease of scheduling, and decreased risk of nosoco-
mial infection.

The lay press often claims that office-based surgery is not
as safe as traditional hospital or ambulatory surgery center–
based surgery.2 However, contradictory data do exist.3-6 A
report by Hoefflin and colleagues4 found no complications
after 23,000 procedures that occurred in an office under
general anesthesia. Sullivan and Tattini7 retrospectively
reviewed the outcomes of an office performing over 5000
surgical procedures by five independent surgeons, and no
deaths occurred over the 5-year period. A retrospective
study of adverse outcomes in 3615 consecutive patients
undergoing 4778 procedures in offices between 1995 and
2000, employing monitored anesthesia care, reported no
deaths.8 Safety in the office-based setting is contingent on
a number of factors, all of which must be ensured before
embarking on an anesthetic.

COMPONENTS OF OFFICE SAFETY

Physical Considerations

The physical design of the office (i.e., ensuring adequate
space for all operating room functions, consideration for
anesthesia equipment, particularly the availability and
placement of oxygen lines and venting opportunities,
emergency egress for an anesthetized patient, etc.), periop-
erative monitoring capabilities, office staffing, governance,
policies and procedures (including emergency admission
planning, fire safety, and infection control), and accredita-
tion status are important components of office safety. Pres-
ently, there are several nationally recognized agencies that
can accredit an office-based surgical site. These agencies
include the Joint Commission, the American Association
for Accreditation of Ambulatory Surgery Facilities, and
the Accreditation Association for Ambulatory Health Care.
Most states that regulate office-based surgery and anesthe-
sia require that the office be accredited by one of these bod-
ies or that the office be Medicare certified under Title XVIII.
Additionally, the American Society of Plastic Surgeons
(ASPS) requires that all of its members operate exclusively
in an accredited office or forfeit their societal membership.
It must be noted though that accreditation is on a cycle, and
between site visits, it is imperative that practitioners be
constantly vigilant in maintaining a safe anesthetizing
location.9

Physician Qualifications

The qualifications of the surgeon/proceduralist, as well as
the anesthesia provider, must be considered. The physician
performing the office-based procedure should be certified
by one of the boards recognized by the American Board
of Medical Specialties or the American Osteopathic Associ-
ation. It is also recommended that the surgeon/procedural-
ist have privileges to perform the proposed procedure at a
local hospital. She or he should also have admitting privi-
leges in a nearby hospital for an unplanned emergency
admission.

For both the anesthesiologist and proceduralist, active
license, registration, and Drug Enforcement Administration
(DEA) certificate, as well as adequate malpractice coverage,
must be maintained and continued medical education
(CME) credit earned. Peer review/performance improve-
ment must occur. Anesthesiologists must be held to these
same high standards of certification and continuing educa-
tion and should participate in peer review/performance
improvement in each of their anesthetizing locations.

Patient and Procedure Selection

A determination of the procedures to be performed and
appropriateness of individual patients to undergo that pro-
cedure in this venue must be clearly defined. Patients with
significant comorbidities are not ideal candidates and
should be excluded from this type of surgical environment.
Specifically, only American Society of Anesthesiologists



Table 47-1 Risk Factors for the Development
of Deep Vein Thrombosis (DVT)

l Age greater than 40
l Antithrombin III deficiency
l Central nervous system disease
l Family history of DVT
l Heart failure
l History of a DVT
l Hypercoagulable states
l Lupus anticoagulant
l Malignancy
l Obesity
l Oral contraceptive use
l Polycythemia
l Previous miscarriage
l Radiation therapy for pelvic neoplasms
l Severe infection
l Trauma
l Venous insufficiency
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(ASA) physical status (PS) 1 and 2 patients should undergo
general anesthesia, although occasionally an ASA 3 patient
may be acceptable.10,11

The patient with the anticipated difficult airway raises
a potential problem for the office-based practice. One of
the earliest steps in the difficult airway algorithm
endorsed by the ASA is to call for help. In the office-based
setting, there will, likely, be no other experienced indivi-
duals present. It is therefore intuitive that patients with
anticipated difficult airways should be avoided in this
venue. It would, however, be difficult to design a rando-
mized prospective study to evaluate this issue.

All procedures cannot be safely performed in an office.
Procedures that create significant physiologic derange-
ments, including pain or large fluid shifts, are better suited
for a hospital or an ambulatory surgery center. When
deciding on the appropriateness of a particular procedure
consideration must be given to the patient’s comorbidities.
For example, an obese, asthmatic ASA PS 3 patient may
safely undergo a cataract extraction in an office, with local
anesthesia, whereas this patient may not be suitable for a
rhytidectomy under general anesthesia.
EVIDENCE

The ASA is a strong proponent of patient safety. Conse-
quently, it has become a leader in advocating that all
anesthetizing locations meet the same safety standards,
and has published recommendations specifically for the
office-based anesthesiologist.10 The ASPS has likewise
published guidelines for its members.11,12 However, the
field of office-based surgery and anesthesia is completely
unregulated in many states; it thus becomes the joint
responsibility of the individual surgeon/proceduralist
and anesthesia provider to ensure that patient safety is a
priority in each office and to follow all local, state, and
society-mandated regulations.

Because the field of office-based anesthesia is primarily
conducted outside of academic medical centers and the
reporting of adverse outcomes is often voluntary, scientific
data in the field of office-based anesthesia and surgery in
the literature are sparse.13 Therefore it is necessary to
extrapolate data regarding procedure and patient selection
from the specialty of ambulatory anesthesia and apply it to
the office-based setting. Much of the available literature
regarding office-based anesthesia comes from a retrospec-
tive analysis of the experience in Florida.14,15 Most of these
data look at perioperative deaths and what may have been
done to prevent these occurrences. Vila and colleagues16

determined that whereas adverse incidents occurred at a
rate of 5.3 per 100,000 procedures in ambulatory surgery
centers, it occurred at a rate of 66 per 100,000 in offices.
Similarly, the death rate per 100,000 procedures was 0.78
in ambulatory surgery centers and 9.2 in offices.16

One certainty in office-based anesthesia is a direct rela-
tionship between a patient’s preoperative health and the
potential to develop a perioperative deep vein thrombosis.
Pulmonary embolism has been shown to be a significant
cause of death following office-based surgical proce-
dures.14,15 Reinish and colleagues17 found that 0.39% (37
of 9493) of patients who underwent rhytidectomy devel-
oped a deep vein thrombosis (DVT). Of these, 40.5% (15
of 37) progressed to have a pulmonary embolism. Further,
it was noted that although general anesthesia had
accounted for only 43% of the anesthetic techniques used
for the rhytidectomy, 83.7% of the embolic events were
associated with the patient having undergone a general
anesthetic.17 Risk factors for the development of DVT
appear in Table 47-1.18

When unfavorable outcomes do occur, they are often
secondary to inadequate perioperative patient monitoring,
oversedation, and thromboembolitic events.19,20
GUIDELINES

The ASPS has published a practice advisory dealing with
procedure and patient selection for the office-based practi-
tioner.11,12 It should be noted that although there are few
data to support the exclusion of specific procedures or
specific patient populations from an office-based surgical
procedure, certain basic physiologic principles can be
applied to this venue.

Acute blood loss will limit oxygen carrying capacity and
may lead to hemodynamic instability. It is therefore recom-
mended that procedures with anticipated blood loss
exceeding 500 mL be done only in centers where blood pro-
ducts are readily available.12

Hypothermia is associated with marked physiologic
impairment, including platelet dysfunction, altered drug
metabolism, tissue hypoxia, and increased incidence of
postoperative infection. General anesthesia will routinely
cause some degree of hypothermia because of redistribu-
tion of body heat from the core to the periphery secondary
to vasodilation. Additionally, there is direct inhibition of
thermoregulation of the hypothalamus by most general
anesthetic agents.21 The ASPS recommends that active
patient warming devices such as forced-air warming
devices and fluid warmers be used. If these apparatuses
are not available, it is recommended that the procedures



Table 47-3 Safety “Checklist” for OBA
Providers

OFFICE

Accreditation status
Design and layout

Adequate space for procedure
Adequate space for recovery
Safe emergency egress for an anesthetized patient

Policies and procedures manual
Office governance
Infection control
Emergency preparedness
Narcotic storage and maintenance
Gas transport and storage

Perioperative monitoring capabilities and defibrillator
Maintenance and servicing

Oxygen, suction, positive pressure ventilation (anesthesia
machine)

“Crash cart”
Emergency/anesthetic drugs and supplies
Staffing

316 Section III PERIOPERATIVE MANAGEMENT
be less than 2 hours in duration and be limited to 20% of
body surface area.12

Large-volume liposuction (greater than 5 L of lipoas-
pirant) is associated with significant derangements of nor-
mal physiology.22 Although the data to exclude specific
volumes of aspirant from an office-based procedure are
not available, the ASPS limits total aspirant to 5000 mL
or less. It also cautions against performing large-volume
liposuction when combined with another procedure.23

There is debate among clinicians about the suitability
of a patient with obstructive sleep apnea syndrome
(OSAS) for an ambulatory-based procedure. Recently,
the ASA published “Practice Guidelines for the Periopera-
tive Management of Patients with Obstructive Sleep
Apnea.”24 The scientific data for the ASA recommenda-
tions regarding patient selection are considered insuffi-
cient (too few studies to investigate a relationship
between intervention and outcome). However, the consul-
tants had recommendations regarding patient and proce-
dure suitability for an ambulatory anesthetic. Most agree
that superficial surgery or minor orthopedic procedures
under local or regional anesthesia and lithotripsy are
acceptable ambulatory procedures. They also believe that
airway surgery such as uvulopalatopharyringoplasty, ton-
sillectomy in patients younger than 3 years, and upper
abdominal laparoscopy should not be performed on an
outpatient basis. They were equivocal in their opinions
about the suitability of superficial surgery under general
anesthesia, tonsillectomy in patients older than 3 years,
minor orthopedic procedures under general anesthesia,
and pelvic laparoscopy. These recommendations were
created for ambulatory procedures, and it is intuitive that
they, at a minimum, should be adhered to in an office
when considering the risks of treating patients with OSAS.

The ASPS recommends that patients be stratified
according to risk and the prophylactic treatment be
directed by risk (Table 47-2).
Table 47-2 Stratification of the Risk for the
Development of Thromboembolism

Cohort Treatment

Low risk l No risk factors
l Uncomplicated
surgery

l Short duration

l Comfortable position
l Knees flexed at 5 degrees
l Avoid constriction and
external pressure

Moderate
risk

l Age >40 with
no other risks

l Procedure
>30 min

l Oral contracep-
tive use

l Proper positioning
l Intermittent pneumatic
compression of calf or ankle
(before sedation and
continued until patient is
awake and moving)

l Frequent alterations of the
operating room table

High risk l Age >40 with
concomitant
risk factors

l Procedure
>30 min

l Treatment as per patients
with moderate risk

l Preoperative hematology
consultation with consider-
ation of perioperative
antithrombotic therapy
Duration of procedure has long been correlated with the
need for hospital admission. Originally, procedures lasting
more than 1 hour were found to be associated with a higher
incidence of unplanned hospital admission.25 More recent
data suggest that procedure duration alone is not predictive
of an unplanned admission. Rather, the patient’s preexisting
comorbidities and the procedure itself are more predic-
tive.26 It is also important to note that longer procedures
are often associated with postoperative nausea and vomit-
ing, postoperative pain, and bleeding.27,28 These conditions
may go on towarrant admission. For these reasons the ASPS
has recommended that procedures be limited to 6 hours and
be completed by 3 PM. Finishing the procedure by 3 PM will
allow a full patient recoverywithmaximumoffice staffing.12
PROCEDURALIST/SURGEON/ANESTHESIA PROVIDER

Active license and registration
Current DEA number
Malpractice
Evidence of proficiency/board certification
Admitting privileges
Current curriculum vitae
CME
Peer review/performance improvement
Admitting privileges
Basic life support/advanced cardiac life support/pediatric
advanced life support

PATIENT SELECTION

ASA PS status
Coexisting diseases
Difficult airway
DVT prophylaxis

PROCEDURE SELECTION

Duration
Risk of hypothermia
Risk of blood loss
Postoperative pain
Postoperative nausea and vomiting
Fluid shifts
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AREAS OF UNCERTAINTY

Because there are few scientific data to exclude any partic-
ular patient from undergoing an office-based anesthetic,
there are no hard and fast standards for patient selection.
However, the ASA does recommend that the anesthesia
provider specifically consider coexisting diseases, previ-
ous adverse reaction to anesthesia, current medications
and allergies, nothing-by-mouth status, potential difficult
airway, substance abuse, and the presence of an escort
when considering a patient for an office-based surgical
procedure.10
AUTHORS’ RECOMMENDATIONS

Before undertaking an office-based anesthetic, many considera-
tions must be discussed and agreed on by the anesthesiologist
and surgeon/proceduralist, remembering that many of the safe-
guards inherent in a hospital system will not be present. The
“checklist” provided in Table 47-3 should serve as template for
the delivery of safe office-based anesthesia.
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Should Propofol Be Given by
Nonanesthesia Providers?

McCallum R. Hoyt, MD, MBA, and Beverly K. Philip, MD
INTRODUCTION

Propofol is a sedative-hypnotic that was commercially
introduced into U.S. anesthetic practice in 1989.1 Released
under the trade name of Diprivan, it rapidly gained accep-
tance in the anesthesia community as an induction agent
because of its rapid onset of action and other favorable
pharmacokinetic properties. Because propofol undergoes
a two-phase distribution with the first phase lasting only
4 to 6 minutes, the sedative effects of a single bolus dissi-
pate rapidly.1 Thus it was soon recognized that the
“rapid-on, rapid-off” profile of propofol also made it an
ideal agent for sedation either as a continuous infusion
or in small boluses.2,3

OPTIONS

Even before its commercial release in the United States,
specialties outside anesthesiology began to report on the
use of propofol for procedures requiring sedation.4

Opioids and long-acting sedatives such as benzodiaze-
pines were the standard agents for procedures occurring
in the radiology and emergency departments, endoscopy
suites, and dental offices. But recovery from the pro-
longed effects of these medications was problematic, and
clinically significant side effects such as respiratory
depression limited the amounts administered. The rapid
redistribution properties of propofol and its minimal
effects on most patients’ hemodynamic parameters made
it appear to be a much safer alternative.

Patients emerge more quickly after propofol adminis-
tration and appear to be less sedated compared with other
barbiturate or benzodiazepine combinations, even though
complete elimination from the body can take hours or
even days.1 It also may produce amnesia and has a
dose-dependent mood-altering effect that can be euphoro-
genic.5 However, studies have shown that mood and psy-
chomotor function as determined by specific tests return
to baseline within an hour or less after the medication is
stopped in healthy volunteers,5,6 similar to other modern
general anesthetics.7 Propofol also has an antiemetic
effect1 that further supports its selection in the ambulatory
setting.

Unfortunately, the ideal anesthetic agent does not exist,
and propofol has its share of undesirable side effects. Most
notable is the dose-dependent respiratory depression that
can abruptly result in apnea or airway obstruction. This
effect ends quickly when administration is stopped,1 giving
a false sense of safety to those providing or directing the
sedation. Another commonly encountered effect is the
decrease in mean arterial pressure that is similar8,9 or
somewhat more pronounced6,10 when compared with
other sedative-hypnotics. Again, these observed effects
end quickly when dosing stops.

EVIDENCE

Investigators in three medical specialties and dentistry
have compared propofol with other traditional options
and currently recommend propofol as a safe addition to
everyday practice, supporting its administration by practi-
tioners who are not anesthesia professionals. In nearly
every instance, the studies concluded that propofol has lit-
tle postprocedural sedation, provides amnesia and comfort
to the patient, provides better procedural conditions, and
has a better safety profile than traditional medications.

Evaluation of the data on propofol use by nonanesthesia
providers is complex because a direct comparison among
the different specialties cannot be made. Procedural needs,
patient presentation, and defined endpoints are quite dif-
ferent for each specialty. Gastroenterology has developed
more invasive procedures, such as esophagogastroduode-
noscopy (EGD) and endoscopic retrograde cholangiopan-
creatography/endoscopic ultrasound (ERCP/EUS), in
addition to colonoscopy. The diagnostic and therapeutic
value of these three procedures has led to a substantial
increase in the numbers performed annually.11 All are car-
ried out with various levels of sedation and drugs, of
which the traditional methods have been to combine a ben-
zodiazepine with an opioid.12 Gastrointestinal endoscopies
vary in duration depending on the skill of the physician
and the complexity of the procedure but rarely last longer
than an hour. The specialty of radiology has supported
the development of pediatric sedation units (PSUs) primar-
ily for radiologic procedures. The sedation teams are led by
pediatric intensivists13 or emergency department physi-
cians.14 The cases can require hours of sedation.13,14

Patients are seen in a sedation unit, the sedation plan is
made, baseline vital signs are noted, and sedation is
initiated. The child is then transported to the required area
where the sedation is maintained under monitoring during
the procedure. After the procedure, the child is returned to



Table 48-1 Sedation Scales

Ramsay
Sedation
Scale20

ASA Continuum of
Depth of Sedation
(Responsiveness)19

Observer’s
Assessment of
Alertness/
Sedation
(OAA/S)21

6 No response General anesthesia 0 No response
to pain

5 Sluggish to
light
glabellar
tap/noise

Deep sedation/
analgesia

1 No response
to mild
prodding/
shaking

4 Response to
light
glabellar
tap/noise

Moderate sedation/
analgesia

2 Responds to
mild
prodding/
shaking

3 Responds to
loud noise
or repeated
name

3 Responds to
commands
only

4 Lethargic
response to
name
called

2 Cooperative,
oriented,
calm

Minimal sedation to
awake

5 Responds to
name, alert

1 Anxious,
agitated
Restless

Not defined 6* Anxious,
agitated
Restless

*The Modified Observer’s Assessment of Alertness/Sedation (MOAA/S)
includes level 6.22
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the sedation unit and allowed to recover. In one of the
described formats, specially trained pediatric sedation
nurses are described as a part of the team and may be the
individual who provides the monitoring and sedation to
the patient during transport and through the procedure.13

Propofol is one of several options used. In the specialty of
emergency medicine, physicians are often faced with the
need for sedation and analgesia to perform short, painful
procedures such as dislocation or closed fracture reduc-
tions.15 Patients rarely meet surgical fasting requirements.16

As with gastroenterology, the traditional methods have
been a benzodiazepine or an opioid (or both). Finally, den-
tistry has long been associated with painful procedures.
Although local infiltration or nerve blocks remain the tech-
niques of choice, patients may receive supplemental seda-
tion to accompany the procedure, especially at the time of
the nerve block or infiltration.17 Current studies report
sedation being maintained throughout the entire proce-
dure, albeit at a more responsive level.18

The American Society of Anesthesiologists (ASA)
House of Delegates approved a document in 1999 descri-
bing the continuum of depth of sedation.19 However, the
aforementioned specialties had already begun to report
on sedation with propofol against other traditional med-
ications, and in so doing, used the definitions for seda-
tion depth to which they were accustomed. This makes
comparisons between fields difficult (Table 48-1). Basic
monitors such as an electrocardiogram, pulse oximeter,
and automated blood pressure cuff are typically used
(except in dentistry), but supplemental oxygen and cap-
nography are not standard. Although the use of propofol
for sedation in the critical care unit is common, there is
often input from the available anesthesiology service
and the situation involves ventilated patients under a
heightened monitored situation and will not be consid-
ered in this chapter.

Gastroenterology

Only onemeta-analysis has beenpublished on the use of pro-
pofol by nonanesthesia professionals and it is in the endo-
scopic literature.23 It reported on 12 randomized controlled
trials (RCTs) in which propofol was compared with tradi-
tional sedation protocols. In two studies it was not reported
who administered the sedation, in two other studies an anes-
thesiologist did so, and in eight studies sedationwas nurse or
endoscopist administered.Although the number of studies is
small, this meta-analysis is of interest because only 84 of the
1161 patients were documented to have anesthesiologist care
involved. The complications reported were hypoxia with
oximetry saturations below 90%, hypotension with systolic
pressure less than 90 mm Hg, arrhythmias, apnea, and the
overall number of complications. As hypoxia and hypoten-
sion were the most consistently recorded complications,
these were further compared in a pooled odds ratio analysis.
Propofol caused less hypoxia and so was favored in 5 out of
12 studies, and traditional methods were favored in 4 out of
12. A similar pooled odds ratio performed for hypotension
summarized no difference among the eleven studies report-
ing that complication. The analysis concluded that propofol
had a slightly lower risk profile than traditional methods
but that further studies were needed to prove its superiority.
The overall cardiopulmonary complication rate was 14.5%
for propofol and 16.9% for traditional methods.

Outside of the studies reported in the meta-analysis,
only nine RCTs published within the past decade com-
pared propofol against a traditional sedation protocol
and used a nonanesthesia professional to administer the
sedation. Unfortunately, two did not report intraproce-
dural cardiopulmonary changes.24,25 Of the remaining
seven studies (Table 48-2), two were designed to demon-
strate the safety of using registered nurses to administer
the sedation while under the direction of the endosco-
pist,26,27 one compared patient-controlled sedation against
nurse-administered sedation (arguing that nurse adminis-
tration was preferred),28 and one other argued that the use
of another endoscopist to administer the propofol was not
cost-effective.29 Trained nurses were identified as the
most cost-effective providers of propofol.29,30 Endoscopic
procedures can be painful, but analgesics were not used
with the propofol in five of the seven studies.26,28,29,31,32

Supplemental oxygen was not given in one study,29 only
2 L per minute was delivered in four,27,28,31,32 and hypoxia
was the most common complication. However, the inci-
dence of hypoxia was similar with either sedation tech-
nique. Only one study compared deep sedation with
propofol alone to moderate sedation with propofol in



Table 48-2 Randomized Clinical Trails of Endoscopic Literature

Author
(Date) Study

Responsible
for
Administration
of Medications Medications

Population
(N)

Mean
Dose
(mg/kg)

Hypoxia
<90%
(%)

Hypotension
<25% (%)

Heart Rate
Changes
(%) Study Conclusions

Lee
(2002)27

Colonoscopy
in >65-
year-olds

Patient-
controlled

Pfl and A 50 0.79 NR 0 4 NR Total Pfl dose was low and had a faster
recovery. Patient satisfaction was high
in both.

Endoscopist-
directed
registered
nurse (RN)

D and Mep 50 5.8 30.1 8 28 NR

Vargo
(2002)29

ERCP/EUS Endoscopist Pfl 38 4.67 37 16 0 Cost analysis study. End-expired CO2

measured. No differences in
cardiopulmonary parameters. Pfl had
a shorter recovery. Author argued for
RN delivery because of expense of
second physician.

Endoscopist Mid and Mep 37 0.12
1.54

57 19 8

Sipe
(2002)26

Colonoscopy RN Pfl 40 2.61 0 0 0 Pfl had faster onset, greater sedation
(unresponsive to pain vs. response to
verbal), and faster recovery. Author
claimed within the past decade safety
in RN administration

RN Mid and Mep 40 0.06
1.09

0 5 5

Heuss
(2004)28

Colonoscopy PCS Pfl 36 1.78 2 23 NR Similar cardiopulmonary changes
regardless of technique, but 35% of
patients refused PCS. Author
concluded that patient preference
makes NAPS the preferred method.

NAPS Pfl 40 1.53 2 25 NR

Riphaus
(2005)31

ERCP in >80-
year-olds

Intensivists Pfl 75 322 mg
mean
total

9 4 8 ASA III and IV elderly patients. No
statistical difference in clinical
parameters except desaturation
during recovery was less and
recovery faster with Pfl.

Intensivists Mid and Mep 75 6.3 mg
and
50 mg
mean
totals

11 5 4
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Chen
(2005)32

ERCP Intensivists Pfl 35 NR 6 20 6 43% with Pfl had significant changes in
blood pressure vs. 60%. Heart rate
and SpO2 changes similar. Recovery
time was faster with Pfl.

Intensivists Mid and Mep 35 NR 9 0 11

VanNatta
(2006)33

Colonoscopy Endoscopist-
directed RN

Pfl 50 215 mg
median
dose

0 Cannot
interpret

Occurred
but
cannot
interpret
data as
presented

The mean sedation score (MOAA/S)
with Pfl was 0.9 but was >3.0 for the
three combinations. The Pfl þ F group
had the lightest mean sedation score
and never reached deep sedation.
None desaturated below 90%. Shorter
recovery times occurred with the
mixtures vs. Pfl alone.

Endoscopist-
directed RN

Pfl þ F 50 140 mg
Pfl
median
dose F:
NR

0

Endoscopist-
directed RN

Pfl þ Mid 50 125 mg
Pfl
median
dose
Mid:
NR

0 0

Endoscopist-
directed RN

Pfl þ Mid þ F 50 82.5 mg
Pfl
median
dose F
and
Mid:
NR

0 Cannot
interpret

A, alfentanil; D, diazepam; EGD/US, endoscopic retrograde cholangiopancreatography/endoscopic ultrasound; ERCP, esophagogastroduodenoscopy; F, fentanyl; Mep, meperidine; Mid, midazolam; NAPS, nurse-
administered propofol sedation; NR, not recorded; PCS, patient-controlled sedation; Pfl, propofol.
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combination with four different protocols using opioids
and/or benzodiazepines.33 The authors reported that
intraprocedural doses of propofol were less when used
with a benzodiazepine, an opioid, or both and that there
were no cardiopulmonary complications that required
intervention. Also, all patients stayed at or above 93% sat-
uration except in the study group that had deep sedation
with propofol as the sole agent. The lowest recorded satu-
ration in this group was 91%. Finally, recovery was faster
in the study groups that received combination therapy
and were kept to a moderate level of sedation.

Among the 10 prospective, non–evidence-based studies
reviewed, several trends were apparent. Within the endos-
copy literature, depth of sedation was most often assessed
using either the Observer’s Assessment of Alertness/Seda-
tion (OAA/S) scale or its modified version (MOAA/S) (see
Table 48-1). The ASA sedation continuum scale was not
used. The deepest sedation level on the OAA/S scale is 0,
defined as no response to painful stimulation. This corre-
sponds to the ASA definition of general anesthesia. In stud-
ies where sedation levels were reported, intraprocedural
levels were often in the 0 to 2 range of the OAA/S
scale,22,34,35 except when patients controlled their own level
of sedation.36 Hypoxia as measured by the pulse oximeter
and typically defined as SpO2 less than 90% was the most
frequent finding, yet some studies did not report the use
of supplemental oxygen,37,38 and the amount of supple-
mental oxygen used ranged from 1 to 6 L/min.22,34-36,39

Additionally, only two studies monitored respiratory activ-
ity. One did so using a capnograph38 to look for the pres-
ence of a waveform, but in the other, the sedating nurse
only felt for a breath on the back of a hand.37 None of
the other studies monitored ventilations or respiratory
effort.22,34-36,39 Yet, compared with more traditional agents,
the clinical and recovery profile of propofol was reported
as consistently better, and there were no reports of death
or significant morbidity. Although its usefulness is gener-
ally not supported in the gastroenterology literature, one
study evaluated bispectral electroencephalogram analysis
(Bispectral Index [BIS]) monitoring.22 The nurses responsi-
ble for sedation were asked to use the BIS monitor as a dos-
ing guide, but in practice this did not alter their behavior.
Mean BIS scores remained in the 59 to 64 range whether
or not the monitor was available, and the mean MOAA/S
scores were less than 2.

A frequently studied and reported-on parameter in both
the RCT literature and nonrandomized articles is the use of
nurse-administered propofol sedation (NAPS).22,25,26,28,37

The concept has evolved from that of a nurse solely
devoted to the process of sedation and following endosco-
pist direction to the nurse following a set protocol with less
input from the endoscopist.22,37 Most recently, a published
article reported on the success of NAPS for endoscopy
where the nurse was no longer devoted to sedation with
propofol but was performing the other nursing aspects of
the endoscopic procedure as well.40

Emergency Medicine

In emergency medicine, five RCTs comparing the use of
propofol against traditional techniques for sedation and
analgesia have been published since 1999.15,41-44 Three
types of emergency department procedures were used to
evaluate medication effectiveness: fracture reductions,
dislocation reductions, and cardioversions. The common
factors under study were suitability of conditions to do
the necessary procedure, recovery time, and any clinically
significant complications as defined by the particular
study protocol.

One of the RCTs evaluated closed fracture reduction
and casting in the pediatric population.41 Of the 89 ran-
domly assigned patients ranging in age from 2 to 18,
43 received propofol, 46 received midazolam, and all
received morphine preprocedurally. No child received
supplemental oxygen initially, and hypoxemia was
defined as a pulse oximetry reading of less than 93%;
11.6% of those receiving propofol and 10.9% of those
receiving midazolam met the criteria for hypoxemia in
the study. Agitation was observed more frequently with
midazolam (6.5% versus 4.7%, p ¼ 1.0) and pain on injec-
tion was more frequent with the use of propofol (7.0%
versus 4.3%, p ¼ 0.67). Oversedation was the most com-
mon complication and was defined as a Ramsay score of
6 for two or more consecutive scoring intervals of 5 min-
utes (see Table 48-1); 32.6% of those receiving propofol
and 34.8% of those receiving midazolam met this defini-
tion. Although the levels of sedation and oversedation
were comparable during the procedures, propofol demon-
strated a threefold faster recovery time.

The four other studies evaluated different sedation tech-
niques in the adult population. Coll-Vinent and colleagues42

looked at sedation for cardioversion and analyzed four dif-
ferent sedative regimens including propofol. Measured
parameters were blood pressure, heart rate, respiratory rate,
sedation level, oxygen saturation, and recovery. The group
sizeswere small, being nine for etomidate, nine for propofol,
eight for midazolam, and six formidazolam followed by flu-
mazenil. All patients were sedated to a Ramsay score of 5
or 6. Desaturation was defined as SpO2 less than 90% and
occurred in all protocols except when midazolam was used
alone. Apnea was defined as a lack of spontaneous respira-
tions for at least 20 seconds. Midazolam without flumazenil
had the highest incidence of apnea at 37.5%, although none
of the patients met criteria for desaturation. Propofol had
the highest percentage of desaturated patients at 44%, but
none required management of the airway beyond assisted
ventilation for less than 2 minutes. Apnea and desaturation
were considered outcomemeasures and not adverse events.
Reported adverse events were myoclonus, bronchospasm,
pain at the site of injection, cough, dizziness, and resedation.
Among the nine patients receiving etomidate, 11 adverse
events were reported. Of the six patients who received mid-
azolam followed by flumazenil administered as a 0.5 mg
bolus with another 0.5 mg in an intravenous infusion given
over the next hour, five experienced resedation after the infu-
sion was stopped. Propofol had the lowest incidence of
adverse events at 11% (onewith bronchospasm) anddemon-
strated the best recovery profile.

Miner (with different groups of colleagues)15,43,44 per-
formed the remaining three RCT studies using adults under-
going fracture and dislocation reductions. This author
supplemented the traditional cardiopulmonary measure-
ments of blood pressure, heart rate, and pulse oximetry
recordings with end-tidal carbon dioxide (ETCO2) and BIS.



Chapter 48 Should Propofol Be Given by Nonanesthesia Providers? 323
In his earliest RCT study, he compared propofol against
methohexital43 and found no cardiac rhythm abnormalities
or decrease in blood pressure as defined by a 20% drop from
baseline. Respiratory depression, defined as either a loss of
the capnographic waveform, an SpO2 less than 90%, or a
change from the recorded ETCO2 of more than 10 torr, was
48% with methohexital and 49% with propofol. Of the total
number of patientswho experienced respiratory depression,
61.5% registered a BIS score of less than 70 at somepoint dur-
ing the procedure. By comparison, the other 37.3% who
developed respiratory depression remained above 70 at all
times. Furthermore, the lowest mean BIS value for metho-
hexital was 66.2 and for propofol it was 65.5. The author con-
cluded that the BIS monitor was not helpful in detecting
respiratory depression. The other parameters measured
were patient satisfaction, return to baseline mental function,
patient pain, and recall. For these parameters, the two drugs
were comparable, leading the author to conclude that propo-
fol was as safe asmethohexital for sedation in the emergency
department. Of note is that this paper defined sedation dos-
ing regimens that have since gained wide acceptance within
this specialty.

In 2007,Miner published another study thatwas similar in
design but compared etomidate with propofol.44 Measured
outcome parameters were blood pressure, pulse, respiratory
depression, oxygen saturation, BIS scores, MOAA/S scores
(see Table 48-1), procedure success, and return to baseline sta-
tus. The number of patients who met respiratory depression
criteria as described in the previous study43 was 36 of 105
(34.3%) receiving etomidate and 46 of 109 (42.2%) receiving
propofol. Among etomidate patientswith respiratory depres-
sion, 3.8% required bag-valve-mask assistance, 13.3% needed
airway repositioning, and 11.4% were stimulated to induce
breathing. Among propofol patients the incidences were
4.6%, 11.0%, and 11.9%, respectively. Sedation depth as
measured by the BIS monitor and MOAA/S scale was simi-
lar. The mean BIS score nadir with etomidate was 63.6 with
a range of 25 to 97, and for propofol it was 62.0 with a range
of 5 to 94. The lowest MOAA/S was a median score of 1 for
both sedation protocols, and no other information was
provided. Myoclonus was reported as an adverse event with
an incidence of 20% among those receiving etomidate and
1.8% of those receiving propofol. The study concluded that
although the use of either medication was a safe option, eto-
midate produced more myoclonus and was associated with
a lower procedural success (89.5% versus 97.2% with
propofol).

The third Miner RCT study assessed whether assigning
a preprocedural sedation level made a difference in out-
come or complications.15 As was done previously, heart
rate, blood pressure, pulse oximetry, ETCO2, and BIS
levels were monitored. Patients were assigned to receive
deep versus moderate sedation as defined by ASA seda-
tion definitions,19 and propofol was the only sedative
used. The total dose of propofol administered was
1.69 mg/kg in the moderate group and 1.82 mg/kg in
the deep group. Of the 75 patients enrolled, 39 were to
receive moderate sedation and 36 were to receive deep
sedation; 31% of the moderate sedation group reached
deeper than intended levels and 46% of the deep sedation
group reached only a moderate level of sedation. The
mean minimum BIS score was 67.7 in the moderate group
and 59.2 in the deep group. Respiratory depression as pre-
viously defined43,44 was 49% in the moderate group and
50% in the deep sedation group. The incidence of hypo-
tension, defined as a greater than 20% drop of the systolic
pressure from baseline, was 11.4% in the moderate group
and 9.3% in the deep. All other measured parameters
were similar, and the authors’ conclusion was that a pre-
procedural target sedation level did not influence out-
comes or the occurrence of complications.

Radiology and Pediatric Sedation Units

The first report of a pediatric sedation unit (PSU) that
provided services for primarily radiologic procedures
and without anesthesia professionals directly involved
occurred in 1998.13 Since then, there have been no rando-
mized controlled trials, but additional reports of primarily
a retrospective13,14 and an observational nature.45 Most
reports used propofol as a component of the sedation reg-
imen along with opioids, benzodiazepines, and keta-
mine13,14; one used only propofol.45 In all the reports, the
physicians involved in drug selection and administration
were pediatric intensivists or emergency department phy-
sicians. They did not consistently care for the child in
transport or during the procedure, and maintenance mon-
itoring was often performed by specially trained nurses
who had variable levels of contact with the supervising
physician. In two of the reports, the PSUs were estab-
lished in consultation with the anesthesia department.13,45

One study in which emergency department physicians
were providing the sedation service did not state whether
there was anesthesia involvement at any time.14 Deep
levels of sedation were intentionally achieved to prevent
movement. One study did not report complications from
the sedation medications used but concluded that the prac-
tice was safe.14 Another reported a 4.4% incidence of hypo-
tension, 2.6% incidence of hypoxia, 1.5% incidence of
apnea, and 1.3% incidence of airway obstruction.13 Most
treatments for these complications were performed by the
sedation nurse present acting under a protocol and with a
radio communication device handy.13 In the study in which
propofol was the only medication used, desaturation
occurred in 12.7%, and 0.8% required assisted ventilation
for a short period.45 The authors concluded that propofol
for sedation in a PSU with rapid availability of anesthesia
personnel as needed was safe.

Dentistry

The dentistry literature that reported RCT-style studies
focused more on evaluating the effectiveness of different
delivery modes for sedation with propofol rather than com-
paring propofol against other traditional medications.
Patients having simple ambulatory surgical procedures
such as extraction of third molar teeth comprised the study
groups in all four papers, often with each patient serving as
his or her own comparison in two separate sessions. In the
studies reviewed, the goal was to achieve sedation that was
satisfactory to the patient before the administration of the
local infiltration or nerve block and then a level of sedation
thereafter as determined by the individual controlling the
sedation, be it the patient or the practitioner. Only one
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study compared propofol against another sedative using
the same administration technique,46 and another exam-
ined propofol against a different sedative and used differ-
ent administration techniques as well.47 The other two
compared different modes of delivering propofol and no
other sedative was used.17,18

When propofol was compared with methohexital46 or
midazolam,47 propofol was found to have superior recov-
ery and better patient acceptance without an increased
complication rate,47 or there was no difference between
the two medications.46 Parameters measured were heart
rate, oxygen saturation, blood pressure, sedation level,
patient cooperation, ease of procedure performance,
patient satisfaction, and recovery.

The delivery systems evaluated in the two other studies
using propofol were a continuous infusion, a patient-con-
trolled bolus technique without an infusion, and a patient-
maintained system (PMS). The PMS technique involved
using a computerized pump set to infuse at a rate thatwould
maintain a target plasma level of 1.4 mcg/mL. The computer
set the rate basedon thepatient’s age andweight. Thepatient
could then increase the infusion to deliver a higher plasma
level by pushing a button on a handset. Parameters
measured were pulse, respiratory rate, blood pressure, oxy-
gen saturation, sedation, recovery, and patient satisfaction.
No cardiopulmonary complications were reported, and
recovery times were similar, as were satisfaction rates. Only
two patients were considered oversedated, defined as not
arousable to mild stimulation, and this occurred with the
PMS system only.18 In another study, all patients who
received the continuous infusion of propofol reached a seda-
tion level where they were arousable to command,17 and no
patients in either study who received patient-controlled
boluses reached a level of sedation where they were not
arousable. In both studies, the patient-controlled groups
used less propofol overall and satisfaction remained high.
AREAS OF UNCERTAINTY

It is evident from the literature that propofol use is grow-
ing among nonanesthesia professionals. However, areas
of controversy revolve around acceptability of outcomes,
adequate monitoring, consistent definitions of sedation
depth, and whether the individual administering the
medications and monitoring the patient has the necessary
education and skills to identify developing problems and
implement corrections.

The types and quantities of procedures requiring seda-
tion and analgesia are increasing,11 and there are mount-
ing economic and social pressures for nonanesthesia
specialties to provide procedural sedation without an
anesthesia professional present.48-51 Studies in the non-
anesthesiology literature demonstrate that propofol, com-
pared with traditional protocols, has a comparably safer
recovery profile. Whether with sedation by propofol or
by traditional medications, the studies report periods of
apnea, hypotension, hypoxia, and the loss of response to
stimulation as acceptable intraprocedural conditions.
Unfortunately, there are no data showing whether such
short-term events are insignificant and without morbidity
over the long term, as assumed by the studies’ authors.
Anesthesia professionals believe that monitoring the
patient is the key to maintaining safety, and intraproce-
dural variations in cardiopulmonary parameters should
be treated. Unfortunately, other specialties differ on which
cardiopulmonary parameters are monitored, how changes
are defined as significant, and whether they are treated.
Although the basic heart rate, blood pressure, and oxygen
saturation measurement, as well as simple observation,
are commonly employed, other parameters such as ade-
quate ventilation are not routinely assessed. Emergency
medicine is one specialty that has actively defined moni-
toring requirements.43 Researchers have identified that
the routine use of supplemental oxygen may delay recog-
nition of apnea or airway obstruction50 because not all
chest wall movement means air exchange. They advocate
the measurement of end-expired CO2 via nasal cannulae
and have defined the parameters that signal the presence
of subclinical respiratory depression. Aside from emer-
gency medicine, other nonanesthesia fields do not rou-
tinely use more than basic monitoring. Finally, despite
hopes that electroencephalographic monitoring such as
the BIS would correlate with perceived sedation levels
and perhaps reduce oversedation-related adverse events,
studies have not shown a correlation.21,22,43,44 This sug-
gests that the technology as it now exists offers very little,
and its use is not recommended by those practitioners.

Another area of concern is the many ways sedation
depth is defined. Definitions are loosely similar among
the scales used, but the numeric designations may cause
confusion when comparing the literature (see Table 48-1).
To avoid such confusion, it would be helpful if only one
document describing the range of sedation, including the
extremes of no sedation and general anesthesia, was uni-
versally accepted among the specialties. One-word
descriptors such as “minimal,” “moderate,” or “deep”
with an explicit, accepted description of the term would
give a more comprehensive understanding of the level of
sedation, as opposed to a numeric value. Furthermore,
knowledge of the depth at which cardiopulmonary para-
meters may be affected or protective airway reflexes lost
would provide better sedation endpoints and might
reduce the incidence of adverse events. Unfortunately,
the physician’s desire to have an unresponsive patient
during a procedure may concur with the patient’s desire
to be unaware and result in oversedation, even though
several studies established that deep sedation is not a nec-
essary endpoint for patient satisfaction or procedural
success.18,24,27,33,36,38,47,52,53

Who is actually administering the medications and
how they decide when and what dose is another area of
concern to the professional anesthesia community. Endos-
copy has been advocating the use of NAPS for some time
as a cost-effective and efficient mode.22,25-30,33 However,
studies show that the depth of sedation achieved can slip
beyond deep levels into what is commonly understood to
be general anesthesia,22,34,35 and it is sometimes unclear
who is ordering the drug doses and their timing. Although
in the United States the nurse involved in NAPS is separate
from the nurse assisting with the procedure, in one Euro-
pean report this situation may be changing.40 Also,
patient-controlled computerized infusion systems to pro-
vide sedation such as the PMS system described in the
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dental literature18,47 are in development. If these are the
coming trends, the need for better monitoring standards,
better sedation assessments, and education on the adverse
effects of propofol and their treatment are underscored.

GUIDELINES

TheASAhas published a number ofwell-defined guidelines
on the use of propofol by nonanesthesia professionals. The
most relevant here are “Continuum of Depth of Sedation,”19

“Statement on the Safe Use of Propofol,”54 and “Practice
Guidelines for Sedation and Analgesia by Non-Anesthesiol-
ogists.”55 Although these documents have not yet gained
universal acceptance outside anesthesiology, and there are
competing documents promoted by other specialties,56,57

the ASA classifications and guidelines are being acknowl-
edged in the more recent nonanesthetic literature.33,50,58
AUTHORS’ RECOMMENDATIONS

1. It is unlikely that the use of propofol by nonanesthesia pro-
fessionals will cease. In many ways, propofol may be as safe as
or safer than more traditional medications. However, educa-
tion of nonanesthesia professionals, especially those responsi-
ble for the patient’s safety, is needed to advance patient safety.
Understanding the risks for nonfasted patients and providing
the training to achieve only moderate levels of sedation are
essential. The ASA provides documents to assist in many
aspects of the educational and credentialing process, and these
should be at the core of any training program.

2. Monitoring must be standardized and adequate. Given their
training, experience, and everyday environment, we recom-
mend that anesthesiologists should be at the forefront to
determine protocols, initiate training, perform or oversee
competency reviews, and set up the quality assurance
programs. All data should undergo periodic review with
appropriate responses to sentinel events.

3. All specialties using sedation should agree on a consistent set
of definitions of sedation depth. This would help to advance
research and develop evidence-based recommendations on
patient safety. The ASA has published a document defining the
continuum of depth of sedation that describes physiologic
changes, as well as responsiveness at different depths,
including general anesthesia. We recommend the universal use
of such a document as it would open the discussion and
comparison of data between fields.

4. Anesthesiologists did not anticipate such ready acceptance of a
new anesthetic medication outside of the specialty. However,
this is unlikely to be the last time such a scenario occurs.
With a growing emphasis on ambulatory procedures and
short-acting medications, a similar circumstance may occur
again. Ideally, anesthesia professionals will be better prepared
to address the use of such potent drugs by nonanesthesia
professionals in a more proactive manner. The ASA has started
to establish the necessary documentation to address future
events.
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 Aspiration: Is There an Optimal
Management Strategy?

Neal H. Cohen, MD, MPH, MS
INTRODUCTION

Aspiration is a known risk of anesthesia and surgery.
When rendered unconscious, patients lose their normal
airway protective reflexes. Other situations also increase
the risk of aspiration during anesthesia and surgery. For
example, the patient with known gastroesophageal reflux
disease is at high risk for aspiration and its consequences,
particularly in the perioperative period. Supine position-
ing increases the risk of regurgitation and subsequent
aspiration. Aspiration can have significant physiologic
and economic costs for the patient; there are also signifi-
cant professional liability issues associated with aspira-
tion. At the same time, aspiration is presumed to be
avoidable with proper management strategies. Anesthe-
siologists therefore go to great lengths to identify patients
at risk for aspiration, to reduce the risk, and to treat the com-
plication when it is identified. A number of approaches are
used to reduce the risk of aspiration and to treat it, although
the evidence to support most therapies is limited.

To clarify the current state of knowledge regarding the
risks, complications, and treatment for aspiration during
anesthesia care, this chapter will review the available
data regarding the diagnosis of aspiration, discuss its clin-
ical significance, and address some of the controversial
areas surrounding management of aspiration based on
currently available data.
THERAPEUTIC OPTIONS

Minimizing the Risk

The key to reducing the complications associatedwith aspira-
tion is to minimize the likelihood that it will occur at all. Even
when aspiration is witnessed, the risk of complications asso-
ciated with it varies considerably. As a result, the incidence
of aspiration may be underestimated and its relationship
to the patient’s postoperative course underappreciated.1

A number of approaches have been recommended
to reduce both the risk of aspiration and the physiologic
consequences of aspiration should it occur. The primary
method for reducing the risk of aspiration is to ensure
that the patient has an empty stomach before induction
of anesthesia, particularly for elective surgical proce-
dures. Fasting is the recommended approach to reducing
the quantity of gastric contents. Although there are no
clear-cut data to define the exact duration of fasting that
is required, a number of recommendations have been
proposed related to the duration of fasting and the type
of foods that should be avoided. Based on a review
of the current guidelines and the data to support them,
practice guidelines have been developed to define the
most appropriate duration of fasting for adults and chil-
dren based on the current state of knowledge. The guide-
lines suggest a minimum fasting period of 2 hours after
ingesting clear liquids. Adult patients should fast for
at least 6 hours after a light meal. Children taking
breast milk should fast for 4 hours and those taking infant
formulas should fast for 4 hours before elective surgical
procedures for which anesthesia will be provided.2,3

To reduce the volume and acidity of gastric secretions,
a number of pharmacologic agents have been recom-
mended. Although many clinicians routinely recommend
the use of a gastrointestinal stimulant, gastric acid secre-
tion blockers, and antacids, there are few data to support
their routine use. In general the routine use of any of
these agents is not recommended except in patients with
a high likelihood of delayed gastric emptying, such
as an obese or diabetic patient.4 For selected patients at
high risk for aspiration, when antacids are used, they
should be restricted to nonparticulate antacids. The rou-
tine use of other agents, such as antiemetics or anticholi-
nergics, has not been demonstrated to reduce the risk of
pulmonary aspiration, although they may be of value in
selectedpatients at high risk for aspiration or inpatientswith
known gastroesophageal reflux, including some elderly
patients.5,6

Another strategy that is used to reduce regurgitation
and possible aspiration is cricoid pressure. It is generally
employed as part of the “rapid-sequence induction tech-
nique” to reduce the likelihood of regurgitation and
aspiration (or at least minimize the quantity of aspi-
rate),7,8 thereby reducing the magnitude of sequelae
even when silent aspiration does occur. Although com-
monly used, there are few objective data to support its
value, perhaps because it is difficult to confirm proper
application.9

Management Strategies

The primary treatment for aspiration is supportive.
Supplemental oxygen should be provided to ensure ade-
quate oxygenation. Routine bronchopulmonary hygiene
327



328 Section III PERIOPERATIVE MANAGEMENT
and other supportive measures are the only additional
approaches that have been demonstrated to be effective.10

There are no data that support the empiric initiation of
other therapies immediately after a witnessed or suspected
aspiration.

In the event that an aspiration event is witnessed,
the removal of debris from the oropharynx should be per-
formed using a Yankauer suction catheter. If the patient
continues to regurgitate or actively vomit, she or he
should be placed in the head-down position on the side
to prevent further aspiration into the airway. Placement
of a nasogastric tube may be required to remove addi-
tional gastric contents and prevent ongoing aspiration.
Bronchodilator therapy with beta-agonists is indicated, if
bronchospasm is triggered by the aspiration. The broncho-
dilatory therapy will not only improve the wheezing,
but might also improve mucociliary function and facilitate
clearance of secretions in the postoperative period.

For some patients with large-volume aspiration or
known to have aspirated particulate material or material
with a low pH, additional interventions may be required.
Bronchoalveolar lavage is not indicated, because it can
cause the aspirate to move more distally into the smaller
airways, rather than facilitate clearance of the aspirate.10

Lavage does not reduce the likelihood of pneumonitis.
Bronchoscopy can be used to facilitate removal of partic-
ulate aspirate, particularly if a foreign body is identified
in the larger airways. Fluid resuscitation and vasopressors
may be indicated if a systemic inflammatory process
ensues.

For most patients who aspirate, antibiotic therapy is
not required and may simply increase the risk of anti-
biotic-resistant infection. In general, antibiotics should be
administered based on documented clinical infection with
positive sputum Gram stain, positive cultures, or a focal-
persistent infiltrate associated with fever and elevated
white count. Later in the patient’s postoperative course,
if an infiltrate persists or the sputum culture becomes pos-
itive, antibiotic coverage directed toward the offending
organism should be initiated. In selected clinical situations
early administration of antibiotics may be appropriate.
For example, if a patient has known bowel obstruction
or the aspirated material is feculent, antibiotic therapy
that provides adequate gram-negative bacterial coverage
should be initiated.
EVIDENCE

Every anesthesiologist is concerned about aspiration in
the perioperative period, although there are remarkably
few data to support management strategies to reduce the
risk of aspiration or treat it once it occurs. Although
the risk of aspiration and its consequences, as well as clin-
ical management strategies, have been evaluated in a
wide variety of studies, there is little evidence to support
our understanding of the risk factors, the actual incidence
of aspiration, or the most effective ways to deal with it.
Despite this lack of a large body of evidence to support
clinical practice, some general principles have been
defined and their use justified based on reasonably sound
data.
Incidence of Clinically Significant Aspiration

Although aspiration is of concern to every anesthesiolo-
gist, the incidence of aspiration in patients receiving anes-
thesia is difficult to define. It has been found to occur in
1 per 2000 to 3000 adult patients undergoing elective sur-
gery and 1 per 1200 to 2600 anesthetics in children. During
emergency procedures, the incidence may be three to four
times higher than it is during elective procedures.9,11,12

One of the difficulties in evaluating information obtained
from published studies of the risk of aspiration is that
the diagnosis is difficult to make and the frequency varies
considerably by patient population and approaches to air-
way management. In some cases the aspiration may be
silent and unrecognized. In addition, most patients who
aspirate demonstrate no evidence of complications from
the aspiration. Even those patients who have a witnessed
aspiration often have minimal, if any, sequelae. As a result
the diagnosis may be missed because it is based primarily
on the complications that result from the aspiration, rather
than observation of aspiration itself.1

The incidence of aspiration reported in the literature is
influenced by the method used to define aspiration. The
clinical manifestations vary considerably, particularly
based on the material aspirated. The patient who loses
the normal cough reflex during induction of anesthesia
may aspirate small amounts of oral secretions with no
obvious clinical manifestations and no clinical conse-
quence. On the other hand, the patient who regurgitates
gastric contents, such as a recently completed large meal,
and aspirates the material into the lung, may have signifi-
cant clinical manifestations, including laryngospasm,
bronchospasm, gas trapping, gas exchange abnormalities
(both acute and extended), pneumonitis, pneumonia, or
pulmonary abscess formation.
Differentiating Aspiration Pneumonitis from
Aspiration Pneumonia

Because of the overlapping clinical findings, the differenti-
ation of pneumonitis and pneumonia is challenging for
every clinician. The definitive diagnosis of aspiration
pneumonitis or pneumonia is difficult to confirm because
there are no obvious markers. In general, the diagnosis is
made based on the clinical presentation and clinical signs
and symptoms. Aspiration pneumonitis often gives rise to
an infiltrate, but it is usually fleeting, lasting only a few
hours. In general it clears without therapy. On the other
hand, the aspirate that is acidic can cause a chemical
pneumonitis resulting in the exudation of fluid into the
lung parenchyma. The risk of a chemical pneumonitis is
greatest if the pH of the aspirate is less than 2.5 or if the
quantity of aspirate is large or particulate.13-15 If blood is
aspirated, there may be an infiltrate immediately after
the aspiration, but it usually clears rapidly with minimal
consequences.

The greatest concern in the patient who aspirates is the
risk of pneumonia. Although the clinical features of pneu-
monitis and pneumonia overlap, if the patient has persis-
tent fevers that cannot be attributed to a wound infection
or other surgical cause or develops other clinical evidence
of infection or sepsis, a pulmonary infection must be
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considered. An elevated white blood cell count, purulent
sputum, and worsening clinical status are most likely
associated with pneumonia after aspiration rather than
inflammation (pneumonitis) alone.14

Risk Factors for Aspiration

The largest body of evidence related to the diagnosis and
management of aspiration has concentrated on identifica-
tion of patients at increased risk, particularly in the setting
of anesthesia and surgery. Unfortunately, these studies do
not rigidly or consistently define pulmonary aspiration,
making the estimation of risk and analysis of the natural
history of aspiration difficult.

Despite the difficulty in identifying specific risk factors,
a number of factors have been associated with an
increased likelihood of aspiration. Trauma patients and
any patient with impaired gastric emptying are at risk
for aspiration when rendered unconscious. Many trauma
patients have recently eaten, so their stomachs may be
full; pain and discomfort will also delay gastric emptying.
In addition, the trauma patient may have altered level
of consciousness due to the injury, compromising the
ability to protect the airway before tracheal intubation.
The same is true for the patient experiencing severe pain
and those who have recently received narcotic analgesics
that reduce gastric emptying. Other patients at risk for
aspiration include those with preexisting airway abnorm-
alities, the patient with esophageal disease, motility disor-
ders, and altered gastroesophageal sphincter tone.5,6,13

The obese patient and the pregnant patient are also at
increased risk for aspiration because of delayed gastric
emptying and, in some cases, the lower pH of gastric
contents.

In addition to the increased risk of aspiration in selected
patient populations, the likelihood of developing aspiration
pneumonitis also varies by patient population. The pri-
mary problem for the clinician is to understand which
patients are vulnerable to the more serious sequelae of
aspiration, such as pneumonitis and pneumonia, versus
those who aspirate without physiologic consequences. For
instance, aspiration pneumonitis is a well-known complica-
tion after drug overdose, seizure, and cerebrovascular acci-
dent, as well as associated with general anesthesia.
Aspiration has long been considered as the most common
cause of death for patients suffering from dysphagia and
compromised cough reflex, as may occur in patients with
neurologic disease. It has been estimated that 5% to 15%
of community-acquired pneumonia is secondary to aspira-
tion.14 This complication is probably most common in
elderly patients who reside in nursing homes.

In a study evaluating the significance of pulmonary aspira-
tion during the perioperative period, pulmonary aspiration
wasdefinedbasedon thepresence of bilious secretions orpar-
ticulate matter in the tracheobronchial tree, or the presence of
new pulmonary infiltrates on postoperative chest x-ray in
patients without any clinical findings on preoperative exami-
nation.12 Clearly, this definition may mistakenly include
patients with postoperative pulmonary edema or patients
with preexisting pneumonia that went undetected.

Some general conditions are associated with increased
risk of aspiration. They include higher American Society
of Anesthesiologists (ASA) physical status and patients
undergoing emergency procedures. Many other condi-
tions thought to be associated with aspiration were not
found to be independent risk factors by these authors.
Some of those include age, gender, obesity, ingestion
of a meal within 3 hours, experience and type of anesthe-
sia provider, and type of surgical procedure. And it is
interesting that no pulmonary aspiration was detected
in those patients undergoing cesarean sections under gen-
eral anesthesia. The most common predisposing conditions
associated with aspiration for patients undergoing elective
procedures are gastrointestinal obstruction, lack of coordina-
tion of swallowing,14 depressed level of consciousness,14

and recent meal.15

Data from both animal and human studies suggest that
a primary determinant in the development of aspiration
pneumonitis is the pH of the aspirate. A pH of less than
2.5 in the aspirate is necessary to cause clinically signifi-
cant aspiration pneumonitis.15 The volume of aspirate also
contributes to the likelihood of pneumonitis. A number
of studies indicate that the critical volume is 25 mL, or
0.4 mL/kg, for causing pneumonitis.16 Particulate anta-
cids may increase the gastric pH, but may cause pulmo-
nary problems due to the particulate matter if aspirated.
Nonparticulate antacids, on the other hand, which are
often administered to reduce the pH of the gastric con-
tents, may contribute to the risk of pneumonitis, because
they increase residual gastric volume.

The combined impact of the pH and volume on the risk
of aspiration pneumonitis is not clearly defined. In at least
one study evaluating the volume and pH implications,
80% of rats survived aspiration of volumes exceeding
2.0 mL/kg as long as the pH was greater than 2.5.17 Other
studies support this conclusion, suggesting that the
administration of a nonparticulate antacid is appropriate
for the patient at increased risk for aspiration in spite of
its effect on intragastric volume.

Anesthetic Induction Strategies
in Patients at Risk

For those patients at risk for aspiration, including those
with a full stomach or delayed gastric emptying (e.g.,
the diabetic patient, the obese patient), the airway must
be secured with extreme caution. Although the data on
its value are limited, it is probably prudent to administer
a nonparticulate antacid before induction of anesthesia.
Cricoid pressure should be applied when the patient’s
normal protective reflexes are compromised or the patient
is suspected of having a full stomach. These patients
should also be placed in the head-up position, if clinically
feasible, although positioning will be dictated by the
overall clinical needs of the patient.

The specific airway to be used for the patient at risk for
aspiration is not known. Although a cuffed endotracheal
tube should be used for most patients at risk for aspira-
tion, the presence of a cuff alone may not protect the
patient from aspiration of fluids around the cuff, par-
ticularly if the patient has increased gastric pressure or
volume of secretions and is in the supine position. None-
theless, the cuffed endotracheal tube will protect against
aspiration of larger particulate matter. There are now
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some case reports suggesting that endotracheal tubes with
low-volume, low-pressure cuffs may reduce the risk of
aspiration.18 ProSeal laryngeal mask airways have also
been shown to protect adult and pediatric patients from
large-volume aspiration, although there are no studies
that confirm that these airways are as effective as cuffed
endotracheal tubes at reducing the risk of aspiration.19-21

Documentation of Aspiration

Aspiration of clear liquids of high pH and limited quan-
tity is generally tolerated with minimal sequelae. How-
ever, it is difficult to predict whether an individual
patient will develop clinically significant pneumonitis,
pneumonia, or acute respiratory distress syndrome
(ARDS) after aspiration. The underlying clinical condition
of the patient, the physiologic status of the patient at the
time of the aspiration, and other factors will influence
the subsequent course. To ensure that the patient is being
appropriately managed, if aspiration is suspected, the
patient should be observed in a monitored setting for sev-
eral hours after the aspiration. A chest x-ray should
be obtained and reviewed for evidence of aspiration or
pulmonary infiltrate.
TREATMENT

Antibiotics and steroids should not be given empirically
to the patient. Antibiotics, however, should be given only
if the patient’s episode was associated with a high like-
lihood of gram-negative or anaerobic organisms, such as
in the setting of known small bowel obstruction. Further-
more, if the patient’s course continues to worsen or shows
no sign of improvement after 2 to 3 days, broad-spectrum
antibiotics are indicated at least until a positive diagnosis
is established by culture and sensitivity studies. There are
no data to support the administration of steroids in the
setting of aspiration. Recent studies in animal models sug-
gest that alveolar macrophages play an essential role in
the inflammatory response to the aspiration, particularly
in cases of acid-induced lung injury. In this situation, the
administration of an agent that depleted macrophages
was highly effective at reducing neutrophil recruitment
and vascular permeability in the lung.22 Whether this ther-
apy has application in the treatment of aspiration in the
human is unknown.

Sequelae of Aspiration Associated with
Anesthesia

Most cases of aspiration resolve without specific treat-
ment. However, in some specific situations aspiration
can result in a number of clinically significant abnormal-
ities. Aspiration can precipitate pneumonitis, give rise to
pneumonia, or result in ARDS. Not only can aspiration
lead to these serious sequelae, but it may also severely
compromise oxygenation in the periprocedure period.
Any aspirate in the upper airway, including particulate
materials, can cause acute laryngospasm or broncho-
spasm. With supportive care, these consequences are gen-
erally easily managed. If the particulate material enters
the smaller airways, however, the patient can develop
either aspiration pneumonitis or aspiration pneumonia.
The same sequelae can result from aspiration of feculent
material or acidic aspirate. Aspiration of gastric contents
high in fat can result in severe lipid pneumonia. Aspira-
tion pneumonitis is an inflammatory response in the air-
ways. It was initially described in obstetric patients by
Mendelson and is often referred to as Mendelson’s syn-
drome. Mendelson’s syndrome occurs when gastric con-
tents chemically injure the bronchopulmonary tree. In
contrast to aspiration pneumonitis, aspiration pneumonia
is an infectious process caused by the introduction and
proliferation of bacteria in the lungs. Distinguishing these
two diagnoses continues to be a clinical challenge, but it is
important because the differentiation has both prognostic
and therapeutic ramifications.

In addition to developing pneumonia after aspiration,
patients are also at risk for pulmonary abscesses, most
commonly in the setting of aspiration of anaerobic organ-
isms. The patients at greatest risk for this complication are
those with a depressed level of consciousness, swallowing
dysfunction, or impaired cough and patients with a his-
tory of drug abuse. In these patients a cavity may be noted
on chest x-ray. When a lung abscess is identified, anti-
biotics may or may not be effective. The patient may also
require a surgical or interventional radiologic procedure
to drain the abscess.

CONTROVERSIES

Antibiotic Therapy

The initiation of empiric antibiotic therapy after aspiration
is discouraged, although many clinicians find it difficult
to resist starting broad-spectrum antibiotics in the patient
who has aspirated while under their care. In general, anti-
biotics should be administered cautiously and only when
there is clinical evidence to confirm infection or the
patient’s underlying condition is deteriorating in spite of
intensive supportive care. Most studies that have
attempted to evaluate the optimal use of and timing for
administration of antibiotics suggest that the initiation of
antibiotics should only be considered when there have
been persistent symptoms for about 3 days.23 At that
time, it becomes important to consider the clinical sce-
nario, so that the proper antibacterial coverage is chosen.
Patients who have been in the hospital for several days
will be at increased risk for gram-negative pneumonia or,
if already receiving antibiotics, antibiotic-resistant pneumo-
nia, whereas most other patients are more likely at risk for
anaerobic organisms found in healthy patients’ oral flora.

Antibiotic therapy should be based on the results of
blood and respiratory cultures and pleural fluid cultures
when emphysema or abscess is suspected. If these results
are unavailable or fail to isolate a specific species, a broad-
spectrum agent should be chosen pending results of
subsequent cultures.

There is one clinical situation in which early administra-
tion of antibioticsmay be required. For the patient who aspi-
rates feculent gastric contents, particularly in the setting of
small bowel obstruction, the risk of pulmonary infection
is high. These patientsmay benefit from immediate adminis-
tration of broad-spectrum antibiotics to prevent the
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development of serious necrotizing pneumonia. If antibiotics
are initiated in this situation, serial sputum cultures (mini-
bronchoalveolar lavage) and sensitivities should be obtained
and antibiotics adjusted based on the results of the studies.

Steroids

Although corticosteroids have often been administered in
the setting of aspiration, there is no strong evidence that
there is any benefit. Two studies from the early 1980s
failed to show in animal models a benefit from corti-
costeroid therapy, particularly with regard to lung injury,
pulmonary function, interstitial edema, and clinical
outcome.24,25 In a double-blind, placebo-controlled clinical
trial, lung injury was found to resolve at a faster rate, as
determined by chest radiograph, in patients who received
corticosteroids.26 Despite a more rapid resolution of infil-
trates, no difference was noted in clinical outcome. Given
the lack of convincing data to support the use of cortico-
steroids in the setting of aspiration, they do not have a
role in the management of patients who have aspirated.

Bronchoscopy and Bronchoalveolar Lavage

The use of bronchoscopy or lavage after aspiration is lim-
ited.10 For patients known to have aspirated a foreign
body, such as a tooth, denture, or gum, bronchoscopy
may be the only way to remove the foreign body. In most
other situations, simple saline lavage and suctioning is
sufficient. Selective segmental lavage is not indicated
because the irrigation may force aspirated materials
into smaller airways that are more difficult for the patient
to mobilize. Because normal mucociliary clearance and
cough are superior to selective suctioning, whenever pos-
sible, the patient’s trachea should be extubated as soon as
clinically appropriate to encourage normal bronchopul-
monary hygiene. Only when the patient does not have a
forceful cough or has a persistently depressed neurologic
status is deep suctioning required.
GUIDELINES

Aspiration is a known complication of anesthesia and sur-
gery. For most patients clinical management should be
directed toward reducing the risk of aspiration. The risk
reduction strategies include minimizing loss of airway-pro-
tective reflexes whenever possible, reducing the quantity
and raising the pH of the gastric contents, and providing
supplemental protective approaches such as cricoid pres-
sure during airway manipulations. For patients at high risk
for aspiration, the administration of nonparticulate antacids
may be appropriate (obese patients, parturient). For patients
with known delayed gastric emptying, such as a diabetic
patient, preoperative administration of a gastric stimulant
(e.g., metoclopramide) may be indicated.

When a patient has a witnessed aspiration or the clinical
course is suggestive of aspiration, a thorough clinical exam-
ination and chest x-ray should be obtained. The patient
should remain in a monitored setting until clinically stable
without evidence of gas exchange or other physiologic com-
plications. Based on the findings of the evaluation, further
management strategies can be determined. If the patient
has wheezing or other evidence of increased airway resis-
tance, bronchodilators should be administered. If the
patient develops a pulmonary infiltrate, serial chest x-rays
may be required for ongoing evaluation.

Routine administration of antibiotics or steroids should
be avoided in the patient who aspirates. Care should be
supportive, including administration of supplemental oxy-
gen and monitoring of gas exchange and hemodynamics.
Fluids should be administered to maintain normal intra-
vascular volume. If the patient had known bowel obstruc-
tion or the aspirate was feculent, early administration of
appropriate antibiotics may be required, although the anti-
biotic regimen should be guided by serial sputum cultures.
Routine administration of antibiotics after aspiration is not
indicated and may put the patient at risk for antibiotic-
resistant infections. Steroid administration is not indicated.
AUTHOR’S RECOMMENDATIONS

l Minimize the risk of aspiration:
l Elective patients should have nothing by mouth for at least
2 hours (clear liquids) or 6 hours (light meal) before initiation
of anesthesia.

l Administer nonparticulate antacid solution to high-risk
patients.

l Apply cricoid pressure and avoid positive pressure
ventilation, whenever possible, during emergency airway
management (“crash induction”), although neither approach
has been documented to reduce the risk of aspiration.

l Diagnosing aspiration:
l Obtain serial chest x-rays based on clinical course.
l Obtain sputum for culture and sensitivity to diagnose
pneumonia.

l Treating aspiration:
l Therapy is supportive.
l Provide supplemental oxygen.
l Provide fluids to optimize intravascular volume.
l Provide routine bronchopulmonary hygiene.
l Routine antibiotics are not appropriate; treat known
infections based on clinical evidence of pneumonia, cultures.

l Avoid steroids.
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 Nonsteroidal Antiinflammatory
Drugs, Antiplatelet Medications,
and Spinal Axis Anesthesia
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INTRODUCTION

Many individuals use cyclooxygenase-1 and cyclooxygen-
ase-2 inhibitors (COX-1 and COX-2 nonsteroidal antiin-
flammatory drugs [NSAIDs]) on a regular basis. This is
particularly true of the elderly, who are more prone to hav-
ing osteoarthritis and rheumatoid diseases. The elderly are
also more likely to have had cardiac stent placements or
coronary angioplasties performed, and may be taking anti-
platelet medications such as the thienopyridines (ticlopi-
dine and clopidogrel) or the newer platelet antagonists,
platelet glycoprotein (GP) IIb/IIIa agents (such as abcixi-
mab, eptifibatide, and tirofiban). All these agents alter
platelet function and may increase the risk of spinal/epidu-
ral hematoma formation, if spinal axis anesthesia is used
without following proper precautions. All anesthesiologists
should be familiar with these agents and how they work.
More important, they should be familiar with the estab-
lished guidelines set forth by the American Society of
Regional Anesthesia (ASRA),1 the German Society of Anes-
thesiology and Intensive Care Medicine (DGAI),2 and the
Spanish Consensus Forum.3 These guidelines will help
one decide when these agents should be stopped before
surgery/anesthesia and when it is safe to remove spinal/
epidural catheters in order to provide all patients with the
widest possible margin of safety.
OPTIONS

It would appear that we have come full circle in the use of
aspirin (ASA) as the primary chemoprophylactic agent for
the prevention of pulmonary embolism (PE) following hip
pinning, total hip replacement surgery, and total knee
replacement surgery. The material presented at the Third
ASRA Consensus Conference (Vancouver, British Colum-
bia, Canada, in April 2007) would suggest that there is a
growing body of literature that shows that deep venous
thrombosis (DVT) is not an accurate marker for the risk
of embolic disease following total joint surgery, as the
incidence of PE has not declined proportionately with the
decrease in the incidence of DVT that results from
the current use of the low-molecular-weight heparin
(LMWH) regimens.4 Furthermore, when LMWH is used
as the primary DVT prophylactic agent, there is an
increased risk that patients may develop a deep peripros-
thetic hematoma4,5 or other surgical bleeding.6 Should
one’s patient develop a deep periprosthetic hematoma
there is a substantial risk that the patient will develop a
prosthetic infection and need additional surgery. More
important, the patient might require an amputation of the
involved extremity. On the other hand, the use of ASA in
conjunction with pneumatic compression devices allows
one to provide epidural analgesia in the postoperative
period. This in turn allows patients to ambulate with mini-
mal discomfort in the immediate postoperative period and
actively participate in physical therapy.4,5 As a result of the
aforementioned protocol the incidence of PE is the same as
that seen with LMWH therapy following total joint arthro-
plasty.4,5 In addition, an exhaustive literature survey and
meta-analysis on spinal hematoma formations done by
Kreppel and colleagues7 showed that only 10% of all spinal
hematomas were associated with the use of a spinal anes-
thetic procedure and that 60% of these epidural hematoma
formations were either associated with the presence of a
coagulopathy or an anticoagulant had been administered
to the patient.More important, none of these hematoma for-
mations occurred in the presence of ASA orNSAID therapy
alone.7 It would therefore appear that there is no increased
risk of spinal hematoma formationwith the timing of single
shot or catheter techniques in relation to the dosing of
NSAIDs or ASA. But what is the evidence that aspirin che-
moprophylaxis reduces the risks of thromboembolic
disease to an acceptable level following joint replacement
surgery? A recent prospective study by Lotke and Lonner4

usedASA chemoprophylaxis, early ambulation, an increased
use of regional anesthesia and intermittent pneumatic com-
pression to prevent fatal PE in 3473 consecutive patients
undergoing a total knee arthroplasty. Again, the authors
used a reduction in the incidence of fatal PE, not DVT, to
determine the effectiveness of their study protocol and com-
pared their results against those of multiple other studies in
which more conventional chemoprophylactic agents, such
as warfarin, fondaparinux, or LMWH, were used following
total knee arthroplasty. The study period ran for a minimum
of 6 weeks following each joint replacement. Lotke and
Lonner4 had a total of nine deaths during their study: two
from PE, five from cardiac events, one from stroke, one from
335
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fat embolism, and three cardiac-related events for which PE
could not be ruled out as the primary cause of death. There-
fore the best- and worst-case scenarios for PE were 0.06%
and 0.14%, respectively. Thirteen patients required reopera-
tion to evacuate a deep wound hematoma (0.4%). The results
of this study compare quite favorably with regard to the inci-
dence of fatal PE when compared with multiple studies in
which more conventional chemoprophylactic agents were
used to prevent PE in patients having a total knee replace-
ment. However, the incidence of fatal PE was found to be
about 0.1% in the other studies, irrespective of the chemopro-
phylactic used. Finally, the incidenceof adversepostoperative
bleeding events in the Lotke and Lonner4 study was only
0.3%. This incidence is substantially lower than the rate of
2% to 5%reported in the literaturewith themore conventional
chemoprophylactic regimens.

EVIDENCE

Cyclooxygenase-1 Nonsteroidal
Antiinflammatory Drugs (COX-1 and NSAIDs)

Aspirin causes inhibition of platelet function through inhi-
bition of platelet cyclooxygenase, an enzyme that is instru-
mental in the biosynthesis of thromboxane A2 from
arachidonic acid. Thromboxane A2 is necessary for the
formation of thromboxane, a prostaglandin that is a
potent stimulator of platelet aggregation and adhesion.8

Because the reaction between aspirin and platelet mem-
brane cyclooxygenase is irreversible, inhibition of platelet
function lasts for the life of the platelet (7 to 10 days).

The remaining COX-1 NSAIDs such as naproxyn,
ketorolac, diclofenac, piroxicam, ibuprofen, and others
also act as prostaglandin synthesis inhibitors. All of them
cause reversible competitive platelet inhibition, and plate-
let function usually returns to normal within 1 to 3 days
after stopping the drug.9

Horlocker and colleagues10-12 and Urmey and Row-
lingson9 all believe that there is a minimal risk of spinal
hematoma formation when preoperative antiplatelet ther-
apy has been administered with either aspirin or another
COX-1 NSAID. All these authorities believe that it is not
necessary to stop these agents before surgery or to avoid
spinal or epidural anesthesia in patients who have
been using these medications in the preoperative period.
Table 50-1 Horlocker Studies*

Date of Study Type of Study
Number of Epidurals/
Spinals

1990 Retrospective 924

1995 Prospective 1000

2002 Prospective 1214

*Presents the results of three studies by Horlocker and colleagues10-12 that demons
received either a spinal or an epidural needle placement and who were also re
They also believe that it is safe to remove epidural cathe-
ters from patients who have been administered aspirin
or NSAIDs in the postoperative period.

Tryba13 published an extensive review on spinal hema-
toma associated with regional anesthesia. Thirteen cases
of hematoma were identified from the review of approxi-
mately 850,000 epidural anesthetics. Seven cases of spinal
hematoma were identified from 650,000 spinal anesthetics.
Statistical analysis of these data resulted in an estimated
incidence of spinal hematoma of 1:150,000 with epidural
anesthesia and 1:220,000 spinal blocks. These estimates rep-
resent the baseline risk of spinal hematoma formation with
neuraxial anesthesia in the absence of antiplatelet agents.

Horlocker and colleagues11 retrospectively reviewed
805 charts of patients who were receiving NSAIDs and
who also were administered a spinal axis anesthetic. None
of the patients developed a spinal hematoma in the post-
operative period. In a more recent prospective study, Hor-
locker and colleagues12 studied 924 patients who received
1000 spinal or epidural anesthetics. Three hundred eighty-
six (39%) of these patients were either taking aspirin (n ¼
193) or another COX-1 NSAID (n ¼ 293) in the preopera-
tive period. Blood was noted during needle or catheter
placement (minor hemorrhagic complications) in 223 of
patients (22%), including 73 who had frank blood in either
their needle or catheter. None of the patients developed a
spinal hematoma in the postoperative period. The authors
concluded that preoperative antiplatelet therapy was not a
significant risk factor for the development of neurologic
dysfunction from spinal hematoma in patients who
undergo spinal or epidural anesthesia while receiving
these medications.12

In another study by Horlocker and colleagues,10 which
involved 1035 patients who received 1214 epidural steroid
injections, 383 of the 1035 patients (32%) were concur-
rently taking an NSAID. More specifically, 158 of these
383 patients were consuming ASA and 104 of the 158 were
using low-dose aspirin (325 mg/day or less). The authors
conclude that epidural steroid injection is safe in patients
receiving either ASA or NSAIDs. Table 50-1 shows the
combined results of the three Horlocker studies.10-12

Vandermeulen and colleagues,14 in their review of the
literature from 1906 to 1993, were able to find only three
cases in which an NSAID was implicated in the formation
of a postspinal/postepidural hematoma. One of the cases
Number Taking
NSAIDs

Number Taking
Aspirin Results

301 N/A No hematoma
formations

386 193 No hematoma
formations

383 158 No hematoma
formations

trate that there were no epidural hematoma formations in 3138 patients who
ceiving aspirin therapy or another NSAID.
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involved indomethacin; in the two other cases aspirin was
implicated. One of these later two cases also involved the
concurrent use of heparin. Two of the patients had epidu-
ral anesthesia and the third had a spinal anesthetic. The
authors conclude that the incidence of spinal hematoma
after the placement of either spinal or epidural blockade
in patients taking aspirin or other NSAIDs is very low.
However, Vandermeulen is also an author on the German
Society of Anesthesiology and Intensive Care Medicine
consensus statement that suggests that there is a risk of
hematoma when aspirin and NSAIDs are not stopped sev-
eral days before the placement of a spinal or an epidural
block.2

The evidence that there is a risk of hematoma formation
if aspirin and other COX-1 NSAIDs are not stopped several
days before the placement of spinal or epidural blockade is
quite sparse and is limited to single-incident case reports. A
report by Litz and colleagues15 implicates the perioperative
administration of ibuprofen as the offending agent that led
to the formation of a spinal-epidural hematoma following
epidural catheter removal on the second postoperative
day in a patient who had undergone a total knee replace-
ment. However, the patient was also receiving LMWH.

The most alarming report is by Gerancher and collea-
gues.16 Their patient was not anticoagulated and only
received a single dose of ketorolac during surgery (30 mg
intravenously [IV]) and then three doses in the postopera-
tive period (15 mg intramuscularly [IM] every 6 hours).
The patient’s lumbar hematoma developed during the
afternoon of the first postoperative day and its presence
was confirmed by a magnetic resonance imaging [MRI]
study. Even more alarming was the fact that it occurred
as the result of a lumbar puncture with a small-gauge spi-
nal needle. She had required three needle passes in order to
place her block. The first two were performed with a 27-
gauge Quincke needle and bone was encountered each
time. The final pass was undertaken with a 25-gauge
Quincke needle. No blood was aspirated or detected dur-
ing any of the needle placements. Fortunately, the woman
made a full recovery from her paraparesis without surgical
decompression. Moreover, the concurrent use of ketorolac
and LMWH has been implicated in three reports of spi-
nal/epidural hematoma formations in conjunction with
an axis anesthesia.9 Two of these hematomas occurred
immediately after the removal of an epidural catheter;
therefore Litz and colleagues15 warn that epidural catheter
removal may be just as risky as catheter placement in
regard to epidural hematoma formation in patients receiv-
ing anticoagulation or antiplatelet therapy.

A 1995 case report by Heye17 presents a patient who
was taking ASA 250 mg/day and who developed an epi-
dural hematoma following spinal trauma. It was sug-
gested by Heye17 that while ASA did not cause the
bleed, it did have a major impact on the extent of the epi-
dural bleed. Finally, a more recent case report by Hyder-
ally18 describes a patient with ankylosing spondylitis
who was undergoing total hip replacement and who was
started on ASA for postoperative thromboprophylaxis.
This patient subsequently developed a thoracic epidural
hematoma 36 hours postoperatively. More important, this
thoracic-level epidural hematoma extended from T-5 to
T-10, which was quite distant from the lumbar epidural
catheter tip, which was confirmed by an MRI study to
lie at L-2/L-3. Hyderally18 concluded that the hematoma
was not caused by the lumbar epidural catheter place-
ment, but that it occurred spontaneously, possibly as the
result of concurrent ASA therapy and the patient’s pri-
mary disease of ankylosing spondylitis.

Areas of Uncertainty about Continuing COX-1
NSAIDs before the Placement of an Axis
Anesthetic

Although Urmey and Rowlingson9 believe that there is a
minimal risk of spinal hematoma formation when preop-
erative antiplatelet therapy has been administered with
either aspirin or another COX-1 NSAID, they question
the conclusions reached by the Horlocker study12 because
it was their belief that the study lacked adequate statistical
power to conclude that there was no increased risk of spi-
nal/epidural hematoma formation in patients taking a
COX-1 NSAID. This may be particularly true for aspirin
administration before the placement of an axis anesthetic.9

They point out that while no hematomas were detected in
the study, fewer than 500 patients received both a spinal
axis anesthetic and either aspirin or a COX-1 NSAID.
Using Tryba’s estimated incidence of spinal hematoma
formation of 1:150,000 to 1:220,000,13 one would need a
study involving almost 200,000 patients to achieve ade-
quate power, and then there would only be an 80% prob-
ability of detecting a tenfold increase in the frequency of
hematoma formations in patients receiving both a neurax-
ial block and antiplatelet therapy.9 Moreover, none of
the patients in the Horlocker study12 had received either
the thienopyridines (ticlopidine and clopidogrel) or the
newer platelet antagonists, platelet GP IIb/IIIa agents
such as abciximab, eptifibatide, and tirofiban, in the pre-
operative period. Finally, the most recent Horlocker
study10 probably also lacks the statistical power to reach
the conclusion that epidural steroid injections are probably
safe in patients receiving aspirin and other COX-1 NSAIDs.
Horlocker and colleagues10 acknowledge that the rarity of
spinal hematoma makes it impossible to make definitive
conclusions on the safety of epidural steroid injection in
patients who are also receiving NSAID therapy.

Another area of controversy is the use of bleeding time for
determining if it is safe to place a spinal or an epidural anes-
thetic in a patient who has been taking ASA in the preopera-
tive period. Hindman and Koka19 do not believe that
bleeding time is a reliable indicator of platelet function.
Although the bleeding timemayquickly normalize after aspi-
rin ingestion, platelet function as measured by platelet
response to adenosine diphosphate (ADP) or epinephrine
may take up to a week to return to normal. Measurement of
Ivy bleeding time before the placement of a spinal or an
epidural anesthetic is not indicated and is of little value.12
Cyclooxygenase-2 Nonsteroidal
Antiinflammatory Drugs (COX-2 NSAIDs)

The cyclooxygenase-2 specific inhibitors (COX-2 NSAIDs)
are essentially devoid of platelet-altering activity. The
COX-2 inhibitor valdecoxib (Bextra) is 28,000-fold more
selective against COX-2 than COX-1.20 In early clinical trials
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valdecoxib did not affect platelet function.21 The same is
true for the older COX-2 agents celecoxib (Celebrex)22 and
rofecoxib (Vioxx).23 However, the aforementioned informa-
tion is now a moot point because celecoxib is the only
remaining COX-2 inhibitor on the market today in North
America.

Antiplatelet Drugs

Thienopyridines (Ticlopidine and Clopidogrel) Inhibit
Platelet Function

Ticlopidine (Ticlid) is a long-lasting inhibitor of both pri-
mary and secondary phases of platelet aggregation
induced by ADP, collagen, thrombin, arachidonic acid,
prostaglandin endoperoxidase, and thromboxane A2–like
substances.24,25 Ticlopidine’s effect on platelet function is
irreversible, and the drug’s action lasts for the lifetime of
the platelet.26 However, prolonged bleeding time is nor-
malized within 2 hours following the intravenous admin-
istration of methylprednisolone (20 mg) or the transfusion
of platelets.26 The drug is indicated for reducing the risk
of thrombotic events in patients who have experienced
stroke precursors and who are also intolerant to aspirin.26

Clopidogrel (Plavix) irreversibly inhibits platelet aggre-
gation by selectively binding to adenylate cyclase–coupled
ADP receptors on the platelet surface.27 Furthermore,
by blocking the ADP receptor clopidogrel inhibits the bind-
ing of fibrinogen to the glycoprotein GP IIb/IIIa receptor.27

Clopidogrel has almost completely replaced ticlopidine
because it has a wider therapeutic index, has a reduced
side-effect profile, and is more efficacious than ticlopidine
at accepted clinical dosing parameters.

Ticlopidine prolongs template bleeding time.26 It also
displays nonlinear pharmacokinetics and its clearance
decreases markedly with repeated dosing. The half-life
after a single 250 mg oral dose is 12.6 hours, but with
repeated dosing at 250 mg bid the elimination half-life
rises to 4 to 5 days.26

Ticlopidine has been implicated as the medication that
caused a spinal hematoma in a 70-year-old woman who
was having her toe amputated.28 Ticlopidine was admi-
nistered for 10 days before surgery, but it was stopped
just before the surgery. She had several unsuccessful
attempts at placing a spinal block with a 23-gauge needle
in the lumbar region, and she ultimately received a gen-
eral anesthetic. On the sixth postoperative day the patient
developed muscle weakness in both legs. On postopera-
tive day 8 she received a cervical myelogram that showed
an extramedullary block below the level of T-10. She
underwent an emergency laminectomy and a hematoma
was evacuated from the subarachnoid space. The clot
extended from T-10 to L-5. She remained paralyzed fol-
lowing the laminectomy and expired the next day. This
is the only case report that implicates ticlopidine as the
offending agent in a patient who developed a spinal
hematoma following spinal axis blockade.28

The elimination half-life of orally administered clopi-
dogrel is only 7.7 hours following a single 75 mg dose,27

but the irreversible platelet inhibition persists for several
days after withdrawal of the drug and diminishes in pro-
portion to platelet renewal.29 Clopidogrel is 40 to 100
times more potent than ticlopidine,30 and bleeding times
are significantly prolonged at 1 hour following the admin-
istration of a single oral loading dose of 375 mg.27

Clopidogrel was implicated as one of the agents that
may have led to the development of a cervical epidural
hematoma in a patient who had received a cervical epidu-
ral steroid injection.31 He was taking several antiplatelet
medications just before block placement (diclofenac, clopi-
dogrel, and aspirin). Quadriparesis developed 30 minutes
after the performance of a cervical epidural steroid injec-
tion, and he did not regain lower extremity function after
his C-3/T-3 hematoma was surgically evacuated. There is
no case report in the literature that implicates clopidogrel
alone as the causative agent in the production of a post–
neuraxial block spinal hematoma. The aforementioned
epidural case report31 highlights the fact that the effects
of clopidogrel plus aspirin are additive and they may
even be synergistic depending on the method one uses
to ascertain platelet function. This may explain why car-
diac surgical patients who have received this drug combi-
nation appear to have excessive bleeding32-34 and why it
would seem prudent to refrain from placing neuraxial
blocks on patients who have received this drug combina-
tion without waiting the 7-day drug-free period of time
suggested by the ASRA guidelines.1

Platelet Glycoprotein IIb/IIIa Antagonists

The identification of the platelet glycoprotein IIb/IIIa
receptor, a fibrinogen receptor important for platelet
aggregation, has led to the development of platelet recep-
tor antagonists.35 Activated glycoprotein IIb/IIIa receptors
become receptive to fibrinogen, and when fibrinogen
binds to the glycoprotein IIb/IIIa receptors located on
two different platelets it builds the cross-links for plate-
let-to-platelet aggregation.36 The glycoprotein IIb/IIIa also
mediates platelet adhesion and spreading.35

Abciximab is a monoclonal antibody that binds nonspe-
cifically to the glycoprotein IIb/IIIa receptor.35 The bind-
ing of abciximab to the platelet IIb/IIIa receptor is a rapid
high-affinity interaction, and all the receptors are blocked
within 15 minutes following the parenteral administration
of a bolus dose of 0.25 mg. The biologic half-life of abcixi-
mab is approximately 12 to 24 hours, but 24 hours after
administration 50% to 60% of the platelet receptors are still
blocked.37 Abciximab can be detected on circulating plate-
lets for more than 15 days, indicating platelet-to-platelet
transfer.35 Abciximab cannot be effectively reversed with
the transfusion of platelets because the new platelets are
inactivated by the free-circulating monoclonal antibody or
platelet-to-platelet transfer of the drug. Platelet function
recovers over the course of 48 hours due to platelet turn-
over.35 Abciximab prolongs activated clotting time (ACT)
by 30 to 80 seconds, and the activated partial thromboplas-
tin time (aPTT) is also prolonged.35 Comparative studies
have shown that abciximab is superior to the other agents
in preventing ischemic complications following percutane-
ous coronary interventions.38 However, its potent inhibi-
tion of platelets also renders it likely to cause increased
episodes of major bleeding.39

Eptifibatide is a small cyclic heptapetide.35 The drug
sits in the binding pocket between the IIb and IIIa arms
of glycoprotein IIb/IIIa and prevents the binding of
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fibrinogen and thrombus formation.40 Eptifibatide has a
plasma half-life of 2.5 hours, with a rapid onset of action
and a rapid reversibility of platelet inhibition.35 Four
hours after the termination of an eptifibatide infusion
platelet aggregation recovers to approximately 70% of
normal and there is normal hemostasis.41 The majority of
the drug is eliminated by renal clearance.35 Eptifibatide
prolongs ACT by 40 to 50 seconds, but it has no effect
on prothrombin time (PT) or aPTT.35

Tirofiban is a tyrosine derivative.35 Tirofiban occupies the
binding pocket on the glycoprotein IIb/IIIa receptor and
competitively inhibits platelet aggregation mediated by
fibrinogen and von Willebrand factor.41 It is given via an
intravenous infusion and the plasma half-life is approxi-
mately 1.5 to 2.5 hours.35 Greater than 70% of tirofiban is
cleared by biliary elimination.35 The remainder is eliminated
by renal excretion and the drugmay be removed by hemodi-
alysis.35 The ACT is prolonged by 40 to 50 seconds.41

There are no known case reports of a spinal/epidural
hematoma forming as the result of spinal axis blockade
being performed in a patient who was simultaneously
being treated with a glycoprotein IIb/IIIa antagonist.
However, two studies show that patients who were using
glycoprotein IIb/IIIa medications and required emer-
gency cardiac surgery were at increased risk of having
major bleeding compared with patients having elective
surgery.42,43 Eleven consecutive patients who were taking
abciximab and required emergency cardiac surgery after
failed angioplasty or stent placement were randomized
into two groups.43 Group-1 patients (n ¼ 6) had taken
the last dose of abciximab 12 or less hours before surgery,
and group-2 patients (n ¼ 5) had taken it more than
12 hours before their surgery. Group-1 patients required
20 packs of platelets to control bleeding, whereas group-2
patients did not require any platelets (p <0.02). Group-1
patients also required more packed erythrocyte transfu-
sions (6 versus 0, p <0.02). The results of the Gammie
study43 are outlined in Table 50-2.
Table 50-2 Abciximab and Emergency Cardiac
Surgery*

p <0.02, Group 1 vs.
Group 2 N

Number
Packs
Platelets

Number
Packs
Packed Cells

Group 1: Last dose
abciximab <12 hours
before surgery

6 20 6

Group 2: Last dose
abciximab >12 hours
before surgery

5 0 0

*Results from a study by Gammie and colleagues43 showing it is imperative
that one attempt to delay emergent surgery for at least 12 hours following
the administration of abciximab. The Gammie study does not attempt to
ascertain the safety of placing a spinal or an epidural block in a patient
who has received abciximab.
GUIDELINES FOR PERFORMING A SPINAL
AXIS ANESTHETIC IN PATIENTS WHO ARE
RECEIVING ASPIRIN OR A COX-1 NSAID

The American Society of Regional Anesthesiology and
Pain Medicine (ASRA) provides the following guidelines
for the anesthetic management of patients who are receiv-
ing aspirin or a COX-1 NSAID and in whom a spinal axis
block is planned.1
The ASRA Guidelines1

1. NSAIDs appear to represent no added significant risk
for the development of spinal hematoma in patients
having epidural or spinal anesthesia. The use of
NSAIDs alone does not create a level of risk that will
interfere with the performance of neuraxial blocks.

2. At this time, there do not seem to be specific concerns
as to the timing of single-shot or catheter techniques
in relationship to the dosing of NSAIDs, postopera-
tive monitoring, or the timing of neuraxial catheter
removal.

The guidelines promulgated by both the German Soci-
ety of Anesthesiology and Intensive Care Medicine and
the Spanish Consensus Forum are quite different.2,3 Both
of these societies believe that there is a risk of hematoma
formation when these agents are used in the perioperative
period and they mandate a free interval of 1 to 2 days
after the last administration of COX-1 NSAIDs and at least
a 3-day interval without aspirin or aspirin-containing
medications before neuraxial blocks are performed or epi-
dural catheters are removed.2,3

The European Society of Regional Anesthesia (ESRA) is
in the process of developing a set of guidelines for the per-
formance of neuraxial anesthesia in patients who are
receiving aspirin or another COX-1 NSAID. The ESRA
guidelines will likely replace the older German Society of
Anesthesiology and Intensive Care Medicine and the
Spanish Consensus Forum guidelines.

The Spanish guidelines are quite rigid and they are the
ones that express an emphasized concern about the long-
term antiplatelet effects of aspirin.3 These guidelines pro-
vide the following information about aspirin and other
NSAIDs: acetylsalicylic acid is the best-studied NSAID
and its antiaggregation effect is by COX-1 inhibition. This
platelet inhibition is irreversible and its action lasts the
entire life of the platelet (7 to 10 days), although by the
third to fourth day there are sufficient new platelets to
ensure adequate hemostasis.3 Other NSAIDs such as
meloxicam, sulindac, and nabumetone have a prolonged
half-life; however, due to their mild or limited antiplatelet
effect they can be continued up to 12 hours before the
procedure.
The Spanish Consensus Forum Guidelines3

1. Regional anesthesia should be avoided in patients on
multiple antiplatelet drugs.

2. Rule out the presence of any drug-related coagulopa-
thy. Neuraxial anesthesia is not recommended when
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there is a platelet count below 50,000 or when there is
platelet dysfunction.

3. Elective surgery should be delayed if the patient is taking a
potent NSAID. In such cases one should switch the
patient to a different class of NSAID with a more moder-
ate or mild antiplatelet effect (thesemore moderate plate-
let-inhibitingmedications are not named in the guidelines
but are construed to mean ibuprofen, naproxyn, or a
COX-2 agent) several days before surgery.

One of the authors on the German Society of Anesthesi-
ology and Intensive Care Medicine guideline project is
Vandermeulen. In his extensive review of the literature on
the effects of anticoagulants on the risk of spinal-epidural
hematoma formation,14 he suggests that aspirin or NSAID
therapy should be restarted only after epidural (or sub-
arachnoidal) catheter removal. Furthermore, the bleeding
time may give some supplemental information if aspirin
or nonaspirin NSAIDs have been taken in the days (aspirin,
7 to 8 days; nonaspirin NSAID, 1 to 3 days) before sur-
gery.14 This position is reflected in the German Society of
Anesthesiology and Intensive Care Medicine guidelines.2

Hindman and Koka19 do not believe that bleeding time is
a reliable indicator of platelet function, and Horlocker and
colleagues12 do not believe that there is any indication for
the measurement of Ivy bleeding time before the placement
of a spinal or an epidural anesthetic.

The German Society of Anesthesiology and
Intensive Care Medicine Guidelines2

1. An interval of at least 3 days without the ingestion of
aspirin-containing medications must be maintained
before central neuraxial blocks should be performed
or epidural catheters should be removed.

2. An interval of 1 to 2 days should be maintained after
the administration of all other NSAIDs.

Readers will need to decide for themselves which guide-
lines, ASRA1 or those of the German Society of Anesthesiol-
ogy and Intensive Care Medicine,2 they wish to follow
and which information from the literature they may want
to use to help guide their assessment of the risks involved
in placing a spinal or an epidural block in a patient who is
simultaneously receiving or who has only recently stopped
receiving (the night before surgery) aspirin or a COX-1
NSAID. However, it must be pointed out that there is little
evidence to support the conclusions and guidelines that
have been reached by the two aforementioned societies.2,3

However, the concerns raised by both the German Society
of Anesthesiology and Intensive Care Medicine2 and the
Spanish Consensus Forum3 should heighten one’s awareness
that there may be potential risks associated with the concur-
rent administration of aspirin and other NSAIDs in patients
who are about to receive a neuraxial block or who will have
an epidural/spinal catheter removed. Unfortunately, the
exact nature of these risks is unknown at this time. These con-
cerns are also indirectly reflected by the ASRA Consensus
Panel experts.1,9 These experts are not concerned about the
risks of spinal/epidural hematoma formation when aspirin
is used before the placement of a spinal axis anesthetic.

Finally, a complete patient history and physical exami-
nation may be the most useful tools in guiding one’s
decision regarding the risk/benefit ratio for the placement
of a neuraxial block in a patient who has not curtailed aspi-
rin or other NSAID therapy before surgery. The identifica-
tion of alterations in health that might contribute to
bleeding is crucial. These conditions include a history of
easy bruisability/excessive bleeding, female gender, and
increased age.1

GUIDELINES FOR PERFORMING A SPINAL
AXIS ANESTHETIC IN PATIENTS WHO ARE
RECEIVING A COX-2 NSAID

The American Society of Regional Anesthesia and Pain
Medicine is the only group that provides guidelines for
the anesthetic management of patients who are receiving
a COX-2 NSAID.1

The ASRA Guidelines1

1. Cyclooxygenase-2 inhibitors have minimal effect on
platelet function and should be considered in patients
who require antiinflammatory therapy in the presence
of antithrombotic therapy.

GUIDELINES FOR PERFORMING A SPINAL
AXIS ANESTHETIC IN PATIENTS WHO ARE
RECEIVING A THEINOPYRIDINE

The American Society of Regional Anesthesia and Pain
Medicine is the only group that provides any guidance
for the placement of spinal/epidural neuroblockade in
patients who are receiving a theinopyridine.1

The ASRA Guidelines1

1. Ticlopidine should be discontinued 14 days before
surgery.

2. It is recommended that clopidogrel be stopped 7 days
before surgery.

Benzon and colleagues31 recommend that neuraxial
blocks be postponed for 5 to 7 days in patients who are
receiving several antiplatelet drugs. The manufacturer of
ticlopidine suggests that ticlopidine be stopped 10 to 14 days
before elective surgery.26 The general recommendation is
that clopidogrel should be stopped 7 days before surgery.1

GUIDELINES FOR PERFORMING A SPINAL
AXIS ANESTHETIC IN PATIENTS WHO ARE
RECEIVING A GLYCOPROTEIN IIB/IIIA
ANTAGONIST

The American Society of Regional Anesthesia and Pain
Medicine is the only society that provides any guidelines
for the anesthetic management of patients who are receiv-
ing a glycoprotein IIb/IIIa antagonist.1

The ASRA Guidelines1

1. Abciximab should be discontinued 48 hours before
surgery.
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2. It is recommended that eptifibatide and tirofiban be
stopped 8 hours before surgery.

The guidelines also warn that the increase in periopera-
tive bleeding noted in patients undergoing cardiac and vas-
cular surgery after having received a glycoprotein IIb/IIIa
antagonist warrants concern about the risks of spinal
hematoma formations, should one believe that either spinal
or epidural anesthesia is strongly indicated. Furthermore,
Kam and Egan35 indicate that literature concerning the
safety of performing central neuraxial regional blockade
(spinal or epidural anesthesia) in patients who have
recently received a glycoprotein IIb/IIIa inhibitor is not
available. Avoiding spinal or epidural anesthesia in these
patients would appear to be wise.

Finally, assessing platelet function using platelet turbido-
metric aggregometry or platelet function analyzer PEA-100
may be useful in patients who have received a glycoprotein
IIb/IIIa antagonist before anesthesia and surgery.35Unfortu-
nately, neither of these tests is readily available.
AUTHORS’ RECOMMENDATIONS

The authors agree that cyclooxygenase-2 inhibitors have minimal
effect on platelet function and the available evidence in the litera-
ture supports the contention that there is no reason to withhold
COX-2 therapy before placing a neuraxial block or before the
removal of either a spinal or an epidural catheter.

The development of a spinal/epidural hematoma is a rare
event. Tryba13 identified 13 cases of spinal hematoma following
850,000 epidural anesthetics and 7 cases involving 650,000 spinal
blocks. Based on these observations he calculated the incidence of
hematoma formation to be about 1 in 150,000 epidural blocks and
1 in 220,000 spinal anesthetics.13 As such, none of the studies to
date has a large enough patient population to predict with any
degree of certainty that there is no risk of hematoma formation
when one continues to use COX-1 NSAIDs before surgery, and
there are divergent opinions on this topic. The German Society of
Anesthesiology and Intensive Care Medicine and the Spanish Con-
sensus Forum both believe that there is a risk of hematoma forma-
tion when these agents are used in the perioperative period. Both
these groups mandate a free interval of 1 to 2 days after the last
administration of COX-1 NSAIDs and at least a 3-day interval
without aspirin or aspirin-containing medications before neuraxial
blocks are performed or epidural catheters are removed.2,3 On the
other hand, the American Society of Regional Anesthesia does
not believe that there is any risk and that cases should proceed as
scheduled if patients without other risk factors are to undergo sur-
gery and they have continued to take aspirin or another COX-1
NSAID in the perioperative period.1 The ASRA position is sup-
ported by intuitive logic. Annually, millions of people worldwide
undergo elective surgery who have continued to consume aspirin
and other COX-1 NSAIDs, and the incidence of hematoma forma-
tion is almost nonexistent in this patient population.12 More impor-
tant, it would appear that we have come “full circle” in that many
orthopedic surgeons now believe that the combination of ASA, epi-
dural anesthesia, and early ambulation may be the anticoagulation
protocol of choice for total joint arthroplasty.4,5

There appears to be no risk of hematoma formation in patients
who continue to ingest COX-2 NSAIDs in the perioperative period,
and surgery in such patients should proceed as scheduled.1

There is a substantial risk of hematoma formation in patients
who have consumed either ticlopidine or clopidogrel in the pre-
operative period. Only the American Society of Regional
Anesthesia offers guidelines for the management of this group of
patients.1 In brief, ticlopidine should be stopped 14 days before
surgery and there should be a 7-day drug-free window following
the last ingestion of clopidogrel.1

Finally, there is also a substantial risk of hematoma formation
in patients who have used a platelet glycoprotein IIb/IIIa agent
before placement of a spinal/epidural block or catheter removal.
Although there are no direct reports of this having occurred in
any patient, this position was derived from the cardiac surgery lit-
erature.42,43 In brief, abciximab should be discontinued 48 hours
before surgery, and eptifibatide and tirofiban should be stopped
8 hours before surgery.1
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 The Best Approaches to
Prophylaxis against DVT
Formation When Using a
Combination of Neuraxial
Anesthesia and One of the
Heparins

Lynn M. Broadman, MD
INTRODUCTION

Many patients undergoing surgery benefit from spinal
axis anesthesia and analgesia. To this end postoperative
epidural analgesia provides many advantages over paren-
teral opioids, especially for patients undergoing lower-
extremity orthopedic procedures; vascular, urologic, and
gynecologic surgeries; and many cardiac and thoracic sur-
gical procedures.1-4 These benefits include improved pain
relief, a decreased incidence of cardiopulmonary complica-
tions,3 and reduced blood loss and the need for periopera-
tive transfusions.5,6 Numerous studies have documented
the safety of spinal axis anesthesia and analgesia in the
anticoagulated patient.3,7-13 Spinal and continuous epidural
infusion techniques provide effective operative and postop-
erative pain control, and frequently eliminate problems
associated with general anesthesia.1 However, there are
some caveats to the use of neuraxial anesthesia. Many sur-
gical patients require preoperative deep vein thrombosis
(DVT) prophylaxis, or they will receive DVT prophylaxis
in the postoperative period. More importantly, some car-
diac and vascular procedures may even require that the
patient receive significant intraoperative anticoagulation.

There are valid concerns surrounding the placement of
a spinal axis anesthetic in an anticoagulated patient.14-17

The placement of spinal access blocks can lead to the for-
mation of spinal and epidural hematomas, and the inci-
dence of this catastrophic complication is increased if the
patient is anticoagulated.14,18 The safe management of
patients who will be receiving a neuraxial block and peri-
operative anticoagulation therapy can be improved by
coordinating the timing of needle placement and catheter
removal with the administration of the anticoagulant.19

Familiarity with the pharmacology of the heparins, as
well as other hemostasis-altering drugs; knowledge of
the literature pertaining to patients receiving spinal axis
anesthesia while using these drugs; and the use of perti-
nent case reports can help guide the clinician in the man-
agement of these very special patients. The reasons for
anticoagulating these patients are quite valid.20,21 The reasons
for preventing DVT/venous thromboembolism (VTE) and
acute pulmonary embolism (PE) are obvious and critical
to the provision of quality patient care.21 In addition, vessel
and graft patency are frequently dependent on adequate anti-
coagulation during both the intraoperative and postoperative
periods.Finally,cautionmustbeusedto individuallyriskstrat-
ify each patient when considering the use of a neuraxial axis
anesthetic in the presence of perioperative anticoagulation.

In this chapter we present a synopsis of the American
Society for Regional Anesthesia (ASRA) Consensus Guide-
lines from 1998,22,23 2003,24 and the proceedings of the 2007
Consensus Conference25 for the use of spinal axis anesthe-
sia techniques in patients who are receiving or will be
receiving either unfractionated heparin (UH) or low-molec-
ular-weight heparin (LMWH) in the perioperative period.
We also present the current European thoughts and proto-
cols regarding this issue and discuss how they differ from
the North American guidelines.
THE CLINICAL RATIONALE FOR
THROMBOPROPHYLAXIS AND THE RELATED
HISTORICAL DATA

The rationale for thromboprophylaxis stems from the high
prevalence of VTE among postsurgical patients; the inci-
dence can run as high as 80% in patients undergoing total
knee replacement (TKR) who are not receiving anticoagu-
lation therapy.26 The clinically silent presentation of the
disease in most patients, and the morbidity and mortality
frequently encountered when a VTE occurs, makes it imper-
ative that all patients undergoing TKR, total hip replacement
343
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(THR), hip fracture surgery (HFS), and certain abdominal
and pelvic procedures receive DVT anticoagulation ther-
apy.26,27 Pulmonary embolism produces few specific symp-
toms and the presence of this devastating complication is
often silent. Moreover, the clinical diagnosis of PE is very
unreliable.28-30 The first presentation of a VTEmay be a cata-
strophic PE,21,26 which requires that a preventive rather than
a screening approach be taken to properly address the DVT/
PE problem.27 Routine screening of patients in the postopera-
tive period for DVT and VTE has not been demonstrated to
reduce the frequency of clinically significant outcomes such
as VTE and PE,27 and has been shown to be cost-prohibitive
when comparedwith routine prophylactic regimens.28,29,31-36

Historical data derived from clinical trials and cohort
studies provide practitioners with a base of information on
the incidence of acute VTE associated with major orthopedic
surgery on the lower extremities and other procedures, as
well as relative information to help guide one’s decisions on
the implementation of thromboprophylaxis. The world stan-
dard test for the detection of postoperative DVT is contrast
venography performed on the seventh to fourteenth postop-
erative day.32 When one uses these methods on control
patients, the prevalence of DVT at 7 to 14 days after TKR,
THR, andHFS is about 50% to 60%.26 In lower-extremity pro-
cedures it is usually the operative leg that is affected, but the
nonoperative legmay be affected in about 20%of cases.26 The
standards for the detection of PE are either a ventilation-
perfusion study, a spiral computed tomography (CT) scan,
arteriography, or a postmortem examination.37,38 The inci-
dence of asymptomatic PE is lesswell defined. In studies rou-
tinely using ventilation-perfusion scans, 7% to 11% of THR
and TKR patients had a high probability of PE as determined
by scans performed on postoperative days 7 to 14.26 Acute
VTE and PE also occur after hospital discharge in a clinically
significant number of patients. Venography studies show
that in patients not receiving thromboprophylaxis, 10% to
20% will develop a DVT and 6% will develop an intermedi-
ate-to-high probability ventilation-perfusion scan, suggestive
of subclinical PE at 4 to 5 weeks after discharge.26

The bottom line is that the risk of a patient developing an
adverse event in the postoperative period such as myocar-
dial infarction, DVT, or PE increases with age, and the
elderly, particularly women over age 80, are at significant
risk.39 These data suggest that the risk of developing a
VTE is substantial, be it a DVT or PE, without thrombopro-
phylaxis. As previously mentioned, the potential severity
of a VTE, and the difficulty and expense of screening for it
postoperatively, warrants some type of thromboprophy-
laxis for all patients undergoing major lower-extremity
orthopedic surgery.26,38 Again, this chapter focuses on the
relationships and benefits of spinal axis anesthesia in the
patient requiring DVT prophylaxis. The areas of focus are
limited to pharmacologic methods of thromboprophylaxis
and there is no discussion of the availablemechanicalmeth-
ods for reducing the incidence of VTE.
THE HEMOSTATIC PROCESSES

Understanding the mechanisms of the hemostatic cascades
is important if one is to fully understand how anticoagulants
work and the implications of their use in patients receiv-
ing spinal axis anesthetics. Because of space limitations,
this chapter provides only a general overview of these
intricate systems and focuses primarily on the intrinsic
pathway; it is primarily this pathway that is altered by
the heparins. The blood clotting system, or coagulation
pathway, is a proteolytic cascade. Each enzyme of the
pathway is present in the plasma as a zymogen, an inac-
tive form, which on activation undergoes proteolytic
cleavage to release the active factor from the precursor
molecule. The pathway functions through both positive
and negative feedback loops that control activation of this
process. The ultimate goal of the pathway is to produce
thrombin, which then converts soluble fibrinogen into
fibrin, which in turn facilitates clot formation. The gener-
ation of thrombin can be divided into three phases: the
intrinsic and extrinsic pathways that provide alternative
routes for the generation of factor X, and the final com-
mon pathway that results in thrombin formation.40

The intrinsic pathway is activated when blood comes
into contact with subendothelial connective tissue. Quan-
titatively the intrinsic pathway is the more important of
the two pathways, but it cleaves fibrin more slowly than
does the extrinsic pathway.41 The Hageman factor (factor
XII), factor XI, prekallikrein, and high-molecular-weight
kininogen (HMWK) are involved in the activation of this
pathway. The first step is the binding of factor XII to a
subendothelial surface exposed by an injury. A complex
of prekallikrein and HMWK interacts with the exposed
surface in close proximity to the bound factor XII, which
becomes activated. Activated factor XII in turn activates
prekallikrein. The kallikrein produced by the aforemen-
tioned process can then cleave factor XII, and a further
amplification mechanism is triggered. The activated factor
XII activates factor XI, the next step in the intrinsic path-
way, which to proceed efficiently requires calcium ions.
Also involved at this stage is HMWK, which binds to fac-
tor XI and facilitates the activation process.42 Eventually
the intrinsic pathway activates factor X, a process that
can also be brought about by the extrinsic pathway.43 Fac-
tor X is the first molecule of the common pathway and is
activated by a complex of molecules containing activated
factor IX, factor VIII, calcium, and phospholipid, which
is provided by the platelet surface where this reaction
usually takes place. The precise role of factor VIII in this
reaction is not clearly understood. However, its presence
in the coagulation cascade is obviously essential, as evi-
denced by the serious consequences of factor VIII defi-
ciency experienced by hemophiliacs. Factor VIII is
modified by thrombin, a reaction that results in greatly
enhanced factor VIII activity, which in turn promotes the
activation of factor X.

The extrinsic pathway is an alternative route for the
activation of the clotting cascade. It provides a very rapid
response to tissue injury, generating activated factor X
almost instantaneously; on the other hand, the intrinsic
pathway requires seconds or even minutes to activate fac-
tor X. The main function of the extrinsic pathway is to
augment the activity of the intrinsic pathway.40 The intrin-
sic and extrinsic systems converge at factor X to form the
final common pathway, which is ultimately responsible



Chapter 51 The Best Approaches to Prophylaxis against DVT Formation 345
for the production of thrombin (factor IIa).40 The end
result, as mentioned earlier, is the production of thrombin
for the conversion of fibrinogen to fibrin.

How Do the Heparins Interrupt the Coagulation
Cascade?

Simply stated, the heparins all work primarily by inhibiting
the intrinsic limb of the coagulation pathway. A large por-
tion of the clinical effects of both UH and LMWH occurs
through enhancement of the antithrombotic action of anti-
thrombin III (ATIII), an important endogenous inhibitor of
coagulation that acts primarily by inactivating factor IIa
and factor Xa.44 The fundamental biologic difference
between UH and LMWH stems from the relative potency
of the drug to accelerate the basal rate of ATIII-mediated
IIa and Xa inactivation.45 Unfractionated heparin enhances
the inactivation of both IIa and Xa, whereas LMWH pre-
dominantly catalyzes factor Xa inactivation. The specific
mechanism of action of both UH and LMWH will be dis-
cussed within the sections dedicated to them later in this
chapter.

Monitoring of Anticoagulation in Patients
Receiving Heparin Therapy

Monitoring of the level of therapeutic anticoagulation in
patients receiving UH is achieved via the activated partial
thromboplastin time (aPTT). In the aPTT test, a contact
activator is used to stimulate the production of XIIa by
providing a surface for the activation of HMWK, kalli-
krein, and factor XIIa. The contact activation is allowed
to proceed at 37�C for a specified period of time. Calcium
is then added to trigger further reactions, and the time (in
seconds) required for clot formation is measured. Phos-
pholipids are required to form complexes, which activate
factor X and prothrombin. Normal values on the aPTT
range from 24.3 to 35.0 seconds.46

The aPTT does not specifically measure anti-Xa activ-
ity, and there is little correlation between anti-Xa activity
and aPTT levels.47 Therefore aPTT is not generally used
to monitor LMWH therapy. Because of the very predict-
able plasma levels obtained when one administers LMWH
subcutaneously and the lack of correlation between
LMWH plasma levels and aPTT and anti-Xa values, one
should not attempt to monitor LMWH therapy with either
of these laboratory studies. However, in cases of renal
insufficiency and obesity monitoring may be justified.48

Unfortunately, the anti-Xa level assay is only available at
a few medical centers in North America.

What Is the Risk of Spinal/Epidural Hematoma
Formation in the Anticoagulated Patient
Undergoing Neuraxial Anesthesia?

Bleeding is a recognized complication associated with the
placement of a regional anesthetic block in the anticoagu-
lated patient.49 However, the most significant risk is the
development of a spinal axis hematoma.50 The true inci-
dence of neurologic complications caused from bleeding
following spinal axis anesthesia is unknown; however,
the reported incidence is estimated to be less than 1 per
220,000 with spinal anesthesia and less than 1 per
150,000 with epidural anesthesia.12

A review of the 61 previously reported spinal hema-
toma formations in patients receiving neuraxial anesthesia
between 1906 and 1994 was published in 1994 by Vander-
meulen and colleagues.14 In addition, the authors dis-
cussed the following possible risk factors14:

1. At the timeof anesthetic administration, 42 of the 61 (68%)
patients developing spinal hematomahad impaired coag-
ulation. In 25 of 42 of the cases, some formof heparin ther-
apy was present. An additional 5 of 42 patients had
undergone a major vascular procedure in which heparin
was likely used, but not reported. The remaining 12 of
42 patients had a variety of medical conditions that could
have produced an impairment in their ability to form a
quality clot. These conditions included thrombocytope-
nia, hepatic dysfunction, and renal insufficiency, or they
had been treated with another anticoagulant/antiplatelet
agent at the time the bleeding occurred.

2. The needle placement was reported as difficult in 15 of
61 patients (25%) and/or it was bloody in another 15
(25%) of the cases.

3. Multiple punctures were reported in 12 of 61 (20%) of
the cases.

4. Pregnancy was noted in 5 of 61 (8%) of the cases.
5. Anatomic abnormalities, such as spina bifida occulta

and vascularized tumor, were noted in 4 of 61 (6.5%)
of the cases.

6. An epidural technique was used in 46 of 61 (75%) of the
cases and an epidural catheter was placed in 32 of 46
(70%). In 15 of 32 (47%) of the epidural catheter cases
the bleed occurred immediately on removal of the
catheter.

7. A spinal technique was involved in 15 (25%) of the cases.

The extensive literature review conducted by Vander-
meulen and colleagues14 has served as the benchmark
for all of us in ascertaining the risks of spinal/epidural
hematoma formation in patients receiving a neuraxial
block and who either have received or will receive medi-
cations that may/will alter their coagulation cascade.
However, the Vandermeulen study14 has two major short-
comings: it is a retrospective review of the literature and
does not evaluate any primary data, and, more important,
probably less than 1 in 10 adverse events that occur are
reported in the literature. More recently, Moen and collea-
gues51 conducted a retrospective review of all central
neuraxial blocks placed in Sweden between 1990 and
1999. The study encompassed two phases. First, a postal
survey letter was sent to the chairperson of all anesthesia
departments in which they were asked to provide the
number of spinal and epidural blocks placed in their
department during 1998. In addition, they were asked to
provide the number of block-related complications that
occurred in their department during the decade 1990-
1999. The specific complications that the study addressed
were epidural hematoma, epidural abscess, meningitis,
and cauda equina syndrome. No patient identification
was sought or used during this study. The researchers
then went to the National Board of Health and Welfare
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(NBHW) and reviewed the quality assurance files asso-
ciated with each complication. By Swedish law all serious
complications must be reported to the NBHW. During the
study period Moen and colleagues51 ascertained that
1,260,000 spinal blocks were performed and 450,000 epi-
dural blocks administered, including 200,000 labor epidu-
ral blocks. As a result of these blocks 127 serious
complications occurred and 85 of 127 of these patients
sustained permanent neurologic damage. There were 33
of 127 spinal axis hematomas. Other serious complications
were cauda equina syndrome (32), meningitis (29), epidu-
ral abscess (13), and miscellaneous (20). The results of the
Moen study51 mirror those of Tryba12 in that the incidence
of complications after epidural blockade are much more
frequent than after spinal blockade. In addition, more
complications than expected were found by Moen and
colleagues.51 The incidence of epidural hematoma forma-
tion association with labor epidural block placement was
quite low (1:200,000) while those placed in women under-
going knee arthroplasty were very high (1:3,600) and mir-
ror the predictions made by Schroeder during the First
ASRA Consensus Conference in 1998.52 Perhaps the most
alarming information reported by Moen and colleagues51

is the fact that “one third of all spinal hematomas were
seen in patients receiving thromboprophylaxis in associa-
tion with a central neuraxial block (CNB) in accordance
with the current guidelines and in the absence of any pre-
viously known risk factors. Consequently, adherence to
the guidelines regarding LMWH and CNB may reduce
but not completely abolish the risk of spinal hematoma
after CNB.” This latter fact is further reinforced by the
case report by Sandhu and colleagues53 in which they
essentially followed the ASRA Guidelines and still had
an epidural hematoma formation occur in their patient
1 day after the removal of her epidural catheter. However,
this author must point out that the patient in the Sandhu
case report had two risk factors. The patient was elderly,
age 79 years, and a female. In brief, the Sandhu article53

reports the placement of an epidural catheter on the third
attempt, hours after the last dose of subcutaneous unfrac-
tionated heparin (UH) 5000 units. The catheter was
removed on the third postoperative day, 6 hours after
the last dose of UH 5000 units. This elderly female patient
developed a symptomatic epidural hematoma the next
day that required surgical evacuation. This patient’s plate-
let count and aPTT were within normal limits at all times.
Sandhu and colleagues53 highlighted the need for all
clinicians to be vigilant about the timing of epidural place-
ment and removal, even in patients on standard-dose UH
therapy, and they encouraged the monitoring of coagula-
tion status.

The alarming information reported by Moen and collea-
gues51 that more than one third of all epidural hematomas
occur in patients in whom all guidelines were followed and
that the incidence of this catastrophic event is still very
likely underreported may be tempered by a recent meta-
analysis by Kreppel and colleagues.54 Kreppel and collea-
gues evaluated 613 case studies published between 1826
and 1996 and ascertained that in about one third of the
cases (29.7%) no etiologic factor could be identified as the
cause of the bleeding. This idiopathic group formed
the largest group of patientswho developed a spinal/epidu-
ral hematoma. Spinal and epidural anesthetics placed in
conjunction with anticoagulation therapy were actually the
fifth most common cause of spinal/epidural hematoma for-
mations, and spinal and epidural anesthesia alone were the
tenth most common etiologic factor. The second largest
group was made up of cases in which the patients were
undergoing anticoagulation therapy (17%). To this end, this
author saw two cases in his pain clinic during the past
decade in which spontaneous epidural hematoma forma-
tions occurred in anticoagulated patients. In both these cases
the patients were referred for the emergent evaluation and
treatment of their severe back pain of sudden onset without
any other symptoms. In both cases grossly abnormal Inter-
national Normalized Ratio (INR) values were noted as the
result of warfarin therapy, and a magnetic resonance imag-
ing (MRI) study showed the presence of an epidural hema-
toma. Neither of these patients had undergone any recent
spinal manipulation or intervention. Unlike Moen and col-
leagues,51 Kreppel and associates54 found elderly men
between 55 and 70 years of age to be at the greatest risk for
the development of spinal hemorrhage. Sixty-four percent
of the patients in the Kreppel series54 were men; however,
the etiologies of the spinal hemorrhages in the Kreppel
study patients were from all causes and not just patients
undergoing total joint replacement under spinal/epidural
anesthesia in conjunction with perioperative anticoagula-
tion, where elderly women are clearly at greatest risk.51,52

Spinal hematoma is a rare and catastrophic complica-
tion associated with both epidural and spinal anesthesia.
It may occur with bleeding into either the epidural space
or the subarachnoid space.11,16,49 The prominent epidural
venous plexus accounts for the majority of hematomas
being formed in the epidural space. In addition, the radic-
ular vessels along nerve roots can bleed either into the
intrathecal or epidural space.11

Spinal hematoma is often occult, delaying both diagnosis
and treatment.16 The presenting symptom of spinal hema-
toma is not always radicular back pain. Vandermeulen and
colleagues14 found the presenting symptoms to beweakness
(46%), radicular back pain (38%), and paresthesia (14%). The
diagnosis is frequently complicated/delayed due to the
residual paresthesia/anesthesia produced by the neuraxial
block. Such delays can be averted by using a short-acting
local anesthetic agent. The use of such agents facilitates
immediate postoperative neurologic evaluation, and, if
abnormal findings are uncovered, appropriate radiographic
studies, if indicated, can thenbe obtained ina timelymanner.
There is certainly a temporal relationship between the onset
of paraplegia, surgical evacuation of hematoma, and recov-
ery (Table 51-1).14,55 Full recovery of neurologic function is
unlikely if surgery is postponed for more than 8 to 12
hours.14 Like the patients in the Vandermeulen series,14

patients in the Kreppel series54 who underwent rapid diag-
nosis and surgical evacuation obtained themost ideal recov-
ery of neurologic function. Thirty-one of 47 patients in the
Kreppel study who received surgical treatment within 12
hours of the onset of their symptoms recovered completely
(66%); more than half of the patients who did not obtain sur-
gical decompression until 13 to 24 hours had elapsed did not
recover any neurologic function.



Table 51-1 Neurologic Outcome* in Patients
with Spinal Hematoma after
Neuraxial Blockade

Interval between
Onset of
Paraplegia and
Surgery

Good
Recovery
(n ¼ 15)

Partial
Recovery
(n ¼ 11)

Poor
Recovery
(n ¼ 29)

Less than 8 hr
(n ¼ 13)

6 4 3

Between 8-24 hr
(n ¼ 8)

2 2 4

Greater than 24 hr
(n ¼ 11)

1 0 10

No surgical
intervention (n ¼ 13)

4 1 8

Unknown (n ¼ 10) 2 4 4

Modified from Vandermeulen EP, Van Aken H, Vermylen J: Anesth Analg
1994;79:1165-1177.

*Neurologic outcome was reported for 55 of 61 cases of spinal hematoma after
neuraxial block.
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CLINICALLY RELEVANT ASPECTS OF
UNFRACTIONATED AND LOW-MOLECULAR-
WEIGHT HEPARIN ADMINISTRATION

Unfractionated heparin was discovered by McLean in
1916 and has been used clinically as an antithrombotic
agent for several decades.56 It is an inexpensive and
highly effective anticoagulant with which one can achieve
graded anticoagulation in a partially dose-dependent
fashion.57 Unfractionated heparin is a highly negatively
charged, water-soluble glycosamine composed of chains
of alternating residues of D-glucosamine and a uronic
acid. It is heterogeneous with respect to molecular weight,
anticoagulant properties, and pharmacokinetics. The vari-
able molecular weight of UH is attributed to the variable
numbers of attached polysaccharide chains, with an aver-
age molecular weight of 15,000 daltons (range of 5000 to
30,000 daltons).58 The major anticoagulant effect of UH is
attributed to a unique pentasaccharide with a high-affinity
binding to ATIII.59 Binding of this pentasaccharide to
ATIII accelerates its ability to inactivate thrombin (factor
IIa), as well as factors IXa, Xa, XIa, and XIIa. Unfractio-
nated heparin catalyzes the inactivation of IIa by ATIII/
heparin complex formation, acting as a template to which
both the enzyme and the inhibitor can bind to form a ter-
nary complex.59 This complex requires a chain length of at
least 18 saccharide units and is the basis for the differ-
ences between LMWH and UH. Unlike UH, LMWH con-
sists of primarily the pentasaccharide sequence and lacks
the long polysaccharide unit required to bind to IIa and
ATIII simultaneously. Thus LMWH has a Xa:IIa affinity
ratio of approximately 3:1 and primarily inactivates Xa.
The inactivation of Xa by ATIII/heparin does not require
ternary complex formation and is achieved by binding of
the enzyme to ATIII.60 The anticoagulant effect of UH
depends on both the number of heparin molecules with
the pentasaccharide chain (Xa inhibition) and the size of
the molecules containing the pentasaccharide sequence
(IIa inhibition).22

Both UH and LMWH are derived from animal sources.
This explains the uncommon, but serious, occurrence of hep-
arin-induced thrombocytopenia and thrombosis (HITT). The
HITT syndrome is an immunoglobulin G (IgG)–mediated
decrease in platelets to below 150,000 that usually occurs 5
days after initiating heparin therapy61 and may be compli-
cated by pathologic thrombosis. In randomized clinical trials
it has been shown to occur at a rate of about 3%.61Warkentin
and colleagues61 found that in a group of 665 patients rando-
mized to receive either UH or LMWH, 9 of the 665 patients
developed HITT. In this study 332 received UH and 333
received LMWH. None of the patients receiving LMWH
developed HITT whereas nine of the patients receiving UH
developed clinically significant HITT (2.7%). Eight of the
nine (89%) who developed HITT also had significant throm-
botic complications. Patients with a history of HITT syn-
drome should not receive LMWH because, as previously
mentioned, it is also derived from animal sources and there
is a high incidence of cross-reactivity. Clinical exposure to
UH is clearly associated with a higher incidence of precipi-
tating HITT syndrome than is LMWH.

Unfractionated Heparin Reversal

Serious bleeding associated with UH therapy may be con-
trolled by the administration of protamine sulfate.
Protamine is a strongly basic protein that binds to and neu-
tralizes heparin.62 Most of the anticoagulant effects of UH
are reversed by equimolar doses of protamine. Protamine
is a positively charged protein derived from salmon sperm.
When administered intravenously (IV) in the presence of
heparin, the positively charged protamine interacts with
the negatively charged portion of the heparin molecule
and forms a stable complex. The long polysaccharide chains
of UH appear to increase attraction to protamine. The dose
of protamine required to fully reverse heparin is 1 mg for
each 100 units of circulating heparin. This dose is decreased
if more than 15 minutes have elapsed since the last heparin
administration.

Low-Dose Subcutaneous UH Therapy: How
Effective Is It at Preventing DVT Formation?

The administration of 5000 units of UH subcutaneously
every 8 to 12 hours has been used extensively and effec-
tively for the prevention of DVT. In a review of 11 trials,
Geerts and colleagues26 found that the overall risk of
DVT in patients undergoing THR was 30% with low-dose
UH, compared with 54% in controls. The therapeutic basis
for low-dose subcutaneous UH therapy is linked to the
inhibition of activated factor X and the fact that the inhibi-
tion of small amounts of Xa prevents amplification of the
coagulation cascade. Thus, only small doses of UH are
required for prophylaxis whereas much larger doses are
needed to treat thromboembolic disease. Maximum anti-
coagulation occurs 40 to 50 minutes after subcutaneous
injection of UH and returns to baseline within 4 to 6
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hours. The aPTT often remains in the normal range, but
wide variances have occurred in individual patients.63

In their 1988 review of the results of randomized trials
in urologic, orthopedic, and general surgery regarding
fatal PE and venous thrombosis, Collins and colleagues64

found that therapy with low-dose subcutaneous UH ther-
apy, dosed at 5000 units 2 hours before surgery and every
8 to 12 hours postoperatively, reduced the risk of DVT by
70% and fatal PE by 50%. However, when comparing the
efficacy of low-dose subcutaneous UH with LMWH, UH
is slightly less effective in the prevention of DVT and
PE. Significant protein binding creates variability in dose
response to UH when compared with LMWH.65

Evidence Regarding the Safety of Neuraxial
Anesthesia in Patients Who Are Receiving or
Will Be Receiving UH

Multiple studies have demonstrated the relative safety of
neuraxial anesthetic techniques in the presence of DVT pro-
phylaxis with low-dose subcutaneous UH, and they have
also demonstrated that there is little increased risk of spinal
hematoma associated with this therapy.8,9,13,66-68 There
are nine published series involvingmore than 9000 patients
who received this therapy without any complica-
tions.9-11,67,69 Allemann and colleagues68 and Lowson and
Goodchild13 similarly reported no cases of spinal hema-
toma in 204 epidural blocks and 119 spinal blocks on
patients who had received 5000 units of UH subcutane-
ously 2 hours before needle placement. The large amount
of data regarding both the safety and the efficacy of subcu-
taneous heparin for DVT prophylaxis in patients under-
going surgery with a neuraxial block suggests that UH is a
reasonable alternative for DVT prophylaxis in patients
undergoing lower-extremity orthopedic procedures, as
well as general, urologic, and gynecologic operations.

There are very few data that would suggest that it is
not safe to administer low-dose UH to patients who have
received or will receive neuraxial anesthesia. There are
currently only three case reports of spinal hematomas fol-
lowing neuraxial block in the presence of low-dose subcu-
taneous UH in the literature, two of which involved a
continuous epidural anesthetic technique.70-72 In one of
these aforementioned case reports, an epidural catheter
was placed despite elevation of the patient’s aPTT. In
another, blood was aspirated from the catheter during
placement. In the last case, multiple attempts at spinal
anesthesia were performed.

Deliberations on the Use of UH from the Third
American Society of Regional Anesthesia
(ASRA) Consensus Conference

The material presented at the Third American Society of
Regional Anesthesia (ASRA) Consensus Conference (Van-
couver, British Columbia, Canada, in April 2007) on the
use of UH in conjunction with neuraxial anesthesia raised
several questions but provided few new answers.25 The
last published guidelines, which were updated as a result
of the Second ASRA Consensus Conference held in
Chicago in spring 200224 with regard to the use of UH in
conjunction with neuraxial anesthesia, remain in effect
and were not superseded or altered in any way by the
deliberations in Vancouver. The results of the Third Con-
sensus Conference should be published in Regional Anes-
thesia and Pain Medicine in summer 2009.

In his update on the use of UH, Rowlingson pointed
out that the surgeons at the University of Virginia are
now using mini-dose heparin 5000 units administered
three times a day (tid) rather than twice daily.25 Rowling-
son further indicated that there are no answers at this time
to the following questions related to the use of tid UH:
Can we safely leave an epidural catheter in place? Should
we monitor platelet count while the catheter is in place?
Should we obtain an aPTT before we remove the catheter
and if so, what do the results mean clinically?

To this end a recent case report by Jooste and collea-
gues at the Children’s Hospital of Pittsburgh73 would sug-
gest that it is safe to place and remove a thoracic epidural
catheter in a pediatric patient who has been receiving
long-term LMWH therapy by strictly adhering to the
ASRA Guidelines. To comply with the 2002 ASRA Guide-
lines,24 we73 stopped the child’s enoxaparin (1.5 mg/kg
every 12 hours) 5 days before surgery and substituted
low-dose tidUH (5000units subcutaneously), and continued
the tid UH into the postoperative period until the catheter
was safely removed on postoperative day 7. The risk of spi-
nal/epidural hematoma formationmay bemuch less in chil-
dren based on the data gleaned from the recent study by
Kreppel and colleagues.54 However, we did follow daily
platelet counts and the child’s aPTT, the results of which
were always in the normal range, and removed his epidural
catheter 6 hours after the last heparin dose. We performed a
neurologic examination every 4 hours for the first 48 hours
and then every 6 hours until 24 hours after the catheter was
safely removed.73

ASRA 2002 Guidelines for Use of Neuraxial
Techniques in Patients Receiving Low-Dose
Subcutaneous UH24

During subcutaneous (mini-dose) prophylaxis, there is no
contraindication to the use of neuraxial techniques. The risk
of neuraxial bleeding may be reduced by delaying the hepa-
rin injection until 1 to 2 hours after the block, and it may be
increased in debilitated patients or after prolonged therapy.
Because heparin-induced thrombocytopeniamay occur dur-
ing heparin administration, patients receiving heparin for
more than 4 days should have a platelet count assessed
before neuraxial block.24

l Avoid neuraxial techniques in patients with other
coagulopathies.

l Heparin administration should be delayed for 1 hour
after needle placement.

l Remove the catheter 1 hour before any subsequent hep-
arin administration or 2 to 4 hours after the last heparin
dose.

l Monitor the patient postoperatively to provide early
detection of motor blockade and consider use of mini-
mal concentration of local anesthetics to enhance the
early detection of a spinal hematoma.

l Although the occurrence of a bloody or difficult neurax-
ial needle placement may increase risk, there are no data
to support mandatory cancellation of a case. Clinical
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judgment is needed. If a decision is made to proceed,
full discussion with the surgeon and careful postopera-
tive monitoring are warranted.

The Safety of Neuraxial Anesthesia in the
Patient Receiving Therapeutic and Full
Anticoagulation with UH

These treatment/management modalities usually involve
the injection of moderate amounts (5000 to 10,000 units)
of IV UH intraoperatively. Injection is often done during
vascular cases to prevent thrombus formation during arte-
rial cross-clamping. Alternatively, one can inject 20,000 to
30,000 units of UH during a cardiac procedure to facilitate
cardiac bypass. In both these situations, transient high
levels of UH are present.

Several studies have demonstrated that spinal or epi-
dural anesthesia followed by systemic heparinization
with UH is relatively safe.8,22,74,75 Perhaps the most signif-
icant study to evaluate the safety of therapeutic anticoagu-
lation with UH in the presence of neuraxial anesthesia is
by Rao and El-Etr.8 These authors reported on the out-
comes of 3146 patients receiving continuous epidural
anesthesia and 847 patients receiving continuous spinal
anesthesia for lower-extremity vascular procedures.
Unfractionated heparin was administered 50 to 60 min-
utes after catheter placement to achieve an activated clot-
ting time (ACT) of twice the normal value. The UH was
given every 6 hours throughout the period of anticoagula-
tion therapy, and the catheters were removed the next
day, 1 hour before the administration of the next mainte-
nance dose of UH. None of the patients developed spinal
hematoma. This UH therapy was closely monitored, and
catheters were removed when UH levels were relatively
low.

In 1998 Liu and Mulroy22 reported a total of greater
than 1000 patients undergoing full intraoperative anticoa-
gulation who also had received either a single-bolus spi-
nal injection of opioids or an epidural opioid infusion
without any incidence of spinal hematoma formation.
The authors point out that communication with the sur-
geon regarding traumatic attempts and subsequent man-
agement of anticoagulation can be critical. Similarly, in
1998 Sanchez and Nygard74 reported on 558 patients
undergoing cardiac surgery who had epidural catheters
placed following strict guidelines. These guidelines
included placement of the epidural catheters the day
before surgery; using a paramedian approach; obtaining
an initial normal coagulation profile; carefully screening
for preoperative drug use; and limiting catheter place-
ment to two attempts. There was a zero incidence of spi-
nal hematoma in this study.

Baron and colleagues75 published a retrospective review
in 1987 that evaluated 912 patients who had received contin-
uous epidural analgesia while undergoing major vascular
reconstruction of a lower extremity. The patients all received
transient, full anticoagulationwithUHat a dose of 75 IU/kg,
in addition to a maintenance dose of 1000 IU/hr. None of
these patients developed neurologic evidence of spinal
hematoma. In this review 71% of the patients were male,
the average age was 68.7 years, and the following hemato-
logic studies were obtained preoperatively: hemoglobin
level, platelet count, prothrombin time (PT), and aPTT. There
was no reference to the timingof either catheter placement or
removal in the Baron article.

The potential usefulness of thoracic epidural analgesia in
patients undergoing cardiothoracic surgery has been shown
in multiple studies. The benefits include improved pulmo-
nary function76 and postoperative hemodynamics in
patients undergoing coronary artery bypass surgery.77-79

Brodsky and colleagues80 reported that the continuous lum-
bar epidural infusion of hydromorphone after thoracotomy
provided excellent pain relief for patients.

In 2000 Ho and colleagues81 published a statistical
analysis suggesting that at most one spinal hematoma sec-
ondary to epidural catheter placement would occur for
every 1520 patients undergoing coronary bypass surgery
and receiving epidural analgesia. This analysis was based
on the fact that a zero incidence of spinal hematoma for-
mation had occurred in the more than 1500 reported uses
of epidural analgesia in patients undergoing cardiac sur-
gery. Thus, the aforementioned studies purporting the
safety of epidural anesthesia in the fully anticoagulated
patient may be tainted by small sample sizes and type II
statistical error.

It is important to recognize that other members of the
care team may institute an inappropriate therapeutic inter-
vention with catastrophic results. Such an event recently
happened to the author when a junior intensive care house
officer administered an antithromboticmedication to one of
our pediatric patients who had a functioning epidural cath-
eter in place.82 The patient had been up and ambulating
before the administration of the alteplase. Almost immedi-
ately following the administration of the aforementioned
drug, the child developed severe back pain and blood was
noted in his epidural catheter. The house officer immedi-
ately removed the epidural catheter and within minutes
our patient developed lower-extremity sensory and motor
losses. Our anesthesia care team was promptly notified
and a timely laminectomy and clot evacuation resulted in
total recovery of neurologic function in this child 6 weeks
later. This later case report reinforces the need for all mem-
bers of the care teams involved in the management of com-
plex cases to be familiar with the guidelines for the
management of epidural or other indwelling catheters.
Finally, this event occurred after the Rosen team had placed
and managed slightly more than 1500 epidural catheters in
infants and children undergoing total heparinization a car-
diopulmonary bypass. I remind my readers of the Ho pre-
diction81 of one hematoma for each 1500 patients
managed in this high-risk subgroup.

The studies in the previous section suggest that neurax-
ial anesthesia techniques in patients either therapeutically
or fully anticoagulated with UH are relatively safe. How-
ever, Ruff and Dougherty18 reported the occurrence of
spinal hematomas in 7 of 347 patients who had initially
presented with signs of cerebral ischemia. After a sub-
arachnoid bleed had been ruled out, each patient imme-
diately underwent a diagnostic lumbar puncture with a
20-gauge needle, followed by the institution of IV UH
therapy. Unfortunately, the amount of UH administered
to these patients was not reported in the Ruff and Dough-
erty18 article. The article concludes that traumatic needle
placement, initiation of IV UH within 1 hour of lumbar
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puncture, and concomitant aspirin therapy were all risk
factors that led to the development of these seven spinal
hematomas.

The risks and benefits of neuraxial anesthetic techni-
ques in patients undergoing therapeutic and/or full anti-
coagulation with UH must be carefully considered. The
complication of spinal hematoma formation, although
rare, can be catastrophic. Risk factors contributing to spi-
nal hematoma in these patients appear to be traumatic
or difficult needle placement, preexisting coagulopathies,
concomitant aspirin therapy, absence of monitoring of
anticoagulation activity, and initiation of UH therapy
within 1 hour of spinal or epidural needle placement.8,18

The therapeutic benefits of UH are limited by an
increased risk of bleeding, which is at least a partially
dose-dependent phenomenon.83 To optimize the balance
between efficacy and bleeding complications, physicians
have adopted two dosing practices: (1) Frequent estima-
tion of UH plasma concentrations using frequent serial
evaluations of the aPTT, a relatively inexpensive labora-
tory test. However, with repeated serial testing, cost may
become an issue. (2) Continuous IV administration of
UH, in an attempt to allow multiple rapid dosage adjust-
ments guided by aPTT values.84

As previously mentioned, the cost of the aPTT test is
minimal; however, frequent testing does increase costs.
Also, the requirement for repeated testing and need to
maintain an IV infusion requires hospitalization for most
patients,85 which significantly increases the cost of ther-
apy.86 Therefore this increased cost and inconvenience
associated with UH therapy must be considered when
comparing it with the use of the more expensive drug,
LMWH, which requires no laboratory monitoring or IV
access. In addition, UH compared with LMWH has a
higher incidence of bleeding complications when adminis-
tered for therapeutic anticoagulation.
ASRA 2002 Guidelines for the Administration
of Neuraxial Anesthesia in the Patient Fully
Anticoagulated with UH24

Currently, insufficient data and experience are available to
determine if the risk of neuraxial hematoma is increased
when combining neuraxial techniques with the full anti-
coagulation of cardiac surgery. Postoperative monitoring
of neurologic function and selection of neuraxial solutions
that minimize sensory and motor block are recommended
to facilitate detection of new or progressive neurodeficits.

Prolonged therapeutic anticoagulation appears to in-
crease risk of spinal hematoma formation, especially if com-
bined with other anticoagulants or thrombolytics. Therefore
neuraxial blocks should be avoided in this clinical setting.

l If systemic anticoagulation therapy is begun with an epi-
dural catheter in place, it is recommended todelay catheter
removal for 2 to 4 hours after therapy discontinuation and
evaluation of coagulation status. The concurrent use of
medications that affect other components of the clotting
mechanisms may increase the risk of bleeding complica-
tions for patients receiving standard heparin. These medi-
cations include antiplatelet medications, LMWH, and oral
anticoagulants.
l The author believes that it is important to note that
approximately one half of the spinal hematomas that
have involved epidural catheters have occurred on the
removal of the catheter. As previously mentioned, Van-
dermeulen and colleagues14 found that between 1906
and 1994, 32 spinal hematomas occurred as the result
of epidural catheter placements, and 15 of these 32
hematoma formations occurred immediately after cathe-
ter removal. Epidural catheter removal carries the same
risk as catheter placement, and the same guidelines
should be followed for both procedures.
THE EUROPEAN POSITION ON NEURAXIAL
BLOCKADE IN PATIENTS WHO ARE
RECEIVING OR WILL RECEIVE DVT
PROPHYLAXIS WITH UH87

Since the early 1980s hospital patients in central continen-
tal Europe have primarily received either UH or LMWH
as primary thromboprophylactic agents.87 Tryba87 found
a low incidence of spinal hematoma formation in the large
numbers of European patients who had received a spinal
axis anesthetic and concurrent anticoagulation therapy.
In Germany about 1.5 million patients per year receive
this therapeutic and clinical management scheme. It is of
note, however, that 70% to 75% of neuraxial blocks per-
formed in Europe are single-shot spinal blocks.87 Based
on their experiences and available experimental data, Ger-
many has promulgated guidelines regarding the dosing of
the heparins in patients who had received or would
receive a neuraxial anesthetic. The remainder of Europe
has guidelines that differ little from those of Germany.87

However, new updated European guidelines are in draft
form at the time of this writing and should be published
in summer 2009 (personal communication with ESRA
President Giorgio Ivani). The evidence-based data used
to draft the original European guidelines were derived
primarily from papers/studies by Bergqvist,88 Gogar-
ten,50,89 Heit,21,90 Hirsh,45,58,62,91,92 Horlocker,24,93-95

Planes,96 Tryba,12,67,87,97 and Vandermeulen.14,15

Unfractionated Heparin in Low-Dose Regimen

l No increased risk of spinal hematoma has been
observed with low-dose UH therapy, providing that a
minimal interval between administration and puncture
has been observed.67,89,98

l An interval of 4 hours between administration of UH
and neuraxial block placement is recommended.69,89

l Unfractionated heparin should be administered 1 or
more hours after neuraxial block placement.89

l No laboratory tests are suggested for the first 4 postoper-
ative days; platelets should be checked on day 5 because
of the risk of heparin-induced thrombocytopenia.67,89

Unfractionated Heparin in Full and Therapeutic
Doses

l Compared with low-dose prophylaxis with UH, thera-
peutic doses of IV UH are associated with an increased
risk of spinal bleeding. Thus, no neuraxial block or
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catheter removal should be performed in any patient
receiving therapeutic anticoagulation.14,87

l If neuraxial block or catheter removal is required, UH
administration must be stopped for at least 4 hours,
and laboratory tests (ACT, aPTT, and platelets) evalu-
ated before proceeding.87

l Because patients who receive intraoperative anticoagu-
lation may benefit from a neuraxial block (e.g., patients
undergoing vascular or cardiac surgery and patients
with unstable angina),2,99 IV UH (up to 5000 units)
may not be considered an absolute contraindication,
providing there is careful postoperative observation of
the patient.89

l In the previous case, IV UH should be initiated no
sooner than 1 hour after spinal puncture, the UH dose
should be adjusted so that the aPTT does not exceed
twice the normal value, and catheters should be
removed no earlier than 2 to 4 hours after stopping the
UH infusion.87,89

l If a bloody tap occurs during neuraxial puncture, sur-
gery should be postponed for 12 hours. Alternatively,
catheters may be inserted the night before the surgery.87

l Administration of low-dose IV UH (total dose 2000 units
or less) has been shown to be effective in preventing
thromboembolic complications during high-risk ortho-
pedic surgery.100 UH administration at this dosage does
not result in a significant alteration of hemostasis and
thus should not be considered as a contraindication to
neuraxial blocks.87
EVIDENCE FOR PERFORMING NEURAXIAL
BLOCKS IN THE PATIENT RECEIVING LOW-
MOLECULAR-WEIGHT HEPARIN

Low-Molecular-Weight Heparin

Enoxaparin was the first commercially available LMWH.
Low-molecular-weight heparins are produced by chemi-
cal or enzymatic depolymerization of UH, and they have
a molecular weight of 4000 to 6500 daltons and contain
polysaccharide chain lengths of 13 to 22 sugars.90 The
mechanism of action of LMWH is basically similar to that
of UH in that both bind to ATIII and inhibit activation of
coagulation factor Xa and to a lesser extent factor IIa.
However, there is a difference in the relative potency of
anti-Xa and anti-IIa when compared with UH; LMWH
retains full anti-Xa activity with significantly less anti-IIa
activity. The reason for this is that LMWH chain lengths
that have a molecular weight of about 5000 daltons con-
tain the pentasaccharide sequence, which preferentially
inhibits factor Xa. It is not until the chain length is
increased to about 15,000 to 30,000 daltons in weight that
the chain is long enough to bind to factor IIa (thrombin).
When compared with UH, LMWH does not usually pro-
long the aPTT to supranormal levels when prophylactic
doses are used. A specific assay for anti-Xa activity may
be used to monitor the biologic activity of LMWH; how-
ever, the monitoring of factor Xa levels is not recom-
mended by ASRA.24 This is because anti-Xa levels are
not predictive of the development of hemorrhagic compli-
cations such as spinal hematoma formation. Finally,
the employment of ACT is not useful for assessing anti-
coagulation with LMWH.101

The reduction in molecular weight of LMWH creates
pharmacologic advantages over UH because there is a
marked reduction in the binding of LMWH to non-
anticoagulant plasma proteins. This reduced binding
reduces variations in plasma levels of the drug.90 Low-
molecular-weight heparin is dosed on a weight-adjusted
scale, which results in very predictable and reproducible
plasma levels. The bioavailability of LMWH is 90% when
it is injected subcutaneously, compared with only 30% for
UH. The plasma half-life of LMWH is 4.0 to 6.0 hours
compared with 0.5 to 1.0 hours for UH. This longer half-life
makes less frequent dosing possible. The peak anticoagu-
lant effects of LMWH occur at approximately 3 to 4 hours
following subcutaneous injection. Low-molecular-weight
heparin is eliminated almost exclusively via renal excre-
tion; consequently, significant accumulation occurs with
renal insufficiency, and prophylactic therapy with LMWH
should be avoided in patients with renal impairment.90

There is a difference in opinion between the United
States (North America) and Europe with regard to DVT
prophylaxis with LMWH when it is used in conjunction
with a neuraxial anesthetic, and both views are presented
in this chapter. A LMWH dose-response series by Planes
and colleagues96 is presented in some detail in the follow-
ing paragraphs because it is the outcome of this trial that
has been used to establish the current European dosing
protocols. I leave it to my readers to decide which evi-
dence-based protocol/guidelines (North American versus
European) they wish to follow.

North American (United States) LMWH
Dosing Regimens102

Abdominal Surgery

In patients undergoing abdominal surgery who are at risk
for thromboembolic complications, the recommended
dose of enoxaparin is 40 mg by subcutaneous injection,
once daily. The initial administration is 2 hours before
surgery.

Total Hip or Knee Arthroplasty

In patients undergoing THR or TKR, the recommended
dose of enoxaparin is 30 mg injected subcutaneously
every 12 hours. The initial administration should be 12
to 24 hours after surgery. Alternatively in patients under-
going THR, a dose of 40 mg injected subcutaneously once
daily may be considered. The initial dose should be admi-
nistered 12 (�3) hours before surgery. However, the usual
dosing regimen for postsurgical DVT prophylaxis with
enoxaparin in the United States is 30 mg injected subcuta-
neously every 12 hours, with the initial dose administered
12 to 24 hours postoperatively.

European LMWH Dosing Regimen

The European regimen is 40 mg injected subcutaneously
once daily, with the initial dose usually administered
12 hours before surgery. The next dose is administered
24 hours after the initial dose.97
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Safety and Efficacy of LMWH at Preventing
DVT Formation

The results of three successive prospective clinical trials
by Planes and colleagues,103-105 attempting to define the
once-daily dosing regimen protocol for enoxaparin in
THR, suggest that 40 mg dosed once daily is the superior
combination for THR.96

Planes and colleagues103 randomized 228 patients to one
of four groups. Group I (n ¼ 50) received enoxaparin 60 mg
once daily; group II (n ¼ 28) received enoxaparin 30 mg
twice daily; group III (n ¼ 50) received enoxaparin
40 mg once daily; group IV (n ¼ 100) received enoxaparin
20 mg twice daily. The groups were standardized to sur-
geon, operative approach, anesthesiologist, anesthetic, and
postoperative physical prophylactic method. All therapies
were initiated 12 hours before surgery. The number of red
blood cell units transfused increased between doses of 40
and 60 mg (p¼ 0.006) and wound hematoma formation dif-
fered significantly between the groups. Group II (30 mg
twice daily) had a wound hematoma occurrence rate of
22%; group I (60 mg once daily) had an occurrence of 12%;
group III (40 mg once daily) had an occurrence of 6%; and
group IV (20 mg twice daily) had an occurrence of 2%. In
addition, the incidence of both distal and proximal DVT for-
mation ranged from 6% to 8% in all of the groups. The proxi-
mal DVT rate in groups I, III, and IV ranged from 4% to 6%.
However, no proximalDVT formations occurred in group II.
It is this latter fact, no proximal DVT formations, coupled
with a wound hematoma occurrence rate that prompted
the U.S. Food and Drug Administration (FDA) to initially
accept only the 30 mg twice-daily dosing regimen for enoxa-
parin. Finally, this author believes that the aforementioned
data on the incidence ofwound hematoma formation proba-
bly also apply to the relative risk that a patient will have
the potential for the development of a spinal/epidural
hematoma.

Planes and colleagues104 studied two modes of admin-
istration enoxaparin 40 mg: group A, with two injections
of 20 mg subcutaneously, and group B, with one injection
of enoxaparin 40 mg, plus one injection of placebo, both
administered subcutaneously. In all cases the first dose
of enoxaparin was administered 12 hours before surgery.
In group A, the patients received 20 mg in the evening
of the first postoperative day (approximately 24 hours
after initial dose) and every 12 hours thereafter. In group
B, the patients received 40 mg at 8:00 PM on the day of sur-
gery (approximately 24 hours after initial dose) and every
evening thereafter. Patients with the following characteris-
tics were excluded: age less than 45 years, weight less than
45 kg, past history of VTE, those receiving spinal anesthe-
sia, those undergoing revision of THR, those with recent
trauma, patients with thrombocytopenia, recent gastroin-
testinal (GI) bleeding, and ATIII deficiency, as well as
those undergoing recent platelet therapy or anticoagulant
therapy or having a preoperative aPTT 10 seconds longer
than controls. The number of red blood cell units trans-
fused did not differ significantly between groups. Wound
hematoma formation occurred at the same frequency in
both groups (5%). The incidence of total DVT was 1.7%
in group A (20 mg twice daily) and 10.5% in group B
(40 mg once daily). The difference was found to be clini-
cally insignificant (p ¼ 0.11). No deaths or clinical signs
and symptoms of PE were observed in either group.

Planes and colleagues105 also performed a multicenter,
double-blind, randomized, prospective study comparing
enoxaparin with fixed doses of UH. Two hundred thirty-
seven consecutive patients undergoing elective hip sur-
gery received one of the following DVT prophylaxis regi-
mens: (1) enoxaparin 40 mg, once daily, with initiation of
therapy 12 hours before surgery (n ¼ 124) and (2) UH
5000 IU, every 8 hours, initiated 2 hours before surgery
(n ¼ 113). The same exclusion and standardization criteria
that were used in the enoxaparin trial (reference 97) were
used in the present trial. Red blood cell transfusion
requirements were higher in the UH group (p ¼ 0.035).
Wound hematoma formation was 6.4% in the enoxaparin
group and 5% in the UH group, but three patients in the
UH group required reoperation, whereas none of the
patients in the enoxaparin group required surgical reinter-
vention. There were no deaths in either group. Five
patients developed PE, two in the enoxaparin group and
three in the UH group. The incidence of total DVT in the
enoxaparin group was 12.5%, compared with an incidence
of 25% in the UH group (p ¼ 0.03).

Data extrapolated from the Planes and colleagues
series96 demonstrate the relative safety and efficacy of
enoxaparin 40 mg once daily, started the night before sur-
gery. These data similarly show that the 40 mg daily regi-
men is superior to both the 60 mg daily and 30 mg twice-
daily regimen in safety and that the efficacy of the higher
doses is no better.

In a comprehensive review of the available literature,
Geerts and colleagues26 reported that LMWH is very
effective for the prevention of DVT formation. Their
review suggested that LMWH is more effective than
UH for DVT prevention. The results of 21 trials involving
9364 patients26 demonstrated a DVT risk reduction rate
of 76% when LMWH therapy was employed and 68%
reduction when low-dose UH was used, and these
two therapeutic modalities were compared with control
patients following general surgical procedures. In
another series involving 30 trials and a total of 6216
patients,26 a risk reduction of 78% was obtained with
LMWH, 27% with low-dose UH, and 62% for adjusted-
dose IV UH therapy when compared with controls after
THR surgery.

In a double-blind randomized clinical trial, Turpie and
colleagues106 compared LMWH with placebo in patients
undergoing elective hip surgery. Prophylactic treatment
was begun postoperatively and continued for 14 days. In
the placebo group (n ¼ 50), 20 patients (51.3%) developed
DVT. In the LMWH group (n ¼ 50), four patients (10.8%)
developed a DVT. The observed hemorrhagic rate was 4%
in each group.

In a 1997 New England Journal of Medicine article,
Weitz107 reported that LMWH significantly reduced the
risk of DVT formation in patients undergoing THR and
TKR, as well as those sustaining multiple traumas. He
also reported that LMWH was found to be more effective
than low-dose subcutaneous UH,108 and it was equal to109

or superior to110 adjusted-dose IV UH.
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Evidence Regarding the Safety of Neuraxial
Blockade in Patients Who Are Receiving or Will
Be Receiving LMWH

A large number of patients have safely received neuraxial
anesthesia in combination with prophylactic therapy with
LMWH.87,88,111 Tryba87 reported that, in the European
experience with LMWH, a dose of 40 mg or less once
daily does not appear to increase the risk of spinal hema-
toma formation.

The administration of LMWH in patients undergoing
neuraxial anesthesia was examined by Bergqvist and col-
leagues88,111 in two reviews published in 1992 and 1993.
In these reviews, they identified 19 articles involving
9013 patients who had safely received a combination of
LMWH and neuraxial blockade.

Horlocker and Heit’s 1997 review of the English lan-
guage literature7 identified 215 articles in which LMWH
had been administered to surgical or obstetric patients. In
39 of the studies, representing 15,151 anesthetics, spinal or
epidural anesthesia was used in combination with periop-
erative LMWH thromboprophylaxis. A single-dose spinal
anesthetic was used in 7400 cases, a continuous spinal
anesthetic in 20 cases, and an epidural anesthetic in 2957
cases. Low-molecular-weight heparin therapy was initiated
preoperatively in almost 90% of the cases, typically using a
regimen of 40 mg subcutaneously. There was a zero inci-
dence of spinal hematoma formation in any of these
patients.

Of the reports of spinal hematoma formation that have
occurred in patients concurrently receiving DVT prophy-
laxis with LMWH and undergoing neuraxial blockade,
the majority have occurred in patients receiving treatment
in the United States. A large number of spinal hematomas
have occurred since LMWH was introduced to the United
States in 1993. Within 1 year of the introduction of enoxa-
parin into clinical practice in the United States there were
two reported spinal hematomas.112 The initial dosing reg-
imen involved the utilization of 30 mg twice daily enoxa-
parin with the first dose administered as soon as
possible after surgery. Unfortunately, more reports of epi-
dural hematoma formations followed, and the manufac-
turer’s prescribing information was changed in 1995 to
recommend that the first dose be given 12 to 24 hours
after surgery. By October 1995, 11 spinal hematomas had
been reported to the MedWatch surveillance system. The
drug label was again revised, expanding the Adverse
Reactions and Warnings sections.112 Between 1993 and
1997 more than 30 cases of spinal hematoma formations
had been reported to the FDA’s MedWatch surveillance
system involving patients who had received LMWH ther-
apy and a neuraxial block.112 This prompted the FDA to
issue a public health advisory in December 1997 asking
physicians to carefully weigh the risks and benefits of
neuraxial anesthesia in patients who had received or
who would be receiving LMWH therapy in the postoper-
ative period.112 Within the FDA advisory it was noted that
75% of the spinal hematomas had occurred in elderly
women undergoing orthopedic surgical procedures.

According to the MedWatch surveillance system,
between 1993 and 2002 there were more than 80 reports
of spinal or epidural hematoma formations in patients
receiving neuraxial anesthesia with concurrent use of
enoxaparin.113 However, since 1998, the year in which
the deliberations of the First ASRA Consensus Conference
were published, there have only been 13 new cases of spi-
nal hematomas following neuraxial blockade reported
either through the MedWatch system or as a case report.24

The majority of these patients had postoperative indwell-
ing epidural catheters (10 of 13) or had received additional
drugs affecting hemostasis, such as a nonsteroidal antiin-
flammatory drug (NSAID).24,113

The current FDA opinion is as follows:

1. When neuraxial anesthesia (epidural/spinal anesthe-
sia) or spinal puncture is employed, patients anticoagu-
lated or scheduled to be anticoagulated with LMWH or
UH for prevention of thromboembolic complications
are at risk for developing an epidural or spinal hema-
toma, which can result in long-term or permanent
paralysis.

2. The risk of these events is increased by the use of
indwelling epidural catheters for the provision of anes-
thesia/analgesia or by the concomitant use of drugs
affecting hemostasis, such as NSAIDs, platelet inhibi-
tors, and other anticoagulants.

3. Patients should be frequently monitored for signs and
symptoms of neurologic impairment. If neurologic
compromise is noted, urgent treatment is necessary.

4. Practitioners should carefully consider the potential
benefit versus risk before performing a neuraxial inter-
vention in patients anticoagulated or those who will be
anticoagulated for thromboprophylaxis.

Guidelines for the Administration of
Low-Molecular-Weight Heparin and the
Concurrent Use of Neuraxial Anesthesia

The European Position on Neuraxial Blockade in
Patients Who Are Receiving or Will Receive DVT
Prophylaxis with LMWH87,89

The European experience surrounding the use of 40 mg or
less of enoxaparin once daily clearly demonstrates that
there is no increased risk of spinal hematoma formation,
provided that a minimum interval of time between the
administration of LMWH and neuraxial puncture is
observed.97 The current dosing regimen in Europe for
enoxaparin (the most commonly used LMWH) is 40 mg
subcutaneously once daily, with the initial dose adminis-
tered 12 hours before surgery. However, several of my
European colleagues have informed me that if they plan
to place an epidural catheter for surgical anesthesia and
postoperative analgesia, they administer the first dose of
enoxaparin 12 or more hours after block placement. This
usually translates into the morning following surgery.
From the standpoint of epidural hematoma formation,
this course of therapy is distinctly different from and has
proven to be much safer than the regimen used in the
United States (North America), in which 30 mg of enoxa-
parin is administered subcutaneously twice daily for
TKR and THR, with the first administration 12 to 24 hours
after surgery. However, the major distinction between the
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European and North American protocols is the fact that
spinal/epidural catheters can be left in place when one
employs the European protocol/guidelines, whereas the
North American (ASRA) guidelines call for their removal
before the institution of anticoagulation therapy.24 That
said, 75% of the neuraxial blocks performed in Europe
are single-shot spinal blocks.87

l An interval of at least 12 hours should elapse following
the administration of LMWH and placement of neurax-
ial block.87,89

l The next dose of LMWH should be administered no
sooner than 4 hours after puncture, resulting in an inter-
val of approximately 8 hours until peak plasma concen-
trations occur.87,89

l In patients scheduled for neuraxial block, thromboem-
bolism prophylaxis with LMWH should be initiated on
the evening before surgery.89 This dosage regimen
results in a similar efficacy of thromboembolic prophy-
laxis, as with a dosage regimen starting on the morning
of the surgery.87,114,115

l Catheter removal should occur at least 8 to 12 hours
after the last LMWH administration or 1 to 2 hours
before the next administration of LMWH. The next dose
of LMWH should be delayed for 2 hours after catheter
removal.12,66

l No laboratory tests are suggested for the first 4 postop-
erative days; however, a platelet count should be
checked on day 5 because of the risk of heparin-induced
thrombocytopenia.89

The ASRA 2002 Guidelines for the Safe Use of
Neuraxial Anesthesia in the Patient Who Has
Received Preoperative LMWH or Will Receive It in the
Postoperative Period24

l The first subcutaneous dose of enoxaparin 30 mg is
administered 12 to 24 hours following surgery (usually
the morning following surgery), with the next 30 mg
dose administered 12 hours later.

l It is imperative that all indwelling spinal/epidural cat-
eters be removed at least 2 hours before the administra-
tion of the first dose of enoxaparin.

l Monitoring of the anti-Xa level is not recommended. The
anti-Xa level is not predictive of the risk of bleeding and is
therefore not helpful in the management of patients
undergoing neuraxial blocks who have received LMWH.

l Antiplatelet or oral anticoagulant medications adminis-
tered in combination with LMWH may increase the
risks of spinal hematoma formation. Concomitant
administration of medications affecting hemostasis,
such as antiplatelet drugs, standard heparin, or dextran,
represent an additional risk for the development of
hemorrhagic complications during the perioperative
period. This includes spinal/epidural hematoma forma-
tion. Education of the entire patient care team is neces-
sary to avoid potentiation of the anticoagulant effects.

l The presence of blood during needle and catheter
placement does not necessitate postponement of sur-
gery. However, initiation of LMWH therapy in this
setting should be delayed for 24 hours after surgery.
Traumatic needle or catheter placement may signify
an increased risk of spinal hematoma, and it is recom-
mended that this consideration be discussed with the
surgeon.

Preoperative LMWH24

l Patients receiving preoperative LMWH can be assumed
to have altered coagulation.

l A single-injection spinal anesthetic may be the safest
neuraxial technique in patients receiving preoperative
LMWH for thromboprophylaxis.

l In these patients needle placement should occur at least
10 to 12 hours after the last LMWH dose.

l Patients receiving higher doses of LMWH, such as enox-
aparin 1 mg/kg q12h, enoxaparin 1.5 mg/kg daily, dal-
teparin 120 U/kg q12h, dalteparin 200 U/kg daily, or
tinzaparin 175 U/kg daily will require delays of at least
24 hours before block placement.

l Neuraxial techniques should be avoided in patients who
have received a dose of LMWH 2 hours before surgery
(general surgery patients), because needle placement
would occur during peak anticoagulant activity.

Postoperative LMWH24

l Patients with postoperative initiation of LMWH throm-
boprophylaxis may safely undergo single-injection and
continuous catheter techniques. However, all catheters
must be removed at least 2 hours before the administra-
tion of the first dose of LMWH. Management is based
on total daily dose, timing of the first postoperative
dose, and dosing schedule.

Twice-Daily Dosing24

l This dosage regimen approximates the United States’
application (enoxaparin 30 mg q12h). This dosage
may be associated with an increased risk of spinal
hematoma.

l The first dose of LMWH should ideally be administered
no earlier than 24 hours after surgery, regardless of
anesthetic technique, and only in the presence of ade-
quate hemostasis.

l Indwelling catheters should be removed before initia-
tion of LMWH thromboprophylaxis. If a continuous
technique is selected, the epidural catheter may be left
indwelling overnight and removed the following day,
with the first dose of LMWH administered 2 hours after
catheter removal.

Once-daily Dosing24

l This dosing regimen approximates the European appli-
cation (enoxaparin 40 mg/day).

l The first postoperative LMWH dose should be adminis-
tered 6 to 8 hours after surgery.

l The second postoperative dose should occur no sooner
than 24 hours after the first dose.

l Indwelling neuraxial catheters may be safely main-
tained. However, the catheter should be removed a



Chapter 51 The Best Approaches to Prophylaxis against DVT Formation 355
minimum of 10 to 12 hours after the last dose of LMWH.
Subsequent LMWH dosing should occur at least 2 hours
after catheter removal.
Deliberations on the Use of LMWH from the
Third American Society of Regional Anesthesia
(ASRA) Consensus Conference

The material presented at the Third American Society of
RegionalAnesthesia (ASRA)ConsensusConference (Vancou-
ver, British Columbia, Canada, in April 2007) provided few
new answerswith respect to the use of LMWH in conjunction
with neuraxial anesthesia.25 The last published guidelines,
which were updated as a result of the Second ASRA Consen-
sus Conference held in Chicago in spring 2002,24 remain in
effect for the administration and management of LMWH
and were not superceded or altered in any way by the delib-
erations in Vancouver. The author has been informed that
the results of the Third Consensus Conference will be pub-
lished inRegionalAnesthesia andPainMedicine in summer2009.

At the Third Consensus Conference Horlocker and col-
leagues25 indicated that the guidelines for antithrombotic
therapy, including appropriate pharmacologic agent,
degree of anticoagulation desired, and duration of ther-
apy, continue to evolve. The American College of Chest
Physicians (ACCP) updated its evidence-based guide-
lines in September 2004 based on the deliberations of the
Seventh Conference on Antithrombotic and Thrombolytic
Therapy.116 The guidelines of the ACCP are derived from
the presence or absence of asymptomatic thrombus for-
mation, which are detected by ultrasonography or con-
trast venography and not clinical outcomes such as a
reduction in the incidence of fatal PE or symptomatic
DVT formation, and herein lies the problem. For an exten-
sive discussion of this problem, see Chapter 50 of this text.
In brief, many orthopedic surgeons do not believe that
chest physicians, who do not perform surgery, should set
the anticoagulation guidelines for surgeons.25,117 The
orthopedic surgeons point out that there has been no cor-
relation between the reduction in the incidence of DVT for-
mation and the incidence of fatal PE. The incidence of fatal
PE remains 0.1% following joint surgery irrespective of the
DVT rate.117

Horlocker summarized the new ACCP guidelines that
apply to the use of LMWH as follows25:

1. There is a trend toward initiating thromboprophylaxis
in close proximity to surgery. Early postoperative
(and intraoperative) dosing of LMWH was associated
with an increased risk of neuraxial bleeding.

2. The duration of prophylaxis has been extended to a
minimum of 10 days following joint replacement or
hip fracture surgery. The recommended duration for
hip procedures is 28 to 35 days. It has been demon-
strated that the risk of bleeding complications is
increased with the duration of anticoagulation therapy.
The interaction of prolonged thromboprophylaxis and
previous neuraxial instrumentation, including difficult
or traumatic needle insertion, is unknown.
AUTHOR’S RECOMMENDATIONS

There is very little question that patients undergoing surgical pro-
cedures that place them at a high risk for developing a postoper-
ative thromboembolic complication will benefit from prophylactic
anticoagulation. Choosing the best anticoagulant agent and dos-
ing regimen for a particular patient undergoing a surgical proce-
dure should be guided by the available literature and the
individual patient. There are differences in the costs, convenience,
safety, and efficacy of the available agents; however, patient
safety has the highest priority when choosing an agent and dosing
schedule. Nothing is as expensive as a bad outcome.

The practitioner must carefully consider each patient individ-
ually and weigh the risks of the procedure against the benefit of
using a neuraxial technique. However, based on the current liter-
ature, it would appear that spinal anesthesia is associated with a
lower risk of spinal/epidural hematoma formation,12,14,70,72 and
enoxaparin 40 mg once daily, with the first administration the
evening before surgery, affords one the same efficacy of DVT pro-
phylaxis as higher-dose regimens (30 mg twice daily), with less
risk of surgical hematoma formation.96 Although never prospec-
tively studied, this reduced rate of surgical hematoma formation
likely translates into a reduced risk of spinal/epidural hematoma
formation as well. It is also important to consider the risks of spi-
nal/epidural hematoma formation when removing an epidural
catheter. Epidural catheter removal in the anticoagulated patient
carries the same risk of hematoma formation as does catheter
insertion.14
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52
 Is Regional Anesthesia
Appropriate for Outpatient
Surgery?

Michael F. Mulroy, MD, and Wyndam Strodtbeck, MD
Outpatient surgery has increased dramatically in the last 25
years in the United States, both in volume and as a percent-
age of the total procedures done. It now constitutes over
60% of surgery performed in most medical centers, and it
has initiated major revisions in the approach to anesthetic
management and occasioned the development of new
drugs and techniques. Outpatient anesthesia requires more
rapid recovery and faster return to full mental function
than standard inpatient procedures. It also requires mini-
mum frequency of nausea, vomiting, and postoperative
pain that might otherwise delay hospital discharge or pre-
cipitate unplanned overnight admission. The emphasis on
home discharge has also elevated the patient’s perception
of “satisfactory” anesthesia, which now includes greater
emphasis on alertness and a sense of well-being. Fortu-
nately, new general anesthetic agents meet many of these
requirements, especially rapid induction and emergence,
which will theoretically improve the turnover in ambula-
tory surgery units.

Local anesthesia for the performance of surgery is ideal
in that local anesthetics cause no loss of consciousness and
provide excellent residual postoperative analgesia. This
combination makes local anesthetic agents attractive
options for outpatient surgery, where rapid discharge
with minimal nausea and sedation is important to health
care providers and patients.1 Prospective comparisons of
regional and general techniques confirm faster discharge
with peripheral nerve blocks, as well as with local anes-
thesia.2 Neuraxial techniques (spinal and epidural) have
also been advocated because of their rapid onset of dense
anesthesia. Neuraxial approaches, however, require reso-
lution of the block before a patient can ambulate, and they
obviously require some alternative method of postopera-
tive analgesia.

Although there are several advantages to regional tech-
niques, there are also questions raised about whether the
performance of these blocks requires more time than the
initiation of general anesthesia and thus may be deleteri-
ous to the overall efficiency of an outpatient unit. Simi-
larly, there have been concerns that regional techniques,
especially the peripheral nerve blocks, are not as reliable
as the general anesthesia techniques and thus may further
delay surgery. There is also the issue of possible complica-
tions associated with regional techniques, particularly the
potential for postspinal headache and, more recently,
transient neurologic symptoms (TNS) after spinal anesthe-
sia.3 Thus, it is legitimate to question whether regional
anesthetic techniques are truly appropriate in the outpa-
tient setting.
OPTIONS

Major options available in outpatient anesthesia are local,
general, and regional techniques. For the sake of focus, this
chapter will not include a discussion of local anesthesia
techniques because these have universally been shown to
be ideal techniques in outpatient anesthesia. This includes
the use of local anesthesia for retrobulbar, peribulbar, or
topical anesthesia for cataract surgery, which has been
associated with a low risk of morbidity and with rapid dis-
charge and high satisfaction in the elderly high-risk patient
group undergoing this operation. Local techniques are also
excellent for other superficial surgeries, such as hernia
repair, breast biopsy, and perianal procedures.

General anesthesia has emerged as the most frequently
used alternative because of the newer drugs available. The
introduction of rapid-induction and fast-emergence gen-
eral anesthetic agents (sevoflurane, desflurane, and pro-
pofol) in the last 20 years has produced dramatic
improvement in the early emergence from general anes-
thesia. These advantages are balanced by side effects.
The absence of analgesia in the postoperative period
necessitates the addition of opioids and their attendant
mental obtundation and nausea. The inhalation agents
themselves continue to be associated with a 20% to 50%
risk of postoperative nausea and vomiting,4 although this
can be minimized by generous use of prophylactic medi-
cation. Propofol appears to be associated with a signifi-
cantly lower frequency of this complication but requires
greater resources to administer and is no less expensive
than the volatile drugs.

The regional techniques offer a third alternative, also
with advantages and drawbacks. The two major cate-
gories are peripheral nerve blockade and neuraxial block-
ade, though one might include the use of continuous
peripheral nerve catheters as an emerging third applica-
tion.5 There are multiple reports of peripheral nerve
359



Table 52-1 Central Neuraxial Block versus
General Anesthesia for Ambulatory
Surgery

Outcome
Number
of Trials

Neuraxial
(Mean)

General
(Mean)

Odds
Ratio or
WMD
(95% CI)

Induction
time (min)

7 17.8 7.8 8.1
(4.1-12.1){

PACU
time (min)

10 56.1 51.9 0.42
(-7.1-7.9)
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blockade, including intravenous regional anesthesia of the
upper and lower extremities, as well as specific nerve
blocks of the brachial and lumbar plexus (which have
been summarized in a recent meta-analysis6). In general
they require somewhat longer to perform and a longer
time for initiation for adequate anesthesia than either gen-
eral anesthesia or the neuraxial techniques. Neuraxial
blockade includes the use of spinal as well as epidural
and caudal injection. Caudal anesthesia is primarily lim-
ited to pediatric practice, where it is usually performed
as an adjunct to a general anesthetic in this patient popu-
lation. Spinal anesthesia should be the most effective
example of regional techniques in the outpatient setting
because of its simplicity of performance and rapidity of
onset, but may be limited by prolonged discharge times.
VAS in
PACU

7 12.7 24.4 �9 (�15.5 to
�2.6)*

Nausea 12 5% 14.7%0 0.40
(0.15-1.06)

Phase 1
bypass

4 30.8% 13.5% 5.4 (0.6-53.6)

Need for
analgesia

11 31% 56% 0.32
(0.18-0.57){

ASU
discharge
time (min)

14 190 153 34.6
(13-56.1)*

Patient
satisfaction

11 81% 78% 1.5 (0.8-23.1)

Adapted from Liu SS, Strodtbeck WM, Richman JM, Wu CL: A comparison of
regional versus general anesthesia for ambulatory anesthesia: A meta-
analysis of randomized controlled trials. Anesth Analg 2005;101:1634-1642.

CI, confidence interval; WMD, weighted mean difference.
*p <0.01.
{p <0.001.
EVIDENCE

There have been few prospective randomized comparative
trials of regional techniques versus general anesthesia.
Most of the reports are performed by enthusiastic suppor-
ters of regional anesthesia, who usually do not include a
comparative general anesthesia group. All these reports
are positive in their descriptions of analgesia, discharge
times, and patient satisfaction. Although randomized
blinded comparative studies aremore desirable, it is impos-
sible to perform a “blinded” study comparing the two
because even the most naive of observers would be able to
distinguish the presence of a local anesthetic block from a
general anesthetic. It is also difficult for many procedures
and many patient populations to successfully randomize
patients to different techniques. Nevertheless, a literature
search and meta-analysis has reviewed 15 studies compar-
ing general anesthesia with neuraxial blockade (Table 52-1)
and 7 comparing peripheral nerve blockade to general
(Table 52-2).6 These studies support the use of regional
techniques when compared with general anesthesia in
terms of superior analgesia, but raise concerns about the
time involved and the impact on significant outcomes such
as discharge time (Table 52-3).

The evidence regarding regional techniques compared
with general anesthesia has been reviewed with respect to
several outcomes. Seven studies of neuraxial block and six
trials of peripheral nerve catheters that measured induction
time showed an increase by 8 to 9 minutes in induction time
associated with regional techniques. Two of the studies
showed that blocks performed in an induction room outside
the operating room during the room turnover process could
allow for the total anesthesia time to be competitive with
general anesthesia.7,8 Two other studies looking at the utili-
zation of block rooms showed actual reduction in induction
time.9,10 The use of rapid-acting drugs, such as 2-chloropro-
caine, and the presence of experienced anesthesiologists also
appear to reduce the additional time required for regional
techniques.11,12 Nevertheless, the overall data indicate that
there is greater time required for the performance of blocks
and the onset of satisfactory analgesia.

Ten studies of neuraxial blockade showed no decrease
in postanesthesia care unit (PACU) time, or in the rate of
PACU bypass, probably related to the persistent immobil-
ity associated with neuraxial anesthesia in the early
recovery phase. In contrast, peripheral nerve blockade
allowed for earlier discharge from phase 1 PACU, as well
as a higher percentage of eligibility to bypass phase 1 at
the end of surgery.

Both neuraxial blockade and peripheral nerve blockwere
associatedwith significantly lower visual analog scale (VAS)
scores in the PACU, as well as a significantly reduced
requirement for postoperative analgesics in the PACU.
Despite better pain relief, as noted previously there was no
difference in the PACU time with neuraxial blockade.

With neuraxial blockade, there was a 40% reduction in
nausea associated with neuraxial blockade, but this was
not statistically different from the general anesthesia
group. Peripheral nerve blockade did provide a signifi-
cant fivefold decrease in nausea.

Despite the significant advantages in pain, analgesic
requirement, and nausea with peripheral nerve blockade,
there was no difference in the total time for discharge from
the ambulatory surgical unit (ASU). In contrast, neuraxial
blockade actually required a longer discharge time than gen-
eral anesthesia in the 14 trials that reported discharge times,
with an average prolongation of 35 minutes. Although part
of this prolonged discharge may have been related to the
use of a longer-acting spinal anesthetic (bupivacaine was
used in six trials, although in low doses), additional require-
ments frequently associated with neuraxial block in an ASU



Table 52-3 Summary of Regional versus
General Anesthesia for Outpatients

Neuraxial
Block

Peripheral Nerve
Block

Induction time Increased Increased

PACU time Same Reduced

PACU VAS Reduced Reduced

Nausea Same Decreased

Phase 1 bypass Same Increased

Need for
analgesics

Reduced Reduced

ASU discharge
time

Prolonged Same

Patient
satisfaction

Same Greater

Table 52-2 Peripheral Nerve Block versus
General Anesthesia for Ambulatory
Surgery

Outcome
Number
of Trials

Nerve
Block
(Mean)

General
(Mean)

Odds Ratio
or WMD
(95% CI)

Induction
time (min)

6 19.6 8.8 8.1 (2.6-13.7)*

PACU time
(min)

6 45.2 72 �24.3 (�36.3 to
�12)*

VAS in
PACU

7 9.6 35.8 �24.5 (�35.7 to
�13.3)*

Nausea 6 6.8% 30% 0.17 (0.08-0.33)*

Phase 1
bypass

6 81% 315 14.3 (7.5-27.4)*

Need for
analgesia

6 6.2% 42.3% 0.11 (0.03 –
0.43)*

ASU
discharge
time (min)

6 133.3 159.1 �29.7 (�75.3 to
15.8)

Patient
satisfaction

4 88% 72% 4.7 (1.8-12)*

*p ¼ <0.01.
Adapted from Liu SS, Strodtbeck WM, Richman JM, Wu CL: A comparison of

regional versus general anesthesia for ambulatory anesthesia: A meta-
analysis of randomized controlled trials. Anesth Analg 2005;101:1634-1642.

CI, confidence interval; WMD, weighted mean difference.
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(for ambulation and voiding) may have contributed to the
longer times. Only one study used procaine, and none
employed 2-chloroprocaine, which has been reported to be
associated with faster resolution and discharge times than
lidocaine in three studies that did not include a general anes-
thesia comparison.13-15
General anesthesia is superior to regional techniques.
In those studies that report results, success rates of 90%
to 95% appear to be common, especially with peripheral
nerve blocks. Spinal and epidural anesthesia have a high
reliability, but none of the techniques equals the 100% effi-
cacy of general anesthesia.

All the comparisons of pharmacoeconomics show that
regional techniques are at least no more expensive than
general anesthesia, and in most cases they are less expen-
sive than general anesthetic techniques.16,17

Satisfaction with central neuraxial blockade was high
(81%) but not significantly different from general anesthe-
sia. With peripheral nerve blockade, there was a signifi-
cant increase in patient satisfaction (88% versus 72%)
compared with general anesthesia.

In the majority of the published series, the complica-
tions were equally proportioned between general and
regional anesthesia. Minor complications of backache
and postdural puncture headache were higher in the
regional technique groups, whereas postoperative nausea
and vomiting and sore throat were more frequent in the
general anesthesia group. The incidence of overnight
admission was higher following general anesthesia in
the two series that reported this as an outcome after
shoulder surgery. In both reports the admission rate was
related to increased pain in the general anesthesia groups.

Peripheral Nerve Infusions

The latest development in the application of regional tech-
niques in the outpatient setting has been the use of contin-
uous local anesthetic infusions through peripheral nerve
catheters in patients who are discharged home from an out-
patient unit. The use of this technology does not fit into the
same categories as the previously discussed comparison of
regional techniques with general anesthesia for the perfor-
mance of intraoperative anesthesia, but nevertheless repre-
sents a significant change and potential advantage for
outpatient surgery. In a review of 11 published studies of
the use of continuous catheters, Ilfeld and Enneking5 found
significant improvement in pain control after discharge in
the patients who were treated with local anesthetic infu-
sions compared with placebo in four trials. In all the pub-
lished series, there is a decreased use of oral analgesic
medications when peripheral nerve catheters are provided.
This is associated with a reduction in several adverse side
effects such as nausea and sleep disturbance. Others have
found a faster return to normal activity18 and greater
patient satisfaction. None of these series have measured
the extent of additional time that is required for the place-
ment of the catheters, which would reasonably be expected
to exceed the performance of a simple single-injection
peripheral nerve block. Nevertheless, significant advan-
tages have been demonstrated with these techniques, and
serve as a further argument for the appropriate use of
regional anesthesia in the outpatient setting.

AREAS OF UNCERTAINTY

The major discussion appears to be the perception of an
increased time to perform regional techniques in the
outpatient setting, and the lower level of reliability of
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regional anesthesia, which counterbalance the improved
postoperative analgesia and a higher degree of alertness,
superior analgesia, and the potential for more rapid dis-
charge. Thus, the controversy is not necessarily whether
regional anesthesia is appropriate in the outpatient
setting, but whether it is a cost-effective, reasonable alter-
native in a specific clinical setting.

In addition to that global controversy, more specific
controversies appear to be related to the use of spinal
anesthesia in the outpatient setting. The issue of post-
spinal headache remains a reality, although the use of
new needles has appeared to reduce the incidence to less
than 1% in adult outpatients. Another controversy asso-
ciated with subarachnoid anesthesia is the phenomenon
of TNS that has been associated most particularly with
the use of lidocaine.3 This is unfortunate because lidocaine
historically is the drug associated with the most rapid res-
olution of blockade and readiness for discharge. Reduc-
tion of the dose or concentration does not appear to
alleviate the frequency of the syndrome. Preliminary data
suggest that the preservative-free 2-chloroprocaine may
be a competitive alternative,13-15 but further data are
needed on the safety and reduced incidence with this
drug. In the meantime, it appears that patients under-
going arthroscopy or lithotomy-position operations on
an outpatient basis have a 15% to 40% risk of the TNS syn-
drome if lidocaine is used for spinal anesthesia. However,
spinal anesthesia is the most reliable and rapid in onset of
the regional anesthetic techniques, and it should be the
ideal technique for other uses in the outpatient setting.

Another issue with spinal anesthesia is the concern
about return of voiding function. Previous data had shown
a high incidence of urinary retention with long-acting spi-
nal blocks, but recent data suggest that urinary retention
after a short-acting spinal anesthetic in low-risk patients
(no history of retention, not hernia or urologic surgery) is
not any more frequent than with general anesthesia.19
GUIDELINES

There are no formal guidelines on the use of regional
anesthesia in the outpatient setting. There are some gen-
eral guidelines based on the literature. Regional anesthe-
sia is appropriate in the outpatient setting. Certain
adjustments must be made to the techniques and the
drugs to ensure an appropriate result.

1. Excessive sedation for the performance of blocks must
be avoided if the advantage of a high degree of alert-
ness and rapid discharge is to be maintained.

2. Rapid onset and highly reliable techniques will help
resolve some of the issues of efficiency and cost-effec-
tiveness. Spinal anesthesia and intravenous regional
anesthesia are perhaps the most appropriate, given
these considerations. Ultrasound guidance may prove
useful in shortening performance time.

3. Peripheral nerve blocks appear to provide the greatest
advantages in the outpatient setting in terms of
discharge times, postoperative analgesia, PACU
bypass, and reduction of nausea, but also are asso-
ciated with slower onset than general anesthesia. The
performance of these blocks in a separate induction area
is therefore optimal.

4. Choice of drugs for peripheral nerve blocks has not
been addressed by any of the comparative studies,
but it remains an issue. Although long-acting amino-
amides may provide 12 to 24 hours of postoperative
analgesia, this benefit must be weighed against the risk
of injury to a numb extremity after discharge, and thus
appropriate guidelines should include clear written
instructions for all patients regarding the protection of
extremities that remain anesthetized after discharge.

5. The use of continuous peripheral nerve infusions adds
significant improvement in postoperative analgesia,
reduction of postdischarge complications, and patient
satisfaction. The additional time required may well be
offset by the advantages for the more painful outpa-
tient procedures.

6. Spinal anesthesia is best performed with small-gauge,
rounded bevel needles to reduce the incidence of post-
spinal headache. Its use should be limited to patients
who can return to the emergency department easily
for evaluation and management of postdural puncture
headache.

7. The problem of TNS has not yet been resolved. It
appears to be lowest with the use of bupivacaine,
although prolonged discharge may be associated with
the use of this drug. Preliminary data suggest that
2-chloroprocaine may have a low incidence,14 but fur-
ther information regarding the safety of the preserva-
tive-free solution is needed.

8. Discharge times after spinal anesthesia also require
careful selection of drug and dose. It appears that
the addition of epinephrine to subarachnoid local
anesthetics increases the potential for urinary reten-
tion and for prolonged discharge times. The use of
fentanyl may be a better choice for intensifying local
anesthetic effect without prolonging discharge due to
urinary retention.

9. Urinary retention after a short-acting spinal anesthetic
in low-risk patients is not any more frequent than
with general anesthesia,19 and these patients can be
discharged without mandatory voiding.

10. The duration of spinal anesthesia is proportional to
the total milligram dose of the local anesthetic
involved, and thus high-dose techniques are generally
best avoided. Preliminary data suggest that preserva-
tive-free 2-chloroprocaine may provide the shortest
duration, potentially competitive with general anes-
thesia. Further data are needed on its safety and
association with TNS.

11. Epidural anesthesia appears to be appropriate in the
outpatient setting, although it should be limited to
the use of short-acting drugs such as chloroprocaine
and lidocaine. It does require a longer time for perfor-
mance and onset than spinal anesthesia.
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AUTHORS’ RECOMMENDATIONS

Based on the data, we believe that regional anesthesia does have
an appropriate role in the outpatient setting if appropriate
techniques, drugs, and doses are selected.

l Local anesthesia is clearly ideal and should be used whenever
possible as the sole anesthetic regimen, or at least included for
postoperative analgesia after any technique.

l Peripheral nerve blockade is highly effective in providing
postoperative analgesia and rapid discharge and should be
used whenever possible for upper or lower extremity surgical
procedures. It is also applicable for some of the truncal
operations such as hernia repair. The use of continuous catheter
techniques provides maximum benefit.

l Performance of a block in a separate induction room may
reduce the additional time otherwise required for regional
anesthesia.

l If neuraxial blockade is chosen, spinal anesthesia has the
advantages of rapid onset and high reliability. Unfortunately, at
the current time there appears to be a persistent risk of TNS
with the drugs and doses that are available. A low dose of
bupivacaine (less than 6 mg) will provide a low risk of TNS
with the potential of a short discharge time, but with a high
degree of variability and a limitation of adequate surgical
anesthesia to the lower extremity and rectal area.

l Performance of an epidural anesthetic provides a more rapid
discharge than with most of the current spinal techniques, and
it provides the added advantage of flexibility in duration and
extent of blockade if a catheter is placed.
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Is Regional Anesthesia Superior
to General Anesthesia for Hip
Surgery?

Michael K. Urban, MD, PhD
Hip surgery is a common procedure, with approximately
300,000 total hip replacements and an equal number of
surgical corrections of femoral neck fractures performed
each year in the United States. Perioperative complica-
tions associated with this procedure include infection,
bone-cement implantation syndrome, pulmonary embo-
lism, myocardial infarction, and death. The mortality rate
with total hip arthroplasty is about 0.15%. Factors asso-
ciated with increased mortality rate are American Society
of Anesthesiologists (ASA) level greater than 2, advanced
age, history of cardiorespiratory disease, and a preopera-
tive diagnosis of a femoral fracture.1 There is at least some
evidence to suggest that general anesthesia may also
increase the risk of perioperative complications in these
orthopedic procedures.2

OPTIONS

Anesthesia for hip surgery can be achieved by the
following:

1. General anesthesia
2. Spinal anesthesia
3. Epidural anesthesia
4. Combined general anesthesia with spinal or epidural
5. Femoral nerve and sciatic nerve block

EVIDENCE

The controversy as to whether, when feasible, regional
anesthesia has an advantage over general anesthesia has
been debated at least since 1911, when George Crile
reported improved outcome in high-risk surgical patients
anesthetized with a regional anesthetic. Although regional
anesthesia would simplistically appear to produce fewer
physiologic perturbations than general anesthesia, the
physiologic effects of both types of anesthesia are com-
plex, and hence the best anesthetic choice for the proce-
dure is not always inherently obvious. Furthermore, the
question of which anesthetic type is best intraoperatively
ignores the possibility that the benefits of regional anes-
thesia may depend on its use for postoperative analgesia.

There is, however, evidence to suggest that compared
with general anesthesia, regional anesthesia reduces the
incidence of perioperative complications (Table 53-1). Perka
and colleagues,2 in a prospective case-control study, showed
general anesthesia to be a major risk for nonsurgical compli-
cations in knee arthroplasty. Rodgers and colleagues,3 in a
review of 141 trials of 9559 patients randomized to either
regional or general anesthesia, reported that regional anes-
thesia reduced the risk of deep vein thrombosis (DVT), pul-
monary embolism, blood loss, respiratory complications,
and death. Regional anesthesia reduced the mortality rate
by one third compared with general anesthesia.

Borghi and colleagues4 studied 210 patients who were
randomly selected to receive epidural, general, or com-
bined anesthesia in hip arthroplasty. Intraoperative and
postoperative blood loss was evaluated as either compen-
sated or noncompensated blood loss by using Nadler’s
formula. The intraoperative and postoperative bleeding,
referred to as compensated blood loss, was similar among
groups. The circulating red blood cell (RBC) mass dropped
on the first postoperative day to a similar extent among the
groups, which recovered by the fifth day after surgery in
patients who underwent epidural anesthesia, whereas no
RBC recoverywas observed in thosewho had received gen-
eral anesthesia alone or combinedwith epidural anesthesia.
The authors speculated that the presence of nitrous oxide in
the anesthetic gas mixture might inhibit erythropoiesis by
altering vitamin B12 functions.

Mauermann and colleagues5 performed a meta-analy-
sis of studies through August 2005 to determine whether
anesthesia choice affected the outcome after elective total
hip replacement. Ten independent trials, involving 330
patients under general anesthesia and 348 patients under
neuraxial block, were identified and analyzed. Pooled
results from five trials showed that neuraxial block signifi-
cantly decreased the incidence of radiographically diag-
nosed DVT or pulmonary embolism. The odds ratio (OR)
for DVT was 0.27 with 95% confidence interval (CI) 0.17
to 0.42. The OR for pulmonary embolism was 0.26 with
95% CI 0.12 to 0.56. Neuraxial block also decreased the
operative time by 7.1 minutes per case (95% CI 2.3 to 11.9
minutes) and intraoperative blood loss by 275 mL per case
(95% CI 180 to 371 mL). Data from three trials showed
that patients under neuraxial block for total hip replace-
ment were less likely to require blood transfusion than
were patients under general anesthesia (21 of 177 ¼ 12%



Table 53-1 Regional versus General Anesthesia for Hip Surgery

Regional General Evidence*

Airway Avoids manipulation of difficult airway and
trauma to unstable cervical spine

It is safer to intubate difficult airway under controlled
conditions before surgery.

NS

Respiratory Reduced incidence of respiratory depression
and failure

Embolization of bone marrow debris may result in
respiratory complications independent of anesthetic.

BS

Cardiac May diminish stress response. Postoperative
epidural analgesia may be cardioprotective

A “cardiac” general anesthetic is just as safe as a
regional anesthetic.

BS

DVT—
pulmonary
embolism

Significant reduction with regional anesthesia
and analgesia

S

Blood loss Reduced with regional anesthesia S

Cognitive
function

No advantage No advantage S

*Evidence: S, supported by well-controlled studies; BS, studies exist to support both regional and general anesthesia; NS, evidence does not exist to support either
claim.
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versus 62 of 188 ¼ 33% of patients transfused, p <0.001 by
z-test). The OR for this comparison was 0.26 (95% CI 0.06
to 1.05).

The Case for Regional Anesthesia in Hip
Surgery

Patients for elective arthroplasty often pose difficult air-
way management problems because of their generalized
osteoarthritis or rheumatoid arthritis that also affects the
cervical spine. In rheumatoid arthritis patients with atlan-
toaxial subluxation of the cervical spine, conventional
endotracheal intubation with direct laryngoscopy can
result in displacement of the odontoid with spinal cord
or medullary compression. For general anesthesia, these
patients require awake fiberoptic endotracheal intubation.
Regional anesthesia avoids manipulation of the airway,
and conscious patients can aid in positioning themselves
in the safest and most comfortable positions.

General anesthesia has numerous effects on the respira-
tory system, leading to ventilation and perfusion inequal-
ities and the development of atelectasis, shunts, and
increased dead space. Neuraxial anesthesia does not inter-
fere with the protective mechanisms of the airway, dia-
phragmatic function is maintained, and nonphysiologic
ventilation/perfusion patterns are not established. Maxi-
mum breathing capacity and active exhalation can be
reduced with the loss of abdominal and intercostal muscle
strength with regional anesthesia, but usually not enough
to produce hypoxemia. In the meta-analysis of Rodgers
and colleagues,3 regional anesthesia reduced the incidence
of respiratory depression by 59% compared with general
anesthesia. Several reports comparing regional with gen-
eral anesthesia for vascular surgery have noted trends
favoring reduced respiratory failure and pneumonia in
the regional group. In 100 patients undergoing lower
extremity vascular surgery randomly assigned to either
regional or general anesthesia, the incidence of respiratory
failure was reduced by more than 50% in the group ran-
domized to regional anesthesia.6 Pulmonary emboliza-
tion of bone marrow debris and methylmethacrylate are
common during hip arthroplasty. Some of these patients
exhibit signs of the bone-cement implantation syndrome,
which can progress to respiratory failure.7 Because these
events are probably independent of the anesthetic, it
may be difficult to determine the role of anesthesia in
respiratory complications.

Because regional anesthesia reduces the catecholamine
stresses associated with myocardial ischemia (tachycardia
and hypertension), cardiac outcome should be improved
compared with general anesthesia. However, in several
randomized trials only one was able to demonstrate an
advantage of cardiac outcome with regional anesthe-
sia.4,8,9 In the meta-analysis of Rodgers and colleagues,3

in 30 trials there were one third fewer myocardial infarc-
tions in patients who received regional anesthesia, but
the confidence intervals were compatible with no effect.
At our institution, all patients for hip arthroplasty receive
regional anesthesia and the incidence of postoperative car-
diac events is about 3%, considerably below published
levels (approximately 8%). However, these patients also
receive epidural analgesia during the period of the highest
incidence of adverse cardiac outcomes, postoperatively.

Surgery induces a hypercoagulable state that is attenu-
ated with regional but not general anesthesia. Several ran-
domized trials have demonstrated that regional anesthesia
reduces the incidence of DVT after orthopedic surgery. In
a meta-analysis of patients undergoing the repair of femo-
ral neck fractures, the incidence of DVT was almost four
times greater in the patients who received general versus
regional anesthesia.10 Pulmonary embolism is the leading
cause of death after hip arthroplasty, and the current evi-
dence suggests that this mortality rate is reduced with
regional anesthesia.11

Significant blood loss can occur with hip surgery, partic-
ularly during hip arthroplasty in which 500 to 1800 mL of
blood loss has been reported. Several studies have demon-
strated a reduction in blood loss with regional anesthesia.12

At our institution, employing hypotensive regional anes-
thesia with mean arterial pressures of 50 to 65 mm Hg, the
intraoperative blood loss has been reduced to less than
300 mL.13
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AREAS OF UNCERTAINTY

Because patients receiving regional anesthesia should the-
oretically be subjected to less systemic medications, their
cognitive function should be preserved compared with
those receiving general anesthesia. However, most trials
have not been able to demonstrate an advantage of one
type of anesthetic in maintaining postoperative cognitive
function. Williams-Russo and colleagues14 found no
advantage in regional anesthesia and analgesia compared
with general anesthesia and intravenous analgesia with
regard to postoperative cognitive function in patients
undergoing total knee arthroplasty.

GUIDELINES

There are no specific guidelines related to choice of
anesthesia.
AUTHOR’S RECOMMENDATIONS

1. The preferred anesthetic for patients undergoing hip surgery is
regional anesthesia. Patients with an abnormal coagulation
profile, critical aortic stenosis, symptomatic idiopathic
hypertrophic subaortic stenosis (IHSS), ankylosing spondylitis,
and previous surgical spine fusions after excluded or
combined femoral and sciatic nerve blocks with sedation may
have to be excluded. We prefer a combined spinal-epidural
anesthetic with plain 1.5% mepivacaine for operations of less
than 2 hours and 0.5% bupivacaine for longer procedures.

2. Patients undergoing total hip arthroplasty should be
monitored with an arterial catheter. Patients with significant
medical comorbidities, repair of pathologic fractures, or
revision arthroplasty should also have central venous access
in the event of significant acute hemodynamic events. The
insertion of a pulmonary artery catheter for patients with a
significant risk for the bone-cement implantation syndrome is
controversial.

3. Hypotensive anesthesia can be achieved by dosing with local
anesthetic through the epidural catheter. To avoid bradycardia
and severe hypotension, an epinephrine infusion is titrated to
the desired mean arterial blood pressure (50 to 65 mm Hg).

4. The epidural catheter is infused postoperatively with a patient-
controlled analgesia (PCA) pump using 0.06% bupivacaine and
10 mg/mL hydromorphone. This mixture usually controls pain
and does not interfere with physical therapy and ambulation.

5. DVT prophylaxis is usually achieved with aspirin; however,
for high-risk patients or procedures, warfarin (Coumadin) or
low-molecular-weight heparin may be administered. The
epidural catheter is removed 2 days after the initiation of
warfarin (Coumadin) therapy and 2 hours before the initiation
of low-molecular-weight heparin.
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 Does Intraoperative Regional
Anesthesia Decrease
Perioperative Blood Loss?

JeffreyM. Richman,MD; James F.Weller, MD; andChristopher L.Wu,MD
INTRODUCTION

Attempts to minimize exposure to allogeneic blood products
remain a goal of perioperative care despite improvements in
the safety of the blood supply. The risks of viral infection, bac-
terial contamination, hemolytic reactions, and transfusion-
associatedlunginjury(TRALI)havebeenreviewed.1Evidence
suggests that allogeneic blood transfusionmayhave immuno-
suppressive effects leading to increased cancer recurrence,
increased susceptibility to wound infections, and even
increased mortality rate.1 Thus, perioperative transfusion of
bloodproductsmaybeassociatedwithanincrease inperioper-
ativemorbidity andmortality rates.

Although there are many strategies to decrease intra-
operative blood loss, use of regional anesthetic techniques
has been suggested to diminish intraoperative blood loss
and blood transfusions.2 In addition to decreasing periop-
erative morbidity and mortality rates, neuraxial blockade
has been shown to diminish the risk of postoperative deep
venous thrombosis and pulmonary embolism.3,4

OPTIONS AND THERAPIES

Many strategies have been suggested to decrease periop-
erative exposure to allogeneic blood products. These can
generally be divided into three categories: (1) pharmaceu-
ticals (e.g., erythropoietin, epsilon-aminocaproic acid,
aprotonin, blood substitutes); (2) techniques (e.g., mini-
mally invasive and other surgical techniques, autologous
donation, acute normovolemic hemodilution, deliberate
hypotension); and (3) devices (e.g., intraoperative blood
salvage). Many of these are discussed elsewhere. How-
ever, in comparison to these options, neuraxial regional
techniques (e.g., spinal and epidural anesthesia) offer a
particularly attractive alternative for reduction of periop-
erative hemorrhage, because they are inherent to the anes-
thetic itself; they require no modification of surgical
technique or additional pharmacologic manipulation.
The majority of randomized data supports the use of neur-
axial regional anesthetic techniques in decreasing blood
loss and need for blood transfusion; however, there is a
lack of large-scale randomized data examining the effect
of peripheral regional anesthesia on perioperative blood
loss. Recently, two meta-analyses have been published
evaluating the effects of neuraxial techniques on surgical
blood loss and blood transfusion requirements.5,6 Data
from these two studies confirm the benefits of neuraxial
anesthesia in reducing blood loss and transfusion require-
ment,5,6 although the combination of general anesthesia
with epidural analgesia seems to negate the benefits of
decreased blood loss.5
EVIDENCE

Since 1966, at least 76 studies comparing regional with
general anesthesia have included either perioperative
blood loss or transfusion requirement as an outcome mea-
sure. Of the two meta-analysis published in 2006, one
identified 66 randomized controlled trials that compared
neuraxial anesthesia to general anesthesia with a quantifi-
cation of intraoperative blood loss,5 and the other identi-
fied 24 trials.6 The large difference in trials included by
the two meta-analyses may be explained by a much
broader search (667 articles reviewed for inclusion5 versus
103 manuscripts6) or possibly by unpublished exclusion
or inclusion criteria that differed between the two studies.
A PubMed search through May 1, 2007, using the search
criteria used by Richman and colleagues,5 identified eight
additional studies that would meet inclusion criteria if the
analysis were repeated. A comparison of blood loss
by location of surgery from the meta-analysis by Richman
and colleagues5 is shown in Table 54-1, and a comparison
of blood loss from trials limited to direct comparisons of
various techniques is shown in Table 54-2.

Some of the variability in the effect of regional anesthe-
sia on blood loss may reflect differing mechanisms of
hemorrhage during different surgical procedures. The
largest body of literature on this subject has focused on
surgery of the hip. Since 1966, at least 26 randomized con-
trolled trials have measured differences in blood loss
based on anesthetic technique with patients undergoing
total hip arthroplasty or hip fracture repair. These studies
have consistently reported significant decreases in blood
loss with neuraxial versus general anesthesia. In 2000 Ste-
vens and colleagues7 published the first data associating
peripheral nerve blockade with reduction in blood loss,
although in this study the difference was eliminated when
those patients with evidence of epidural spread of their
367



Table 54-1 Estimated Blood Loss: Comparison among Anesthetic Techniques and Type of Surgery

Surgery Anesthesia
Mean
Difference* 95% CI p-value

Abdominal Spinal vs.

Epidural �440 �698/�181 <0.001

GA �962 �1169/�756 <0.001

EA-GA �1344 �1561/�1128 <0.001

Epidural vs.

GA �523 �721/�324 <0.001

EA-GA �905 �1113/�696 <0.001

General vs.

EA-GA �382 �521/�243 <0.001

Pelvic Spinal vs.

Epidural �315 �375/�255 <0.001

GA �235 �280/�191 <0.001

EA-GA �150 �227/�72 <0.001

Epidural vs.

GA 79 23/135 0.001

EA-GA 165 81/249 <0.001

General vs.

EA-GA 85 12/160 0.011

Lower Extremity Spinal vs.

Epidural �1 �62/61 1.0

GA �65 �111/�20 0.001

EA-GA �114 �194/�34 0.001

Epidural vs.

GA �65 �120/�9 0.014

EA-GA �114 �200/�27 0.003

General vs.

EA-GA �49 �125/27 0.529

From Richman JM, Rowlingson AJ, Maine DN, et al: Does neuraxial anesthesia reduce intraoperative blood loss? A meta-analysis. J Clin Anesth 2006;18(6):427-435.
*All data expressed in milliliters. A (-) mean difference favors the primary anesthetic. For instance, the first comparison (abdominal; spinal vs. epidural) would have

favored the use of spinal anesthesia in decreasing blood loss by a mean of 440 mL.
CI, confidence interval; EA, epidural anesthesia; EA-GA, combined epidural-general anesthesia; GA, general anesthesia.
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lumbar plexus blockswere eliminated from the analysis. The
trial by Singelyn and colleagues8 comparing general anesthe-
sia, continuous femoral nerve block, and general anesthesia
found no statistically significant difference in blood loss or
transfusion in any of the three groups.8 The association
between regional anesthesia and reduced blood loss during
hip fracture repair compared with total hip arthroplasty
operation has been much weaker. A 1992 meta-analysis of
13 randomized controlled trials comparing regional versus
general anesthesia for surgical repair of femoral neck frac-
tures found no difference in estimated operative blood loss
(use of general anesthesia was associated with a mean of
þ18 mL of blood loss; 95% CI: �99 to þ116 mL).9 Since
1992, at least one other investigation has revealed no differ-
ence in blood loss among patients operated on under contin-
uous spinal, single-dose spinal, or general anesthesia with
positive pressure ventilation.10 This is supported in part by
the meta-analysis by Guay,6 in which a statistically signifi-
cant difference in blood transfusion was seen for total hip
replacement but not for fractured hip. Interestingly, blood
losswas not decreased significantly for total hip arthoplasty,
whereas it was for hip fracture.6 Overall, total blood losswas
much greater in total hip arthoplasty, possibly accounting
for an increased need for transfusion.

Prostate surgery has also been evaluated extensively
in outcomes research comparing regional and general



Table 54-2 Comparison of Estimated Blood Loss from Trials with Direct Comparison of GA versus SA,
GA versus EA, or GA versus EA-GA

N (articles) Mean EBL SD 95% CI p-value

EA 368 (17) 559 372 521-597

GA 399 (17) 748 444 704-791 <0.001

N (articles) Mean EBL SD 95% CI p-value

SA 729 (14) 297 197 283-312

GA 757 (14) 401 211 386-416 <0.001

N (articles) Mean EBL SD 95% CI p-value

EA-GA 399 (20) 1322 822 1241-1403

GA 401 (20) 1244 811 1164-1323 0.175

From Richman JM, Rowlingson AJ, Maine DN, et al: Does neuraxial anesthesia reduce intraoperative blood loss? A meta-analysis. J Clin Anesth 2006;18(6):427-435.
CI, confidence interval; EA, epidural anesthesia; EA-GA, combined general anesthesia and epidural anesthesia; EBL, estimated blood loss (mean blood loss

measured in milliliters); GA, general anesthesia; N, total number of patients in group; SA, spinal anesthesia; SD, standard deviation.
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anesthesia. Numerous studies have been performed on
patients undergoing transurethral resection of the prostate
(TURP), with some investigators finding a decrease in blood
loss attributable to neuraxial anesthesia,11-13 whereas others
have been unable to discern a statistically significant differ-
ence.14-17 Because essentially all of the blood lost during
TURP is aspirated into suction canisters by the resectoscope,
this procedure allows for a relatively easy and extremely
accurate estimate of hemorrhage. Several factors aside from
anesthetic technique have been implicated as causes of
increased blood loss during TURP, including infection and
weight of prostate resected.17 There are nine prospective
studies evaluating blood loss in a randomized fashion for
open prostatectomywith almost universal results of neurax-
ial techniques resulting in decreased blood loss.18-26

Fewer data are available on other general surgical patients.
In a randomized study of the effects of epidural anesthesia on
splanchnic blood flow during colorectal surgery, Mallinder
and colleagues27 noted a nonsignificant trend toward
decreased blood loss among patients receiving epidural
blockade in comparison with a total intravenous anesthetic
control group. Bredtmann and colleagues28 found similar
results in a study of 116 colonic surgery patients randomized
to receive general anesthesia followed by systemic opioids or
combined general/epidural anesthesia followed by continu-
ous epidural infusion of bupivicaine postoperatively. The
authors found no significant difference in blood loss, despite
a trend toward increased need for blood replacement among
the regional anesthesia patients.28 These findings are consis-
tent with earlier retrospective reviews of patients undergoing
gastrointestinal surgery, which failed to demonstrate a differ-
ence in blood loss between patients treated with regional
versus general anesthesia.29,30 Blood loss for many gastroin-
testinal procedures is relatively small when compared with
hip arthroplasty or radical prostatectomy,whichmayaccount
for inconsistency in individual clinical trials in demonstrating
reduced blood loss. One possible explanation for the lack of
decreased blood loss noted for general surgical patients is
the confounding factor of combined general-epidural anes-
thesia resulting in equivalent operative blood loss to general
anesthesia alone. The meta-analysis by Richman and collea-
gues5 demonstrates decreased blood loss for abdominal
operations with spinal or epidural anesthesia comparedwith
general anesthesia but no difference in blood losswith a com-
bined technique. It is not clearwhy the combinationof general
anesthesia with epidural analgesia negates the benefits of
decreased blood loss. The mechanism may be related to the
use of spontaneous versus controlled ventilation (where con-
trolled ventilation might result in slightly higher venous
pressure and blood loss comparedwith spontaneous ventila-
tion)31 or other undetermined factors. In a study on radical
prostatectomy, combined epidural-general anesthesia with
spontaneous ventilation did result in a decrease in blood loss
compared with general anesthesia alone.26

As in gastrointestinal surgery, the data for vascular sur-
gery are limited and equivocal. Randomized trials of
combined epidural/general anesthesia versus general anes-
thesia alone for patientsundergoing repair of abdominal aor-
tic aneurysms (AAAs) failed to discern a difference in blood
loss or transfusion requirement.32,33 A more recent retro-
spective review of endoluminal AAA repairs found similar
results.34 There is, however, at least one studydemonstrating
lower blood loss during vascular surgerywith subarachnoid
anesthesia. In 1986, Cook and colleagues35 randomized 101
patients undergoing lower-extremity peripheral vascular
surgery to receive either general or spinal anesthesia and
found that blood loss was significantly lower in the spinal
(560 � 340 mL) than in the general anesthesia group (792 �
440 mL). The spinal group also experienced significantly
greater hypotension in this study.

A variety of other mechanisms have been proposed to
explain the beneficial effects of regional anesthesia on
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perioperative hemorrhage. The most frequently cited expla-
nation has been that neuraxial blockade predictably lowers
arterial blood pressure, which, in turn, has been associated
with decreased blood loss. However, in an elegant study of
regional versus general anesthesia for total hip arthroplasty,
Modig36 demonstrated that the effects of regional anesthesia
on peripheral venous pressuremay bemore relevant.Modig
randomized 38 patients undergoing total hip arthroplasty to
one of three anesthetics: (1) epidural anesthesia alone; (2)
general anesthesia with spontaneous ventilation; or (3) gen-
eral anesthesia with positive pressure mechanical ventila-
tion. As expected, the epidural group experienced lower
mean arterial blood pressure and less blood loss than either
general anesthesia group. However, there was no significant
correlation between arterial blood pressure and blood loss.
Meanwhile, regression analysis revealed significant relation-
ships between peripheral venous pressure (measured in the
operative wound) and intraoperative blood loss for all three
groups (r ¼ 0.92 to 0.94).36 Modig postulates that arterial
bleeding contributes less to intraoperative hemorrhage than
venous bleeding, because it is easier to control surgically.
AREAS OF UNCERTAINTY

Any legitimate study of the effects of anesthetic technique on
surgical blood loss must a priori describe and utilize a vali-
dated, accurate technique of measuring the amount of blood
actually lost. Unfortunately, much of the data available on
anesthetic technique andblood loss is reported as a secondary
outcome variable; however, subgroup analysis from a recent
meta-analysis of intraoperativeneuraxial regional versus gen-
eral anesthesia trials demonstrated that use of neuraxial
regional anesthesia decreased perioperative transfusion
requirements by 50%.3 Decreased blood loss and transfusion
requirements have been confirmed by both the recent meta-
analyses, although the analysis by Richman and colleagues5

showed decreased transfusion only with spinal anesthesia
and the decrease in transfusion noted in Guay’s study6 was
negated if the effect of total hip arthroplasty is removed. Nev-
ertheless, the methods used to calculate blood loss are often
suspect. Other authors have chosen not tomeasure blood loss
at all, but used transfusion requirement as a surrogate end-
point.29 Although transfusion requirement may represent a
clinically relevant marker for the efficacy of a technique to
minimize blood loss, it is subject to individual variation in cri-
teria for transfusion.

Several techniques for accurately measuring intra-
operative and postoperative blood loss have been estab-
lished, but none has gained uniform acceptance. The
most commonly employed technique is the “gravimetric”
method, which consists of adding the volume estimated
from the weight of surgical sponges to that in suction can-
isters. More sophisticated photometric methods have been
developed for transurethral surgery, during which essen-
tially all the lost blood is conveniently collected through
the suction port of the operative resectoscope.37,38

The most consistent methodologic problem in studies
of regional versus general anesthesia and blood loss has
been standardization of mean arterial pressure (MAP)
and central venous pressure (CVP). Deliberate arterial
hypotension has been shown to reduce blood loss in a
variety of settings, including total hip arthroplasty.39-41
Meanwhile, deliberate central venous hypotension has
been demonstrated to diminish blood loss during hepatic
resection.42 Another study, however, disputes the effects
of profound hypotension (45 to 55 mm Hg) on blood loss,
although this may have been the result of imprecision in
the measurement technique (as in all studies) or a plateau
in benefit of deliberate hypotension in decreasing blood
loss.43 Because major conduction blockade is well known
for its ability to induce arterial and venous hypotension,
any study of the effects of regional versus general anesthe-
sia on blood loss should ideally include a description of
hemodynamic responses to anesthesia.

The ability of regional anesthesia to decrease perioperative
blood losswould not be predicted based on the known hema-
tologic effects of local anesthetics. Studies attempting to
elucidate the mechanisms behind the decreased risk
of thromboembolic events following regional compared with
general anesthesia have shown that local anesthetics exert
numerous anticoagulant effects. These include (1) enhanced
fibrinolytic activity produced via prevention of postoperative
increases inplasminogenactivator inhibitor1 (PAI-1); (2)more
rapid return of antithrombin III levels from increased to nor-
mal values; (3) attenuation of postoperative increases in plate-
let aggregation; and (4) epidurally administered local
anesthetics reach plasma concentration sufficient to impair
platelet aggregation and reduce blood viscosity directly.44

Despite the suggestion that intraoperative regional anesthesia
will decrease perioperative blood loss and blood transfusion
requirements, the presence of methodologic issues in the ran-
domized studies examining the effect of regional anesthesia
on blood loss make it difficult to draw clear conclusions. The
data from the recently published meta-analyses confirm the
expected benefits of decreased blood loss and transfusion for
neuraxial anesthesia when not combined with general anes-
thesia; however, the exact mechanism for this is still unclear.
If reduced blood loss is primarily related to the effect of spon-
taneous rather than positive pressure ventilation, it may
ultimately prove that there is no definitive link between
decreased blood loss and neuraxial anesthesia.

GUIDELINES

No practice guidelines exist regarding the use of regional
anesthesia in an attempt to decrease perioperative blood loss.
AUTHORS’ RECOMMENDATIONS

l Based on the available evidence, neuraxial blockade induces
both arterial and venous hypotension below the level of
blockade. This relative hypotension appears to result in
diminished blood loss during surgery and as long as the block
is maintained postoperatively.

l The beneficial effects of neuraxial anesthesia on hemorrhage
may be lost when positive pressure ventilation is employed.
Therefore, if a combined regional/general anesthesia technique
is employed, spontaneous ventilation should be maintained
when possible and if there are no additional risks to the patient
(with use of spontaneous ventilation) versus controlled
ventilation.

l There is no current high-quality evidence to support an
association between peripheral nerve blockade and reduction in
blood loss.
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What Is the Optimal
Management of Post–Dural
Puncture Headache?

David Wlody, MD
INTRODUCTION

Despite advances in equipment and regional anesthetic tech-
niques, post–dural puncture headache (PDPH) remains a
persistent problem. In many cases, the headache is mild in
intensity and brief in duration, without significant sequelae.
This is not always the case, however. PDPH is occasionally
severe enough to leave patients bedridden, and often delays
hospital discharge. PDPH can be prolonged, with reports of
symptoms lasting months or even years.1 Untreated PDPH
can lead to the development of persistent cranial nerve
palsies and even subdural hematoma.2,3 Finally, despite the
perception among physicians that PDPH is merely a nui-
sance, it is a surprisingly frequent, and a sometimes distress-
ingly costly, source of litigation.4

A wide range of both conservative and invasive treat-
ments for PDPH has been described in the literature, some-
times with scant scientific support. In this review, the
rationale for the more common treatments of PDPH will
be discussed, based on our current understanding of the
pathophysiology of PDPH. The evidence supporting these
techniques will be described, when such evidence exists.
Because there are so few well-controlled studies of the
treatment of PDPH, however, many of the treatment
recommendations will be based on case reports, observa-
tional studies, and personal experience. A century after
August Bier first described PDPH, the optimal manage-
ment of PDPH is a question that remains unanswered.5
PATHOPHYSIOLOGY

Limitations of length require that this review deal primarily
with the treatment of PDPH. It should not be forgotten,
though, that our main goal should be the prevention of
PDPH; as in many other areas of medicine, prevention is
far preferable to treatment. There are numerous risk factors
for PDPH that cannot be modified, but the two most
important can be: needle shape and size. The use of small
pencil-point needles for spinal anesthesia (25- or 27-gauge
Whitacre, Sprotte, or Gertie Marx needles) will reduce the
incidence of headache after dural puncture to 1%or less even
in high-risk populations.6 If a cutting needle (e.g., Quincke)
is used, insertion of the needle with the bevel parallel to
the longitudinal axis of the body will significantly decrease
the risk of headache.7Whenperforming epidural anesthesia,
the option of using such small needles is not possible; we
must instead rely on meticulous technique. The use of the
combined spinal-epidural technique may reduce the risk of
accidental dural puncture; the incidence of headache requir-
ing autologous epidural blood patch has been reported to be
no higher with this technique than with traditional epidural
anesthesia.8

An understanding of the pathophysiology of PDPH is
essential when considering its treatment. There are two
competing yet somewhat complementary theories. The
first is predicated on the belief that the continued leak of
cerebrospinal fluid (CSF) from a dural puncture leads to
a loss of fluid from the intracranial compartment. The loss
of the cushioning effect of CSF allows the brain to sag
within the skull, placing traction on the pain-sensitive
meninges, an effect that becomes most apparent in the
upright position. This suggests that the treatment of
PDPH should be based on minimizing the leak of CSF,
increasing CSF production, or translocating CSF from the
spinal to the intracranial compartment.

The second theory postulates that the loss of CSF
causes intracranial hypotension, which leads to compen-
satory cerebral vasodilation. This suggests that PDPH is
similar to migraine headache, a theory supported by the
similarly increased incidence of migraine and PDPH in
women, and also by MRI studies that demonstrate
enhanced cerebral blood flow in PDPH.9 This theory sug-
gests that PDPH will be relieved by restoration of intracra-
nial CSF volume, but also that cerebral vasoconstrictors
might provide symptomatic relief.
OPTIONS

The treatment of PDPH is traditionally divided into con-
servative and, for want of a better term, aggressive treat-
ment. These will be described next.

Conservative Treatment

Bed rest
Hydration
Prone position
Abdominal binder
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Caffeine, oral or parenteral
Triptans
Adrenocorticotropic hormone (ACTH)/corticosteroids

Aggressive Treatment

Intrathecal saline injection
Intrathecal catheter
Epidural saline
Epidural blood patch
Prophylactic epidural blood patch
Epidural dextran

EVIDENCE

Bed Rest

Bed rest will provide symptomatic relief of PDPH. How-
ever, a review of the literature demonstrated that bed rest
after dural puncture did not reduce the risk of developing
a headache; in fact, there was a trend toward increased
headache in patients placed at rest.10 There was no evi-
dence that prolonging the duration of bed rest after dural
puncture decreased the likelihood of headache. Early
ambulation after dural puncture should be encouraged;
patients with an established headache should ambulate
as much as they are able to.

Hydration

Despite the widespread enthusiasm for aggressive hydra-
tion after dural puncture, there is only a single study of
fluid supplementation after dural puncture; there was no
evidence of any decrease in the incidence of PDPH.11

Prone Position

The prone position can relieve headache in some patients
with PDPH, but there are no published studies supporting
this common practice. Presumably, increased intraabdom-
inal pressure translocates CSF from the lumbar spine to
the intracranial compartment. The prone position may be
worthwhile in patients whose surgical incision does not
preclude this posture.

Abdominal Binder

A single study suggested that an abdominal binder pre-
vents the development of spinal headache.12 It may pro-
vide symptomatic relief by the same mechanism as
prone positioning. Again, this may not be feasible in
patients with an abdominal incision.

Caffeine, Oral or Parenteral

A study of 41 patients with headache unresponsive to con-
servative measures demonstrated that intravenous caffeine
500 mg led to permanent resolution of symptoms in 70% of
subjects.13 The small size of the study and the lack of a con-
trol group cast doubt on the routine use of this therapy. As
intravenous caffeine is unavailable in many hospitals, the
use of oral caffeine has been proposed as a substitute. Oral
caffeine, 300 mg, produces a more significant decrease in
headache intensity than placebo; the effect is short-lived,
however, and there is no reduction in the percentage of
patients requiring epidural blood patch.14

Sumatriptan

The serotonin agonist sumatriptan is a cerebral vasocon-
strictor that is used to treat migraine. One study reported
relief of PDPH in four of six patients treated with 6 mg
subcutaneous sumatriptan.15 A subsequent study did not
replicate these results, and this treatment should be con-
sidered unproven.16

Corticosteroids/ACTH

A number of case reports have suggested a therapeutic
role for corticosteroids or adrenocorticotropic hormone.
A single randomized study demonstrated that high-dose
hydrocortisone reduced the severity of spinal headache
compared with placebo.17 A randomized study could not
demonstrate any benefit to the administration of ACTH.18

Intrathecal Saline

Injection of 10 mL of preservative-free saline via the
Tuohy needle after accidental dural puncture decreased
the incidence of headache from 62% to 32%. Injection of
normal saline through an intrathecal catheter placed after
accidental dural puncture also appeared to decrease head-
ache, but the number of patients in this group was too
small to achieve statistical significance.19

Intrathecal Catheter

After accidental dural puncture during attempted epidural
placement, a catheter can be placed in the subarachnoid
space to provide continuous spinal anesthesia. Some stud-
ies have suggested that this technique will reduce the inci-
dence of subsequent spinal headache.20 This result has not
been consistently demonstrated, however, perhaps because
of differing durations of subarachnoid catheterization in
different studies.21 In fact, one study did show improved
results when the catheter remained in place for 24 hours
after delivery.22 If a spinal catheter is placed, it is critical
to maintain the sterility of the catheter. It is also imperative
that all anesthetic providers are aware of the subarachnoid
location of the catheter, to prevent the injection of large (epi-
dural) doses of local anesthetic.

Epidural Saline

Continuous epidural infusions of normal saline have been
reported to prevent or relieve the symptoms of PDPH
after accidental dural puncture during epidural place-
ment.23 Unfortunately, discontinuation of the infusion
usually leads to recurrence of the headache. This tech-
nique may be useful in patients who refuse an epidural
blood patch, providing symptomatic relief until the dural
puncture spontaneously heals.

Epidural Blood Patch

The epidural blood patch (EBP) has been proposed as the
gold standard for the treatment of PDPH, with early
reports suggesting a success rate (permanent and
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complete relief of headache) of as high as 95%. Unfortu-
nately, the great majority of these studies were not
prospective, and a meta-analysis suggests that evidence
for the efficacy of EBP is lacking.24 Additionally, more
recent reports suggest that the success rate of EBP may
actually be as low as 65%.25 EBP is least likely to be suc-
cessful in patients with larger dural punctures, the very
patients in whom headache is most likely to be severe
and persistent. In those patients with recurrence of head-
ache after EBP, a repeat procedure is usually successful.
Failure of a second EBP should encourage a search for
other possible causes of the headache.

There are technical aspects of a blood patch that
increase the likelihood of its success. The spinal interspace
chosen for the blood patch should be as close as possible
to the initial puncture site, but if the volume of injected
blood is sufficient, the spread of blood in the epidural
space is usually extensive enough to reach the dural punc-
ture site from any lumbar interspace. If significant back
pain does not develop during injection, a volume of 15
to 20 mL of blood is optimal. The success rate of EBP is
improved if the patient is allowed to remain supine for
at least 1 hour, and possibly as long as 2 hours.26 The
patient should be advised to avoid heavy lifting or strain-
ing for at least 48 hours, because a forceful Valsalva
maneuver may dislodge the patch, leading to recurrence
of headache.

The decision to perform an EBP may be influenced by
other considerations. The procedure is obviously contrain-
dicated in patients thought to be bacteremic, but a low-
grade fever is probably not a contraindication, especially
if antibiotic therapy has been initiated. Despite early con-
cerns that central nervous system involvement would be
accelerated in human immunodeficiency virus (HIV)–
infected patients receiving a blood patch, there is no evi-
dence that this is the case, and EBP is not contraindicated
in these patients.27 Finally, for Jehovah’s Witness patients
who refuse EBP for religious reasons, the use of epidural
dextran may be an effective alternative, although pub-
lished experience with this technique is limited, and the
patient should be fully informed about the speculative
nature of this therapy.

Prophylactic EBP

EBP administered via an epidural catheter placed
subsequent to accidental dural puncture has been
reported to decrease the incidence of PDPH by as much
as half, from 70% to 30%.28 More recent work suggests
that the usefulness of prophylactic EBP has been signifi-
cantly overstated,29 although there is evidence that while
prophylactic EBP does not prevent headache, it may
decrease its duration.30 Because not all patients will
develop PDPH after dural puncture, a substantial number
of those who receive a prophylactic EBP will be treated for
a complication that may never have developed even in the
absence of the treatment. It is therefore essential that
patients be fully informed of the potential complications
of EBP, and that every effort is made to prevent those
complications, particularly infection.
Epidural Dextran

In those patients who cannot receive EBP because of fever,
or who refuse EBP because of religious reasons, epidural
dextran has been used with some success.31 This modality
has never been studied in prospective fashion, and con-
cerns about the potential for neurotoxicity and the risk of
allergic reaction remain. Epidural dextran infusions must
be considered nonstandard therapy at the present time.

AREAS OF UNCERTAINTY

Pharmacologic Management

In view of the mixed results of such interventions as caf-
feine, sumatriptan, and ACTH, yet acknowledging the
benign nature of these treatments, is there any value to a
trial of these agents, or should EBP be offered early in
the course of PDPH?

Intrathecal Catheter Placement after
Accidental Dural Puncture

Evidence as to the prophylactic value of this technique is
sufficiently heterogeneous, and the potential risks of intra-
thecal catheterization (drug overdose, infection) are great
enough that utilization of this technique or the placement
of an epidural catheter at a different level can both be
justified.

Neuroimaging

There is considerable overlap between the symptomatol-
ogy of PDPH and intracranial venous thrombosis. In the
setting of a failed initial EBP, it is not clear whether neuro-
imaging studies should be obtained before repeat EBP.32

GUIDELINES

The Therapeutics and Technology Assessment Subcom-
mittee of the American Academy of Neurology has con-
cluded that the use of an atraumatic spinal needle
decreases the incidence of PDPH in adult patients, as does
the use of smaller-sized needles.33

The American Society of Anesthesiologists Practice
Guidelines for Obstetric Anesthesia recommends that pen-
cil-point spinal needles should be used instead of cutting-
bevel needles in order to decrease the risk of PDPH.34
AUTHOR’S RECOMMENDATIONS

It should be clear from the preceding discussion that PDPH can
be debilitating, that it can cause serious morbidity, and that it
may, in fact, result in significant litigation. In view of the multiple
consequences of PDPH, the anesthesiologist should make every
effort to minimize the risk of headache by optimizing those fac-
tors that can be controlled, namely needle size and shape. Despite
our best efforts, though, these headaches will continue to occur,
and we will continue to be called on to manage them.
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AUTHOR’S RECOMMENDATIONS—Cont’d

Unfortunately, despite many years of research, it is still not clear
what is the optimal treatment of PDPH. What follows, then, is
one suggested management approach, based on the literature,
but also on personal experience.

In patients who develop spinal headache, ambulation should
not be restricted because bed rest has no demonstrated effect on
the duration of spinal headache. The patient should therefore
ambulate as much as he or she can tolerate. Although forced
hydration is unlikely to augment CSF production to any signifi-
cant degree, dehydration will worsen the headache, and intrave-
nous fluids should be provided to patients who are unable to
maintain adequate oral intake. Oral analgesics should be made
available; in severe headache, narcotic analgesics may be
required, and should be provided on a round-the-clock basis.

In patients who decline or who cannot receive an epidural
blood patch, pharmacologic therapy should be considered. The
only therapy that appears to be consistently effective is caffeine;
if the intravenous preparation is available, one or two doses of
caffeine benzoate 500 mg should be administered. Otherwise,
300 mg of oral caffeine can be administered every 6 hours. Until
more supportive evidence is available, the routine use of suma-
triptan cannot be recommended.

My practice is to wait at least 24 hours after the onset of symp-
toms before considering a blood patch because some headaches
may resolve by that time, and I would prefer to avoid the possible
complications of epidural blood patch in headaches that resolve
that quickly. There are exceptions, however; in patients with a
debilitating headache due to accidental dural puncture with
a large epidural needle, the likelihood of rapid spontaneous reso-
lution is small, and I will perform a blood patch soon after the
development of symptoms. Bear in mind, however, that epidural
blood patch performed within 24 hours of dural puncture has a
lower success rate; whether this is because headaches treated
within 24 hours are more severe, and thus more likely to lead to
failed blood patch, or whether there is an intrinsic increased fail-
ure rate with early blood patch is unclear.

In the setting of a known accidental dural puncture during
epidural placement, the likelihood of headache is so high that
prophylactic measures should be considered. Because the evi-
dence that placing an intrathecal catheter through a dural punc-
ture decreases the incidence of headache is inconsistent, the
decision to use a continuous spinal anesthetic should be made
on the basis of other considerations, such as difficult airway or
morbid obesity, in addition to the possible effect on the develop-
ment of headache. If this is done, it is critically important for all
caregivers to be notified of the intrathecal location of the catheter,
to prevent the administration of what would be an appropriate
epidural dose into the subarachnoid space. If a catheter is placed
in the epidural space subsequent to a dural puncture, an infusion
of epidural saline (20 to 30 mL/hr) will frequently prevent a
headache from developing; however, a headache usually devel-
ops after the infusion is stopped. Finally, an immediate blood
patch performed via an epidural catheter may prevent the devel-
opment of a headache. Of course, as many as 50% of patients with
a dural puncture from even a 17-gauge Touhy needle will not
develop a headache, and these patients therefore would be treated
unnecessarily; for this reason, I reserve immediate epidural blood
patch for those patients in whom I suspect a repeated epidural
procedure would be technically difficult. I also reserve immediate
blood patch for those patients whose epidural catheters were trea-
ted in strict sterile fashion after the initial dural puncture, because
the consequences of injecting blood through a contaminated cath-
eter are potentially catastrophic.
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56
 Should Ultrasound Guidance
Be Used for Peripheral Nerve
Blockade?

Michael Aziz, MD
INTRODUCTION

Ultrasound guidance for peripheral nerve blockade is
gaining popularity among anesthesiologists for several
reasons, including greater success rates and potentially
fewer complications from nerve injury/paresthesia, local
anesthetic toxicity, pneumothorax, painful muscle stimu-
lation, and neuraxial anesthesia. Historically, peripheral
nerve blocks were placed using a technique that elicited
paresthesia on needle contact with a nerve. By adding
nerve-stimulating devices, we have been able to more
precisely locate peripheral nerves based on nerve twitch
patterns. The improved resolution of modern ultrasound
devices now allows us to visualize the peripheral nerves
that we hope to anesthetize and/or their surrounding
structures and to successfully guide our needle place-
ment. Finally, in the growing number of outpatient pro-
cedures, ultrasound guidance techniques may improve
control of postoperative pain.

Some basic knowledge of the physics of ultrasound tech-
nology may be useful here. An ultrasonographic image is
produced by passing an electric voltage through a piezoelec-
tric crystal, directing the pulse into tissue, and recording its
reflection (echoes) off the tissue. Tissues are visualized as
image structures, and their interfaces have differing acoustic
impedance, so that the pulse is reflected, refracted, or
scattered. A transducer that sends a high-frequency signal
can gain higher resolution, but often for only very superfi-
cial structures because resolution decreases as penetration
(depth) increases. Newer ultrasound machines, however,
can produce higher resolution at deeper penetrations.
TECHNIQUE

Ultrasound-guided technique involves several steps. To
begin, the probe orientation is critical to accurate identifi-
cation of the structures; so, the anesthesiologist must
know which end of the probe is orienting in which direc-
tion. To maintain proper orientation, some devices are
equipped with a palpable dot on the side of the probe that
corresponds to a dot on the screen. The appropriate probe
is chosen based on patient size, the nerve to be blocked,
and the resolution required. To visualize deep neural
structures, we recommend using a curved array probe.
A preblock scan should be performed to identify the
nerve and, perhaps more important, the surrounding
structures such as bone, muscle, vascular structures,
neuraxis, and pleura. To optimize the view, the anesthesi-
ologist adjusts the transducer by sliding it along the
skin, rotating it, and tilting it. After sterile prep, including
a sterile sleeve around the ultrasound transducer, a needle
is advanced close to the nerve without making direct con-
tact. A needle kept in plane with the probe allows its
entire course to be followed. Errors are described with this
technique when the practitioner loses sight of the needle
tip.1 With the needle, nerve, and surrounding structures
in view, a catheter can be placed for continuous peri-
neural infusion or local anesthetic can be placed around
the nerve. The local anesthetic should be seen completely
surrounding the nerve2; however, if the nerve is directly
injected, it will appear swollen.3-5 For the brachial plexus,
local anesthetic should be seen encircling all the relevant
segments of the plexus.

EVIDENCE

Overall, data support the use of ultrasound guidance
as a safe adjunct to nerve stimulation techniques or as
a complete replacement for nerve stimulation. The most
difficult question to answer is whether ultrasound guid-
ance improves success rates and decreases complica-
tions. Studies have used various criteria to demonstrate
higher success rates for ultrasound guidance compared
with conventional techniques. However, because the rate
of major complications from regional anesthesia is so
low, only very large multicentered trials or meta-analyses
could show that ultrasound guidance adds safety to
regional anesthesia6,7; to date, no such studies exist.
Although their outcome measures vary, randomized trials
have demonstrated several benefits of ultrasound over
nerve stimulation or other landmark techniques.

Procedure Attempts, Times, and Comfort

Findings indicate that less time and fewer attempts are
needed to successfully perform a block using ultrasound
guidance and that patient comfort is improved. Three ran-
domized studies demonstrated quicker procedure times
by measuring time intervals from first skin puncture to
377
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removal of the needle.8-10 The elapsed time from probe
placement through completion of injection was also
shorter compared with nerve stimulation techniques.11

Although these ultrasound techniques are approximately
2 to 6 minutes faster than landmark or nerve stimulation
techniques, they do not account for prescanning and prep-
aration of the ultrasound machine and probe, which could
lengthen the procedural time. Fewer attempts have been
reported for ultrasound-guided sciatic nerve blocks.12 All
these findings indicate that patient comfort is likely
improved because the needle is in contact with the patient
for a shorter period of time. In fact, children expressed
lower pain scores during block performance with ultra-
sound compared with nerve stimulation.13 There was also
a lower incidence of paresthesia compared with landmark
techniques.14 In a patients with fractures of the extremity,
painful muscle contractions that occur with nerve stimula-
tion can be avoided with an ultrasound-guided nerve
block.15
Block Onset Time

In several randomized trials, onset times were shorter
for ultrasound-guided blocks than for blocks placed with
conventional techniques. More specifically, shorter onset
times have been documented for brachial plexus blocks
in children and for femoral (three-in-one) blocks in
adults.13,16-18 Casati and colleagues19 demonstrated a fas-
ter onset of sensory axillary brachial plexus block but
found no difference in onset of motor block or in overall
preparation time for surgery.19 Similarly, sensory block
onset was faster for supraclavicular brachial plexus blocks
while the rate of motor block onset was unchanged.20

Onset times were also faster for interscalene and axillary
brachial plexus blocks under ultrasound compared with
nerve stimulation,17 although no difference in onset
time was detected for sciatic nerve block.12 The explana-
tion for shorter onset times is not clear. However, with
ultrasound guidance, we can see that the anesthetic is
completely surrounding the nerve, which may not be
occurring with nerve stimulation techniques.
Local Anesthetic Volume

Ultrasound may also provide the means to reduce the
dose of local anesthetic necessary to achieve endpoints
in a nerve block. For example, a lower volume of local
anesthetic was required to encircle sciatic nerves (one-
half volume) and femoral nerves (one-third volume) in
children using ultrasound guidance compared with the
set dose used for nerve stimulation. The ultrasound-
guided group achieved successful blocks that also lasted
longer than the nerve stimulation group.21 For ilioingui-
nal/iliohypogastric nerve blocks, children needed less
local anesthetic using ultrasound than using conventional
“facial click” techniques (0.19 mL/kg versus 0.3 mL/kg).
The ultrasound group of children also had better-quality
blocks, based on a physical examination of sensory and
motor block distribution.22 An ultrasound-guided group
that received 20 mL of local anesthetic for a femoral nerve
block experienced a higher-quality block than a nerve
stimulation group that received 30 mL of local anes-
thetic.16 Casati and colleagues19 used the up-and-down
staircase method to determine the amount of anesthetic
required to achieve a sensory and a motor femoral nerve
block. The minimum effective volume of ropivicaine
0.5% was 15 mL in the ultrasound-guided group and
26 mL in the nerve stimulation group.23 Ultrasound
guidance likely reduces local anesthetic dosing because
reliable visualization of the local anesthetic spread around
a nerve is possible to confirm the block. A lower total dose
of local anesthetic may be a means to reduce the incidence
of systemic local anesthetic toxicity.
Block Quality and Success

Success rates for nerve blocks can be difficult to assess,
and criteria vary depending on the purpose of a block.
For example, if a block is placed for postoperative pain
relief, effectiveness may be measured by opiate consump-
tion or distribution of sensory analgesia. If the purpose
of the block is surgical anesthesia, measures of complete
sensory and motor blocks, block supplementation, or the
conversion rate to general anesthesia may be necessary
to determine success. Lower intraoperative and post-
operative analgesia was required in children receiving
ilioinguinal/iliohypogastric nerve blocks with ultrasound
placement compared with conventional “facial click”
technique.22

Clinical studies favor ultrasound over conventional
techniques for improved block quality as assessed by
physical examination measurements. Several randomized
studies have demonstrated reduced sensitivity to painful
stimuli after ultrasound-guided femoral (3:1) blocks in
adults and infraclavicular brachial plexus blocks in chil-
dren.13,16,18 Ultrasound-guided interscalene and axillary
brachial plexus blocks also produced more complete
sensory and motor blocks.17 A higher incidence of com-
plete sciatic nerve block and better tolerance of a tourni-
quet have been found with ultrasound compared with
nerve stimulation.12 Success rates are also higher in ultra-
sound-guided axillary brachial plexus blocks compared
with the transarterial approach.10 Half of the failures
in the transarterial approach result from inability to locate
the axillary artery, and the remainder are caused by inad-
equate intraoperative analgesia. In a quality study, Chan
and colleagues11 randomized three groups to receive axil-
lary brachial plexus blocks using (1) ultrasound guidance,
(2) nerve stimulation, or (3) both; success was defined as
complete sensory block of the radial, median, and ulnar
nerves. Ultrasound guidance with or without nerve stim-
ulation was superior to nerve stimulation alone, and add-
ing a nerve stimulator to the ultrasound technique did not
provide any additional benefit. However, another study
involving supraclavicular brachial plexus blocks did not
report improved success or a reduced conversion rate to
general anesthesia with ultrasound guidance and nerve
stimulation techniques compared with nerve stimulation
alone.8

Two studies have been published regarding the dura-
tion of analgesia and the benefits of ultrasound guidance
compared with nerve stimulation. In one pediatric study,
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the time to first analgesic pain medicine was longer with
ultrasound-guided sciatic and femoral nerve blocks.21

This improved analgesic duration was also reported in
children with ultrasound-guided infraclavicular brachial
plexus blocks.13

Avoiding Intraneural Injection

Ultrasound may reduce the incidence of intraneural
injection of local anesthetic. Most experts in regional
anesthesia agree that intraneural injection is associated
with postoperative neurologic dysfunction and should be
avoided. Before ultrasound technology, the only indica-
tors for intraneural needle placement were very painful
Table 56-1 Summary of Randomized Controlled Tria
Nerve-stimulated Peripheral Nerve Block

Study, Year Site (n) Study Design Interve

Chan et al.,11

2007
Axillary brachial
plexus (188)

Double-blinded
RCT

Ultraso
alone o
ultrasou
nerve
stimula

Casati
et al.,23 2007

Femoral (60) Up-and-down
staircase method
for minimum
effective volume

Ultraso
guided

Dingemans
et al.,9 2007

Infraclavicular
brachial plexus (73)

Prospective RCT Ultraso

Casati
et al.,19 2007

Axillary brachial
plexus (60)

Prospective RCT Ultraso

Domingo-
Triado
et al.,12 2007

Sciatic (61) Prospective RCT Ultraso

Oberndorfer
et al.,21 2007

Pediatric femoral
and sciatic (46)

Prospective RCT Ultraso

Sites et al.,10

2006
Axillary brachial
plexus (56)

Prospective RCT Ultraso

Willschke
et al.,22 2005

Pediatric
ilioinguinal/
iliohypogastric (100)

Prospective RCT Ultraso

Marhofer
et al.,13 2004

Infraclavicular
brachial plexus (40)

Prospective RCT Ultraso

Williams
et al.,8 2003

Supraclavicular
brachial plexus (80)

Prospective RCT Ultraso
nerve
stimula

Marhofer
et al.,16 1998

3:1 femoral nerve
block (60)

Prospective RCT Ultraso

Marhofer
et al.,18 1997

3:1 femoral nerve
block (40)

Prospective RCT Ultraso
paresthesia, high injection pressures, or very low nerve
stimulation current necessary to achieve a twitch. In an
ultrasonographic study in pigs, Chan and colleagues3

produced clear image differences between a perineural
injection and a direct injection of a nerve in the axillary
brachial plexus. According to these images, an intraneural
injection is easily detected with ultrasound. The histologic
examination of the nerves injected revealed infiltration
of the injectate within the epineurium or perineurium.
Interestingly, during axillary brachial plexus blocks, intra-
neural injection of low volumes of local anesthetic using
ultrasound guidance may not cause neurologic dysfunc-
tion.4 In this study, it appears that Bigeleisen4 tried to
achieve intraneural injection of anesthetics at low volumes
ls (RCTs) Comparing Ultrasound-guided with
s

ntion Control Outcomes

und
r
nd and

tion

Nerve
stimulation
with multiple
injection

Improved incidence of complete
sensory block

und Nerve
stimulation

Reduces minimum effective
anesthetic volume

und Ultrasound
and nerve
stimulation

Faster onset

und Nerve
stimulation
with multiple
injections

Faster onset

und Nerve
stimulation

Improved quality of sensory block
Improved tourniquet tolerance,
reduced attempts

und Nerve
stimulation

Reduced volume of local anesthetic
and longer duration of analgesia

und Perivascular
technique

Reduced conversion to general
anesthesia, reduced performance time

und Facial click Lower local anesthetic volume, lower
additional analgesic requirements

und Nerve
stimulation

Shorter onset time, lower pain scores
during performance, longer sensory
block, better sensory and motor block
quality

und and

tion

Nerve
stimulation
alone

Shorter block performance time,
better block distribution

und Nerve
stimulation
at different
volumes

Reduced onset time, improved
quality of sensory block

und Nerve
stimulation

Reduced onset time, improved
quality of sensory block
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and show that ultrasound can help to guide such intra-
neural injections. The relationship between neurologic
dysfunction and intraneural injection is still unclear, but
ultrasound imaging can show when a nerve is being
injected and may help to avoid injecting high volumes of
local anesthetic directly into a nerve (Table 56-1).

CONTROVERSIES

The referenced studies support a favorable argument for
ultrasound guidance in regional anesthesia. These investi-
gators have extensive experience with ultrasound guid-
ance, and they acknowledge that ultrasonography takes
quite some time to master. This should be taken into
account when reviewing the data because it is not clear
from the literature how an unsupervised novice would
perform. For good performance of any regional anesthetic
under ultrasound guidance, anatomy must be relearned,
scanning must be practiced repeatedly, and images must
be reviewed by experts. Therefore it seems unlikely that
a novice would be able to quickly incorporate ultrasound
guidance into his or her practice and achieve optimal
benefits. Sites and colleagues1 describe novice resident
behaviors during the review of ultrasound images. Based
on these observations, they created some target learning
points for training and simulation.

Training in ultrasonography has become a contro-
versial topic. Some experts believe that training and
subsequent certification in this skill will improve the
practice of regional anesthesia and avoid errors and com-
plications. Others argue that training and certification pro-
grams discourage the use of ultrasound and that even
the novice can offer some benefits for our patients over
nerve stimulation alone. Despite the clear benefits of ultra-
sound, the lack of definitive data showing risk reduc-
tion may discourage the considerable investment in the
machine and training. Although machines are getting less
expensive, few smaller anesthesiology groups can afford
the expense, especially considering their low volume of
regional anesthesia cases.

Although ultrasound guidance has become fairly com-
mon in large academic centers and training institutions,
many worry that graduating anesthesiology residents are
no longer proficient in the conventional techniques of
regional anesthesia, which they may well need if they take
jobs in smaller community practices that do not have the
benefit of ultrasound technology. I argue that ultrasound
enhances a resident’s knowledge of three-dimensional
anatomy and thus improves the resident’s performance
of conventional techniques.
GUIDELINES

No guidelines have currently been issued by anesthesiol-
ogy or pain medicine organizations for the use of ultra-
sound during regional anesthesia. The data presented
here are examples of recent findings regarding the benefit
of incorporating ultrasound guidance into the practice
of regional anesthesia. The safety of regional anesthesia
before the use of ultrasound is well established.
AUTHOR’S RECOMMENDATIONS

l Compared with peripheral nerve stimulation, ultrasound-
guided nerve blocks are faster to perform, less painful, and
more successful. They also have a shorter onset time, result in a
better-quality block, and last longer.

l It is presumed that ultrasound guidance may reduce
complications by avoiding perineural structures such as vessels,
pleura, and neuraxis, but no data confirm these presumptions.

l Data suggest that ultrasound guidance may also reduce
complications by reducing the dose of local anesthetic, by
diminishing painful paresthesia during performance, and by
avoiding or limiting intraneural injection.

l Based on the data presented, it may be difficult to predict the
successful performance of ultrasound-guided regional
anesthesia by novices.

l For those interested in ultrasound-guided regional anesthesia,
I recommend that they pursue training or mentorship to acquire
this skill. Several training courses are now available, and a
certification process may soon be offered.

l With ultrasound guidance techniques, anesthesiologists
are gaining confidence in achieving successful nerve block
placement. As this success rate improves, patients and surgeons
will be encouraged, and the number of regional anesthesia cases
will most likely increase.
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57
 Does a Pulmonary Artery
Catheter Influence Outcome
in Noncardiac Surgery?

Glenn S. Murphy, MD, and Jeffery S. Vender, MD
The flow-directed pulmonary artery catheter (PAC) is a
monitor used to guide the care of critically ill patients. It
is estimated that approximately 25% of PACs are placed
for the management of high-risk surgical and trauma
patients.1 The PAC provides the clinician with access to
hemodynamic data that may not be obtained by routine
clinical assessment.2 Right heart catheterization (RHC) at
the bedside allows for the immediate determination
of intracardiac pressures, cardiac output, mixed venous
oxygen saturation, and derived hemodynamic parameters
(systemic and pulmonary vascular resistance).

Many clinicians believe that early detection and treat-
ment of hemodynamic abnormalities in the critically ill
patient will improve outcomes. Despite nearly 30 years of
use in the operating room, there is still vigorous debate
about the impact of pulmonary artery (PA) catheterization
on morbidity and mortality rates in the perioperative
setting. This debate has been intensified by the recent
publication of several large-scale, randomized trials
demonstrating no outcome benefit of PACs in patients with
congestive heart failure, acute respiratory distress syn-
drome (ARDS), or shock, or in a heterogeneous intensive
care unit (ICU) patient population.3-6 Clinical trials in sur-
gical patient populations have demonstrated that postop-
erative outcomes are improved, worsened, or unchanged
with the use of PAC monitoring (Table 57-1). In response
to a lack of clear evidence supporting a beneficial effect
of PAC monitoring on outcomes, the use of PACs in
medical and surgical patients has declined. A 63% decrease
in PA catheterization use in all surgical admissions
occurred between 1993 and 2004.7 Despite the publication
of randomized controlled trials, interpretation of most
published studies remains limited by important flaws in
study design. Uncertainty relating to optimal hemody-
namic targets and therapies, appropriate patient popula-
tions to derive benefit from PAC use, and methods to
control for user knowledge and experience complicates
the design of appropriate outcome investigations.
OPTIONS

The PAC is simply a monitoring device. The central
venous pressure (CVP) catheter can also measure central
pressure, but not provide information on pulmonary
artery pressure or cardiac output. In order for the PAC
to influence outcome, the information provided by the
catheter must modify treatment of the patient. The
acquisition of hemodynamic data will not affect clinical
outcomes unless the care of the surgical patient is signifi-
cantly altered by this information. Several clinical trials
have examined the clinical benefits and risks of PAC
monitoring without defining how the therapeutic strategy
was changed by the PAC data. In most studies, how-
ever, patient care was modified by the PAC to reach
defined hemodynamic endpoints (goal-directed therapy).
Goal-directed PAC trials use volume administration and
vasoactive drugs to achieve “optimal” cardiac filling
pressures, cardiac outputs, and/or oxygen delivery.

High-risk surgical patients may come to the operating
room with significant physiologic abnormalities. Using
invasive monitoring, Del Guercio and Cohn8 determined
that only 13.5% of elderly patients undergoing major sur-
gery had normal hemodynamic and respiratory function.
In several PAC outcome trials, goal-directed therapy has
been used to normalize filling pressures and cardiac out-
puts in surgical patients with abnormal hemodynamics.
In addition, investigators have observed that survivors
of major operations had consistently higher postopera-
tive cardiac outputs and oxygen delivery than nonsurvi-
vors.9,10 Goal-directed therapy, guided by the PAC, may
also be used to achieve supranormal hemodynamic values
in critically ill surgical patients. Although such therapy is
controversial,11 increasing the cardiac index and oxygen
delivery to levels characteristic of survivors of high-risk
surgery has been the goal of many investigations.

Other methods of measuring cardiac output and
providing goal-directed therapy include transesophageal
Doppler devices, transesophageal echocardiography, and
transthoracic impedance.
EVIDENCE

Preoperative Monitoring

The role of the PAC in hemodynamic optimization before
major noncardiac surgery remains controversial. Shoe-
maker and colleagues12 randomized general surgical
patients into three groups: a CVP group, a PAC control
385



Table 57-1 Effects of PAC Monitoring

Study

Number
of
Patients

Patient
Population Trial Design

Goal-
directed
Therapy Outcomes

TRIALS DEMONSTRATING IMPROVED OUTCOME

Whittemore
et al15 (1980)

110 Vascular surgical
cohort

Prospective retrospective
control preop
optimization

Yes Reduced mortality rate PAC group vs.
historical control

Rao et al20

(1983)
1097 Surgical patients

cohort
Prospective retrospective
control periop PAC

No Reduced rate of reinfarction PAC group
after MI

Hesdorffer
et al16 (1987)

61 Vascular surgical
cohort

Prospective retrospective
control preop
optimization

Yes Reduced renal dysfunction and mortality
rates in PAC group vs. historical control

Shoemaker
et al12 (1988)

88 High-risk
surgical

RCT periop PAC Yes
(supranormal)

Reduced morbidity/mortality rates in
PAC protocol group vs. PAC control and
CVP group

Berlauk
et al17 (1991)

89 Vascular surgical RCT preop optimization Yes Reduced cardiac morbidity and graft
thrombosis in PAC group vs. CVP group

Boyd et al14

(1993)
107 High-risk

surgical
RCT preop optimization Yes

(supranormal)
Reduced morbidity/mortality rates in
PAC protocol group vs. PAC control
group.

Wilson
et al13 (1999)

138 Major elective
surgical

RCT preop optimization Yes
(supranormal)

Reduced mortality rate PAC protocol
group vs. PAC control group

TRIALS DEMONSTRATING NO EFFECT ON OUTCOME

Joyce et al24

(1990)
40 Vascular surgical RCT periop PAC No No differences in morbidity/mortality

rates PAC group vs. CVP group

Isaacson
et al23 (1990)

102 Vascular surgical RCT periop PAC No No differences in morbidity/mortality
rates PAC group vs. CVP group

Yu et al27

(1993)
67 ICU patients

(subset surgical)
RCT postop PAC Yes

(supranormal)
No differences in morbidity/mortality
rates PAC protocol group vs. PAC control
group

Gattinoni
et al25 (1995)

762 ICU patients
(subset surgical)

RCT postop PAC Yes
(supranormal)

No differences in morbidity/mortality
rates PAC protocol vs. PAC control

Bender
et al19 (1997)

104 Vascular surgical RCT preop optimization Yes No differences in morbidity/mortality
rates PAC group vs. CVP group

Sandham
et al30 (2003)

1994 High-risk
surgical

RCT Yes
(supranormal)

No differences in morbidity/mortality
rates PAC group vs. standard therapy
group

TRIALS DEMONSTRATING WORSENED OUTCOME

Hayes
et al26 (1994)

109 ICU patients
(subset surgical)

RCT postop PAC Yes
(supranormal)

Increased mortality rate PAC protocol
group vs. PAC control group

Connors
et al29 (1996)

5735 ICU patients
(subset surgical)
cohort

Prospective postop PAC No Increased mortality rate in patients
receiving PACs

Valentine
et al18 (1998)

120 Vascular surgical RCT preop optimization Yes Increased intraop adverse events in PAC
group vs. CVP group

Sandison
et al22 (1998)

145 Vascular surgical Retrospective periop
PAC

No Increased mortality rate at hospital using
more PACs

Polanczyk
et al21 (2001)

4059 Major noncardiac
surgical cohort

Prospective periop PAC No Increased risk of major cardiac and
noncardiac complications in patients
receiving PACs

intraop, intraoperative; MI, myocardial infarction; periop, perioperative; postop, postoperative; preop, preoperative; RCT, randomized controlled trial.
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group (normal hemodynamics), and a PAC protocol
group (supranormal cardiac index and oxygen transport).
Significant reductions in mortality rate, complications,
and length of hospital stay were observed when fluids
and inotropes were used to augment oxygen delivery
preoperatively in the PAC protocol group. Two British
studies in high-risk general surgical patients reported
similar results.13,14 Patients randomized to the protocol
groups had oxygen delivery increased to greater than
600 mL/min/m2 using PACs, fluids, and inotropes before
surgery. When compared with the control groups receiv-
ing best standard perioperative care, a greater than 75%
reduction in mortality rate was noted in the protocol
groups.

Trials of preoperative optimization in vascular surgi-
cal patients have yielded conflicting results. Two studies
reported that significant reductions in mortality rate15,16

and renal dysfunction16 occurred when hemodynamic
values were normalized before surgery using PACs.
However, both studies involved historical control groups.
Three prospective randomized trials of preoperative
optimization in vascular surgical patients have been
published.17-19 Patients in the PAC groups were adminis-
tered fluids and vasoactive drugs until “optimal” values
for wedge pressure, systemic vascular resistance, and
cardiac index were obtained before surgery. Subjects in
the control groups received CVP monitoring. No differ-
ences in mortality rate or hospital length of stay were
observed between the PAC and control groups in any
study. In the PAC group, morbidity was reported to be
decreased (less cardiac morbidity and graft thrombosis),17

increased (more adverse intraoperative events),18 or
unchanged.19

Intraoperative and Postoperative Monitoring

In a landmark study by Rao and colleagues,20 the authors
evaluated 733 patients with a history of myocardial infarc-
tion undergoing noncardiac surgery. Aggressive use of
invasive monitoring and prompt correction of hemody-
namic abnormalities was associated with a lower rate of
myocardial reinfarction in these patients compared with
a historical control group. Improvements in anesthetic
techniques or ICU care that occurred over time may have
accounted for the reduced cardiac morbidity in the pro-
spective cohort group. Polanczyk and colleagues21 exam-
ined the association between PAC use and postoperative
cardiac complications in patients undergoing major non-
cardiac surgery. In this prospective observational cohort
study, 4059 patients (221 had PACs and 3838 did not)
were followed for major postoperative cardiac events.
Patients monitored with PACs had a threefold increase
in cardiac events. The investigators also performed a
case-control analysis, using a propensity score to match
patients who did and did not undergo PA catheterization.
In this matched-pairs analysis, PAC use was associated
with an increased risk of postoperative congestive heart
failure and major noncardiac events.

Several clinical trials have compared outcomes in vas-
cular surgical patients monitored with CVP versus PA
catheters. Sandison and colleagues22 examined morbidity
and mortality rates in patients undergoing urgent or
emergent abdominal aortic aneurysm (AAA) repair at
two hospitals under the care of a single vascular sur-
geon. The authors observed that morbidity and mor-
tality rates were significantly increased at the hospital
that used PACs routinely. Two prospective randomized
trials (PAC versus CVP) have been performed in low-risk
AAA patients.23,24 No significant differences in mortality
rate, perioperative complications, or hospital length of
stay were found between patients monitored with CVP
or PA catheters.

Postoperative Monitoring

Oxygen consumption and delivery are increased in criti-
cally ill patients who survive major surgery. Four rando-
mized clinical trials have evaluated the effect of using a
PAC to achieve supranormal values of oxygen delivery
in critically ill ICU patients. Fluids and inotropes were
administered to reach defined treatment goals. High-risk
postoperative patients made up a portion of each study
population. In the largest trial, involving 762 patients
in 56 ICUs, subjects were assigned to one of three treat-
ments: a normal cardiac index, a cardiac index �4.5 L/
min, or a mixed venous saturation �70%.25 No differences
in mortality rate, number of dysfunctional organs, or
length of stay in the ICU were found among the three
groups. Three additional studies randomized patients
into a treatment group (oxygen delivery greater than
600 mL/min/m2) or a control group (“normal” oxygen
delivery or cardiac output).26-28 In each trial, no improve-
ment in in-hospital survival was observed in the treatment
group.

Connors and colleagues29 conducted a prospective
cohort study involving 5735 critically ill adult patients at
five medical centers. Postoperative patients meeting
severity and other entry criteria were enrolled in the trial.
The investigators evaluated the association between PAC
monitoring and patient outcome using a propensity score.
The propensity score was used to match patients managed
with and without PACs for a variety of demographic
and physiologic characteristics. Case-matching analysis
revealed that patients managed with PACs had consis-
tently higher mortality rates at 30, 60, and 180 days after
study entry. Subgroup analysis revealed that the relative
hazard of death with PAC monitoring was highest in
patients receiving postoperative care.

In the largest randomized controlled trial enrolling
surgical patients, Sandham and colleagues30 compared
outcomes in 1994 patients receiving goal-directed therapy
guided by a PAC with standard care without the use of a
PAC. The subjects were high-risk patients (ASA class III
or IV with an age greater than 60) undergoing major oper-
ative procedures. Hemodynamic goals in the PAC group
included an oxygen delivery index of 550 to 600 mL/
min/m2, a cardiac index of 3.5 to 4.5 L/min/m2, and a
wedge pressure of 18 mm Hg using fluids and vasoactive
medications. In-hospital and one-year mortality rates were
similar between groups. No differences in postoperative
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morbidity were observed between the groups, with the
exception of a higher incidence of pulmonary embolism
in the PAC group.

Summary

Studies examining the impact of PAC monitoring on
clinical outcomes have yielded conflicting results. On
the basis of currently available trials, it is difficult to
draw meaningful conclusions about the safety and effi-
cacy of PA catheterization in the perioperative setting.
Presently there is insufficient evidence to determine if
PACs improve or worsen outcomes in high-risk surgical
patients.

There is a need for additional research to answer this
important question. Significant design limitations are
present in all the published studies. Unfortunately, nearly
all randomized trials have been inadequately powered to
detect meaningful clinical outcomes such as mortality
rate. Combining data from smaller clinical trials
by performing a meta-analysis may yield information
on infrequent adverse effects related to PAC monitoring.
A meta-analysis of the data from randomized controlled
studies was published in 1997. No significant improve-
ments in overall survival were observed.31 However,
a meta-analysis of morbidity data revealed significant
reductions in major morbidity using PAC-guided strate-
gies.32 Most recently, a Cochrane Collaboration meta-
analysis (amended in 2006) of randomized controlled
trials revealed no effect of PAC monitoring on mortality
rates in high-risk surgical patients (odds ratio of 0.98
[95% CI 0.73 to 1.33]).33 Large-scale randomized con-
trolled trials using carefully designed treatment inter-
ventions and clinically relevant outcome measures are
needed to determine the benefits and harms associated
with PA catheterization.

AREAS OF UNCERTAINTY/CONTROVERSY

The information provided by the PAC must be accurately
interpreted in order to influence treatment strategies and
outcomes. Misinterpretation of these data may alter deci-
sions about patient therapy in a manner that can increase
morbidity and mortality risks. Several studies have
evaluated clinicians’ knowledge of the PAC. Iberti and
colleagues34 administered a 31-question examination to
496 North American physicians to assess their under-
standing of PA catheterization. Significant deficiencies in
clinicians’ ability to interpret PAC data were identified;
47% of respondents were unable to determine pulmo-
nary artery occlusion pressure (PAOP) from a clearly
marked tracing. When a survey was provided to physi-
cian members of the Society of Critical Care Medicine
in the United States, one third of respondents were
unable to measure the PAOP on a clearly marked tracing
or identify the major components of oxygen transport.35

Nearly identical results were obtained when a similar
multiple-choice examination was provided to European
intensivists and American ICU nurses.36,37 A cross-
sectional survey of cardiovascular anesthesiologists
demonstrated that most clinicians lack confidence in their
ability to determine the PAOP from a sample pulmonary
artery tracing.38

Outcomes will not be improved unless clinicians
demonstrate competency in basic technical and cognitive
aspects of PA catheterization. At the present time, no
specific guidelines have been published relating to train-
ing, credentialing, or continuing medical education
requirements for clinicians who use PACs. Some authors
have suggested that PA catheterization should be
restricted to individuals who have demonstrated expertise
in catheter insertion and application of the data.34,36 The
American Society of Anesthesiologists (ASA) Task Force
on Pulmonary Artery Catheterization recommends that
all individuals who use PACs undergo supervised training
and that quality improvement programs must be in place
at centers where these catheters are used.39,40 Variability
in user competence may account for the lack of improve-
ment in outcomes demonstrated in several PAC trials.

Randomized studies are needed to determine the clini-
cal utility of PAC monitoring in surgical patients. How-
ever, there are ethical issues involved in randomizing
the allocation of PACs in high-risk patients because
many clinicians believe that PA catheterization improves
outcomes. The Ontario Intensive Care Study Group aban-
doned a randomized PAC trial after 35% of the eligible
subjects were excluded because the primary physician
believed that PAC monitoring was ethically mandated.41

Randomization in a clinical trial is ethically appropriate
in settings where there is uncertainty about the benefits
and harms of a particular therapy. Future randomized
trials should examine patient populations in which
expert opinion is divided about the clinical utility of PA
catheterization (e.g., low-risk cardiac surgery).1

In some clinical trials, worsened outcomes have
occurred in patients monitored with PACs. The informa-
tion provided by the PAC often produces a more aggres-
sive approach to patient care. Subjects randomized to
PAC groups typically received more fluids and vaso-
active drugs than control group patients. A more invasive
and aggressive treatment strategy may benefit some
patients by improving oxygen delivery. Other patients
may be harmed using this approach because the risk of
fluid overload, congestive heart failure, arrhythmias,
and myocardial ischemia may be increased.
GUIDELINES

Several groups have published statements that address
the clinical utility of PA catheterization in the periopera-
tive setting. The National Heart, Lung, and Blood Institute
and Food and Drug Administration Workshop Report on
Pulmonary Artery Catheterization and Clinical Outcomes
noted that there have been no randomized trials that
clearly demonstrate that the use of PACs improves overall
surgical outcomes.1 The workshop recommended that
methods to standardize and measure physician and nurse
education be established and that further randomized
trials in certain surgical populations be performed.
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A report from the Pulmonary Artery Catheter Consensus
Conference emphasized that there are limited data to sup-
port the use of PA catheterization in surgical patients and
that the overall quality of published clinical trials was
poor.42 The conference participants recommended that
clinicians should carefully weigh the risks and benefits
of PAC monitoring in each patient.

In 1993 the ASA published guidelines on the role of the
PAC in the perioperative setting.39 These guidelines were
updated in 2003.40 The ASA Task Force acknowledged
that there were significant deficiencies in the study
designs of all of the published research examining the
impact of PAC monitoring on outcomes. Therefore it
was difficult to determine the safety and efficacy of PA
catheterization based on scientific evidence. The expert
opinion of the Task Force, however, was that access to
PAC data, “coupled with accurate and appropriate treat-
ment tailored to hemodynamic status, can reduce periop-
erative mortality and morbidity.” Patients at increased
risk for complications related to hemodynamic distur-
bances should be considered candidates for PA catheteri-
zation. Three interrelated variables should be assessed in
determining the risks and benefits of PAC monitoring.

1. Patient factors: Patients should be evaluated for preex-
isting medical conditions that may increase the risk of
hemodynamic instability (i.e., cardiovascular, pulmo-
nary, or renal disease).

2. Procedure factors: Major surgical procedures may be
associated with significant hemodynamic fluctuations,
which may damage organ systems.

3. Practice setting factors: Complications from hemody-
namic disturbances may be increased if the technical
and cognitive skills of the physicians and nurses caring
for the patient are poor.

Pulmonary artery catheterization is not required when
the patient, procedure, and practice setting all pose a
low risk for hemodynamic complications.

In 2007, the American College of Cardiology (ACC)
and American Heart Association (AHA) jointly published
the updated “ACC/AHA Guidelines on Perioperative
Cardiovascular Evaluation and Care for Noncardiac
Surgery.”43 After performing a formal literature review,
evidence supporting the use of PACs in the setting of non-
cardiac surgery was weighed and graded. The reviewers
concluded that “use of a PAC may be reasonable in
patients at risk for major hemodynamic disturbances that
are easily detected by a PAC; however, the decision must
be based on 3 parameters: patient disease, surgical proce-
dure and practice setting, because incorrect interpretation
of the data from a PAC may cause harm (Class IIb [Benefit
� Risk; Procedure/Treatment may be considered], Level
of Evidence: B [Recommendation’s efficacy less well
established; Conflicting evidence from single randomized
trial or non-randomized studies]).” Furthermore, the
guidelines state that routine use of a PAC in the perioper-
ative setting is not recommended, particularly in low-risk
patients (Class III [Risk � Benefit; Procedure should not
be performed since it is not helpful], Level of Evidence:
A [Sufficient evidence from multiple randomized trials
or meta-analysis]).
AUTHORS’ RECOMMENDATIONS

l At the present time the influence of PAC monitoring on
perioperative outcomes remains uncertain because significant
design flaws are present in all the published trials.
Additional research is needed to clearly document the
effectiveness or lack of effectiveness of PACs in surgical
patients.

l Expert opinion suggests that PA catheterization may benefit
patients who are at high risk for complications related to
hemodynamic instability during the intraoperative and
postoperative periods. Reductions in morbidity and mortality
rates will not be observed if physicians and nurses using PACs
lack competency in basic technical and cognitive skills.

l Clinician knowledge about the use of PACs in high-risk surgical
patients should be improved and user knowledge benchmarks
established.
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 What Is the Best Method of
Diagnosing Perioperative
Myocardial Infarction?

Martin J. London, MD
INTRODUCTION

Perioperative myocardial infarction (PMI) is a leading
cause of postoperative morbidity and mortality in patients
undergoing noncardiac surgery.1 Although it appears
that its incidence and associated mortality rate have
declined substantially over the past 10 to 15 years, likely
due to improvements in preoperative risk stratification,
perioperative mangement, and prophylaxis (e.g., beta-
blockers and other sympatholytic strategies), in aggregate
it remains a costly and largely preventable complication.
Prior reviews have estimated associated costs in the
billions of dollars from resources consumed and adverse
outcome.2 However, these estimates are poorly supported
by hard data and as of yet, no definitive large-scale
prospective economic analyses have been reported.

Studies dating back to the 1950s have reported that
PMIs tended to occur with a peak incidence several days
after surgery (postoperative days 2 and 3); half were of
the Q-wave variety, with the remainder non–Q-wave; they
rarely caused classic chest pain (although other associated
cardiac signs, such as pulmonary edema, reduction in
cardiac output, new ventricular dysrhythmias, etc., are
common); and the associated mortality rate was high,
averaging 50%. Patients undergoing vascular surgery
or those with prior myocardial infarction (MI) were at
highest risk with incidences exceeding 5% and in some
subgroups (e.g., high-risk vascular surgery) up to 20%.
Patients sustaining PMI have been shown to have sub-
stantially elevated long-term cardiovascular mortality rate
over the first 1 to 2 years after surgery.3,4 More recent
reports, in general, have reported lower rates of PMI with
a temporal shift in the peak incidence earlier, closer to the
first postoperative day, and, in some studies, the night
of surgery.5-7 A distinct predominance of non–Q-wave
MIs are reported and the associated short-term mortality
rate is appreciably lower, although long-term mortality
and morbidity rates remain higher than in the non-MI
population.8

In the mid to late 1990s a major shift occurred in the
classic paradigms for diagnosing infarction.9,10 The rise
to prominence of the troponins, cardiac structural protein
markers with high sensitivity and of particular interest
perioperatively, nearly 100% specificity, has radically
changed cardiology practices and epidemiologic implica-
tions of this diagnosis. Much of this is based primarily
on clinical studies in patients with acute coronary
syndromes where the need for rapid decision making
regarding thrombolysis and revascularization strategies
is critical. Several large studies of ACS patients support
the clinical efficacy of troponin over the previous “gold
standard,” the less specific cytoplasmic enzyme, creatine
kinase (CK) (and its MB fraction). Older studies used
CK-MB elevations (determined by a mass assay that sup-
planted older activity-based assays) usually exceeding
5% of the total as diagnostic of MI when accompanied
by at least one of the two following signs or symp-
toms: associated chest pain or electrocardiogram (ECG)
changes (Q-wave or ST-T changes) as defined by the
World Health Organization (WHO).11 These “WHO cri-
teria” have been used in epidemiologic studies evaluating
temporal patterns in coronary artery disease (CAD), and,
as such, altering them has substantial implications.12

Perioperatively, it has long been appreciated that the low
specificity of total CK mass (due to muscle injury) and
even the CK-MB fraction (due to gene expression in
injured muscle), a lack of classic chest pain (attributed in
part to analgesic use although not completely explained),
and problems with ECG diagnosis (including sensitiv-
ity/specificity issues due to high resting sympathetic tone,
changes in electrolyte and acid-base status, and patients
with abnormal resting baseline ECGs) greatly complicated
coding of MI using standard criteria.13 Despite these diffi-
culties, it is important to appreciate that nearly all the
well-accepted studies of clinical risk stratification are based
at least in part on diagnosis of PMI using adaptations of
WHO critieria.14

In late fall 2007, shortly after the official release of
the updated 2007 AHA/ACC perioperative guidelines,
the Joint ESC/ACCF/AHA/WHF Task Force for the
Redefinition of Myocardial Infarction released its extensive
document providing a long-awaited “Universal Definition
of Myocardial Infarction.”15 This task force essentially
updated a widely cited and influential prior report
that evaluated the changing diagnosis of MI given the
rapidly expanding use of troponins in the late 1990s.16
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Table 58-1 Universal Definition of Myocardial
Infarction

CRITERIA FOR ACUTE MI (ONE OF THE FOLLOWING):

1. Rise and/or fall of cardiac biomarkers (troponin is
preferred) with at least one value above the 99th percentile
of the upper reference limit (URL) with at least one of the
following:
a. Ischemic symptoms
b. Development of pathologic Q waves
c. ECG changes indicative of ischemia (ST-T changes or new

left bundle branch block [LBBB])
d. Imaging evidence of loss of viable myocardium (includes

echo regional wall motion change)
2. Sudden death or cardiac arrest with symptoms

suggestive of ischemia accompanied by new ECG changes,
evidence of thrombus at angiography or autopsy (in the
situation when death occurred before blood sampling).

3. For PCI: biomarker elevation time times the 99th percentile
URL.

4. For CABG: biomarker elevation five times the 99th percentile
URL plus new Q waves or LBBB or angiographic evidence of
graft or native vessel occlusion or imaging loss of viable
myocardium.

5. Pathologic findings of acute MI.

CRITERIA FOR PRIOR MI (ONE OF THE FOLLOWING):

1. Development of new pathologic Q waves.
2. Imaging evidence of a region of loss of viable myocardium that

is thinned and fails to contract.
3. Pathologic findings of a healed or healing myocardial

infarction.

Adapted from the Joint ESC/ACCF/AHA/WHF Task Force for Redefinition

of Myocardial infarction (2007).
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The earlier report outlined recommendations for two
specific categories: (1) acute, evolving, or recent MI and
(2) established MI (Table 58-1), specifically incorporating
use of either troponin I or T, criteria that have in some
instances dramatically increased sensitivity in the diag-
nosis of MI in acute coronary syndrome (ACS) patients
while appearing to maintain specificity. The recently
updated “ACC/AHA Guidelines for the Management of
Patients with Unstable Angina/Non-ST Elevation Myocar-
dial Infarction” used these criteria, defining necrosis as ele-
vation of troponin above the 99th percentile of normal and
infarction as the latter along with a clinical finding such as
ischemic ST- and T-wave changes, new left bundle branch
block, new Q waves, percutaneous coronary intervention
(PCI)-related marker elevation, or imaging showing a
new loss of myocardium.17 Although these guidelines state
that CK-MB and myoglobin may be useful for diagnosis of
early infarct extension or periprocedural MI, it is likely that
introduction of more sensitive troponin I assays now com-
mercially available will eventually supplant this recom-
mendation.18 A major change in the new ESC Universal
Guidelines is adoption of a clinical classification system
for different types of MI into five major types: type 1, spon-
taneous MI related to ischemia due to a primary coronary
event; type 2, MI secondary to ischemia due to increased
demand or decreased supply; type 3, sudden cardiac
death; type 4a, MI associated with PCI; type 4b, MI asso-
ciated with coronary stent thrombosis; and type 5, MI asso-
ciated with coronary artery bypass graft (CABG).15 The
new definitions for diagnosis are presented in Table 58-1.

Despite the enthusiasm resulting from the widespread
availability of troponin I, it was rapidly appreciated by clin-
icians and laboratorymanagers alike that therewas substan-
tial variability in the levels of detection (99th percentile) and
variability of measurement (coefficient of variation)
between different vendors. This has prompted substantial
ongoing efforts toward standardization, although this area
is as of yet unsettled.19,20 Because troponin T is only avail-
able from one vendor, variability is not an issue.

Evidence is accumulating that other biochemical mar-
kers may further enhance sensitivity for MI or improve
risk stratification in patients with ACS. In particular, both
C-reactive protein (CRP) (a marker of inflammation that is
increasingly appreciated as the primary acute physiologic
process leading to plaque rupture and thrombosis) and
N-terminal pro-brain natriuretic peptide (NT-proBNP), a
sensitive but nonspecific response to left ventricular pres-
sure or volume overload caused by severe ischemia or
heart failure, are of intense interest in the ACS arena.
Perioperatively, it is likely that CRP is of very limited
value given its frequent elevation in surgical conditions.
However, several recent publications have purported
strong value for NT-proBNP in risk stratification for
short- and long-term adverse outcomes in vascular and
other major noncardiac surgery based on either isolated
preoperative or postoperative measurements.21-24

OPTIONS/THERAPIES

A variety of diagnostic approaches are available to detect
MI. The strengths and limitations of the most commonly
used modalities are presented in Table 58-2. Older
enzymes previously used to detect MI, including total
CK (without MB fractionation), lactate dehydrogenase
isoenzymes, and glutamic-oxaloacetic transaminase, are
no longer recommended for clinical use because of their
poor specificity. The specific criteria recommended by
the ACC/ECS Joint Committee for MI are presented in
Table 58-1.

EVIDENCE

Contemporary studies evaluating the efficacy of the tropo-
nins and CK-MB in detection of PMI are presented in
Table 58-3.5,8,9,25-32 In general, they note a higher specific-
ity of the troponins over CK-MB (although conclusive
demonstration of significant differences in sensitivity for
MI are limited), apparent correlation of troponin leak with
either short- or intermediate-term outcomes (although not
conclusively in all studies). The low outcome rates of most
of these single-center studies limits statistical power and
thus the positive predictive values of most markers stud-
ied is very limited.



Table 58-2 Strengths and Limitations of Modalities for Detecting PMI

Strengths Limitations Recommendations

ECG New Q waves, “tombstone” ST-segment
elevation, horizontal or downsloping ST-
segment depression, hyperacute T waves,
deep symmetric T-wave inversion,
involvement of multiple contiguous leads

Narrow septal or inferior Q waves, LVH,
LBBB, repolarization-type ST-segment
abnormalities, upsloping ST-segment
depression, baseline ST-segment
abnormalities, diffuse T-wave flattening,
asymmetric T-wave inversion

At time of suspected event,
for several days during
clinical resolution, with
suspected reinfarction.

Biochemical
Markers

CK-MB Characteristic rise and fall, shorter time
course than troponins, CK/CK-MB ratio
> 5%, AUC time activity curve related to
infarct size

Non–CAD-related cardiac and other
noncardiac pathology, sustained elevation,
gene expression in injured skeletal muscle,
renal failure

Helpful to detect recurrent
infarction with serial
sampling

Troponin I Later peak, more sustained duration,
prognostic significance of low-level
elevation

Non–CAD-related cardiac pathology, long
duration of elevation, lack of a baseline
measurement, multiple assays in use,
variable detection limits

All patients with suspected
PMI

Troponin T Same as troponin I, only one assay in use,
well-standardized detection limits

Release with nonischemic cardiac
pathology, long duration of elevation, lack
of a baseline measurement, low-level
chronic elevation in ESRD

All patients with suspected
PMI, troponin I preferable for
patients with ESRD

Imaging
Modalities

TTE New or worsening of baseline SWMA,
akinesia, dyskinesia, reduction in ejection
fraction, ischemic mitral regurgitation,
change from prior TTE

Small Q-wave MI, non–Q-wave MI, prior
MI with baseline SWMAs, reversible
ischemia, stunning, hibernating
myocardium

All patients with suspected
PMI; document size of MI,
impact on ventricular
function

Perfusion
imaging

Quantitative analysis, changes in flow Prior MI, reversible ischemia, stunning,
hibernating myocardium, technical/
anatomic artifacts

Expensive, not recommended
except possibly in patients
with poor TTE imaging

ESRD, end-stage renal disease; LBBB, left bundle branch block; LVH, left ventricular hypertrophy; SWMA, segmental wall motion abnormality; TTE, transthoracic
echocardiography.
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AREAS OF UNCERTAINTY

Given continuing diagnostic advances (especially in bio-
chemical markers), establishing a simple (e.g., binary) def-
inition for PMI capable of rigorous categorization and
standardization between centers remains problematic.
This complicates uniform reporting of outcomes used for
benchmarking of outcomes between hospitals. However,
establishing an approximate quantitative index of damage
using troponin elevation, ECG changes, NT-proBNP
levels, and indices of ventricular function is a reasonable
and necessary clinical goal. Comparison of perioperative
studies has been difficult because of variable definitions
of MI and different time periods for sampling and end-
point detection used. The recent contemporary studies
are better designed, although they also suffer from vari-
able or imprecise definitions and lack of a clear “gold
standard” on which to assess predictive values of new
markers. The value of perioperative surveillance looking
for clinically asymptomatic troponin leakage, which may
indicate patients at higher risk for intermediate-term mor-
bidity or mortality, is controversial. It is likely that cost
considerations in our increasingly resource-constrained
health care systems and confidentiality issues related to
insurance companies, with potential adverse patient-level
economic impact, will limit such an approach despite its
intellectual appeal.
GUIDELINES

The new ACC/AHA Perioperative Guidelines have exten-
sively addressed the issue of PMI and presented recom-
mendations for surveillance strategies in various risk
groups (in contrast to the 2002 guidelines in which this
was not addressed in detail)13 (Table 58-4).



Table 58-3 Contemporary Studies Evaluating Biochemical Markers of PMI

Reference Cohort Variables Gold Standard Perioperative Findings
Mortality/Long-
term Comments

Adams
(1994)

108 patients,
vascular or
spine
surgery

ECG, total
CK, CK-MB,
cTnI

New akinesia or
dyskinesia on
postop TTE

8 patients MI; sensitivity:
cTn-I 100% vs. CK-MB
75%; specificity: cTn-I 99%
vs. CK-MB 81%; CK-MB/
total CK >2.5: sensitivity
63%

Three deaths, all
with elevated
cTn-I; periop FU
only

First major study
to evaluate
periop use of
cTnI

Lee (1996) 1175 NCS
patients age
>50

ECG; total
CK, CK-MB,
cTn-T

CK, CK-MB, and
ECG changes

17 patients MI; cTnT (>0.1
ng/mL); sensitivity 87%,
specificity 84%; ROC
analysis for MI: no
difference CK-MB vs.
cTnT; ROC analysis for
complications: cTnT
superior

One sudden death
with no elevation
of either marker;
periop FU only

cTnT very low
PPV, 90% of
patients with
elevations
without
complications.

Lopez-
Jimenez
(1997)

772 NCS
patients, age
>50

Same as Lee
(1996)

Same as Lee (1996);
cTnT >0.1 ng/mL
postop as risk
factor for long-
term outcome

12% of cohort had cTnT
elevation postop; higher
rates of postop CHF and
new arrhythmias

2.5% had cardiac
outcomes by 6
months, PPV 9%,
RR 5.4; CK-MB
not correlated
with outcome

cTnT
independent
predictor of 6-
month cardiac
outcomes

Metzler
(1997)

67 patients,
known
CAD or risk
factors,
vascular
and other
NCS

ECG, cTnT,
CK-MB,
cTnI for
patients
with
elevated
cTnT

CK-MB >12 IU/L
and Q waves

13 patients elevated cTnT
and cTnI; earlier rise in
cTnI; CTnT >0.6 ng/mL
PPV 87%, NPV 98%; CK-
MB elevated 14 patients (7
patients discordant)

No perioperative
deaths; periop FU
only.

Favor cTnT with
cutoff value of 0.6
ng/mL

Badner
(1998)

323 NCS
patients, age
>50, known
CAD

ECG, total
CK, CK-MB,
cTnT

Total CK >174 U/
L and 2 of CK-MB
>5%, new Q
waves, cTnI
>0.2 mcg/L, (þ)
pyrophosphate
scan

18 patients with MI, 14 on
POD 0-1, use of cTnT
alone would double MIs

1-year FU: 2/15
MI patients death
or unstable
angina

cTnT not used in
first 92 patients,
lower rate of
long-term
complications
than other studies

Neill (2000) 80 vascular
or
orthopedic
patients;

Ambulatory
ST
monitoring,
CK-MB,
cTnI, cTnT

CK-MB >5 mcg/L
and troponins
>1 mcg/L, ECG
changes

cTnT and I specificity for
major complications 96/
97%, sensitivity 29/43%

3-month FU: cTnT
best correlated
with
complications

No correlation of
serum markers
with ST-segment
ischemia

Godet
(2000)

329 vascular
patients

cTnI ST depression
>2 days or new Q
wave or cTnI >1.5
ng/mL

13 patients with cardiac
complications; peak cTnI
POD 1; 27 patients cTnI
>1.5 ng/mL; cTnI >0.54
ng/mL sensitivity 75%,
specificity 89%

1-year FU; 9
patients (3%) with
cardiac
complications

1-year FU: no
correlation with
cTnI

Haggart
(2001)

59 vascular
patients; 24
emergent

cTnI WHO criteria Elective: 10/35 cTnI
detected, no CK-MB >5%;
emergent: 14/24 cTnI
detected, 4 CK-MB >5%

Periop FU only:
0 deaths elective
group; 8 deaths
emergent group: 3
cTnI elevated

CK-MB low
sensitivity

Jules-
Elysee
(2001)

85 patients
CAD or risk
factors,
orthopedic
surgery

CK-MB,
cTnI

cTnI >3.1 ng/mL
and CK-MB index
>3.0

11 pts (þ)CK-MB; 5/11 (þ)
cTnI; All others (-)cTnI; all
(-)cTnI patients had
uneventful course

No deaths; periop
FU only

cTnI better
specificity

(Continued)

394 Section V MONITORING



Table 58-3 Contemporary Studies Evaluating Biochemical Markers of PMI—Cont’d

Reference Cohort Variables Gold Standard Perioperative Findings
Mortality/Long-
term Comments

Kim (2002) 229 patients
vascular

cTnI WHO criteria Peak cTnI >1.5 ng/mL:
12% postop; 2/9 ESRD
patients (þ)cTnI

OR 5.9 cTnI >1.5
ng/mL for 6-
month mortality;
OR 27.1 for MI;
dose-response
relation

Diabetes only
preop predictor
of cTnI elevation

Le Manach
(2005)

1316
patients
vascular

cTnI Abnormal cTnI
>0.2-0.5 ng/mL;
PMI cTnI >1.5
ng/mL

Abnormal cTnI (14%), PMI
(5%)

Inhospital
mortality: early
MI 24% Delayed
MI 21% Abnormal
7% Normal 3%

Early MI: increase
in cTnI less than
24 hours, delayed
MI >24-hour
period of
increased cTnI

cTnI, troponin I; cTnT, troponin T; ESRD, end-stage renal disease; NCS, noncardiac surgery; OR, odds ratio; PACU, postanesthesia care unit; POD, postoperative
day; PPV, positive predictive value; ROC, receiver operator characteristic curve; WHO, World Health Organization.

Table 58-4 Recommendations of the ACC/AHA
2007 Guidelines on Perioperative
Cardiovascular Evaluation for
Noncardiac Surgery

Class I

Perioperative troponin measurement is recommended in patients
with ECG changes or chest pain typical of acute coronary
syndrome. (Level of Evidence: C)
Class IIb

The use of troponin measurement is not well established in
patients who are clinically stable and have undergone vascular
and intermediate-risk surgery. (Level of Evidence: C)
Class III

Postoperative troponin measurement is not recommended in
asymptomatic stable patients who have undergone low-risk
surgery. (Level of Evidence: C)
For patients with high or intermediate clinical risk undergoing
high- or intermediate-risk surgical procedures obtaining an ECG at
baseline, immediately after surgery, and daily for the first 2 days
postoperatively appears to be the most cost-effective strategy.

Adapted from Fleisher LA, Beckman JA, Brown KA, Calkins H, Chaikof E,

Fleischmann KE, et al: ACC/AHA 2007 guidelines on perioperative

cardiovascular evaluation and care for noncardiac surgery. A report of the

American College of Cardiology/American Heart Association Task Force

on Practice Guidelines (Writing Committee to Revise the 2002 Guidelines

on Perioperative Cardiovascular Evaluation for Noncardiac Surgery).

Circulation 2007;116:e418-499.
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AUTHOR’S RECOMMENDATIONS

1. The newly released “Universal Definition of Myocardial
Infarction Guidelines” document and other cardiology-based
guidelines of the ACC/AHA and National Academy of
Clinical Biochemistry Laboratory Medicine provide a
comprehensive framework for the diagnosis of MI. These
principles are applicable to the perioperative setting. At this
point, troponin I is the most commonly used biomarker and
will likely remain so for years to come. Wide variability in 99th
percentile limits between manufacturers greatly complicate
comparison of absolute values between centers.

2. Substantial evidence exists that even low levels of troponin
elevation in otherwise clinically asymptomatic patients are
associated with higher long-term (6 months to 1 year) cardiac
morbidity and mortality rates. Whether this should change
our current patterns of perioperative surveillance and the
aggressiveness of postoperative cardiac risk stratification is
uncertain.

3. Supplementing surveillance strategies with either preoperative
or postoperative measurement of NT-proBNP in high-risk
patients appears to be a promising approach, although its
cost-effectiveness has not been validated.
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 Does Neurologic
Electrophysiologic Monitoring
Affect Outcome?

Michael L. McGarvey, MD, and Steven R. Messé, MD
INTRODUCTION

Neurologic injury from surgery results in substantial
increased morbidity, mortality, and cost, and, most impor-
tant, it is devastating to patients and their families. Thus,
techniques to lessen, reverse, and even avoid neurologic
injury are very valuable. Neurologic intraoperative elec-
trophysiologic monitoring (NIOM) allows for the early
identification of impending or ongoing intraoperative
injury, thus allowing for interventions. Changes to a
patient’s neurologic electrophysiologic baselines during
the procedure alert the operative team that a potential
injury may be occurring. The goal of NIOM is to detect
dysfunction caused by ischemia, mass effect, stretch, heat,
and direct injury in real time before it causes permanent
neurologic injury. Monitoring may also be useful in
identifying and preserving neurologic structures during
a procedure where they are at risk (mapping).

There are several challenges to establishing the efficacy
of NIOM. The first is that there have been no blinded
or randomized trials assessing the efficacy of NIOM
in humans. Unfortunately, there will likely never be a sub-
stantial trial examining this issue.1 The reason behind the
lack of high-level evidence is that monitoring is well
established and accepted in clinical practice. Moreover, it
is generally extremely low risk to the patient. The general
consensus in the surgical community is that monitoring
is useful and there would be ethical and medicolegal
dilemmas in withholding monitoring in patients who are
at potential risk of injury. A second limitation in establish-
ing outcomes for NIOM is that the goal of monitoring is
to reverse a significant change if one is seen during a
procedure. Thus, monitoring may detect an impending
injury, which is reversed, but the benefit can never be
confirmed because the patient wakes up with a normal
examination. The utility of monitoring is based on animal
studies and case series with comparisons to historical
controls. The utility of NIOM may be supported by estab-
lishing that monitoring can in fact detect injury in cases
where injury has occurred (true-positives), and limiting
false-negative outcomes (injury occurred and was not
detected) and persistent false-positive outcomes (injury
was predicted by NIOM at the end of a procedure but
did not occur). Multimodality monitoring is possible,
so the ability of different NIOM techniques to predict
injury can be compared in the same patient.
THERAPIES

Various portions of the nervous system can be moni-
tored by using several NIOM techniques. The specific
neurologic tissues at risk, as well as the type of potential
injury, vary with different surgical procedures. Spe-
cific techniques include electroencephalograph (EEG)
and evoked potentials, including somatotosensory evoked
potentials (SSEPs), brainstem auditory evoked poten-
tials (BAEPs), visual evoked potentials (VEPs), electromy-
ography (EMG), nerve conduction studies (NCSs), and
transcortical electrical motor evoked potentials (TcMEPs).

EEG is a measure of spontaneous electrical brain activ-
ity recorded from electrodes placed in standard patterns
on a patient’s scalp or directly on the cortex with ster-
ile electrode strips or grids. The differences in activity
between individual electrodes is amplified and then
recorded as continuous wavelets that have different
frequencies and amplitudes. These data can be displayed
as a raw EEG on a display in a series of channels or bro-
ken down into the basic components of frequency and
amplitude and displayed as a spectral analysis. A change
in a patient’s background EEG activity from baseline dur-
ing a procedure may indicate ischemia of the cerebral
cortex either focally or through a generalized loss of
activity over the entire cortex. A 50% decrease in EEG
amplitude is generally considered a significant change.
EEG is routinely used intraoperatively during carotid
endarterectomy (CEA), cerebral aneurysm, and arterio-
venous malformation surgery or in other procedures that
place the cortex at risk.1-4

Evoked potentials are measures of nervous system
electrical activity resulting from a specific stimulus that
is applied to the patient. Electrodes record responses
to repetitive stimuli as averaged wavelets at different
locations in the nervous system as this evoked activity
propagates along its course.

SSEPs are produced by repetitive electrical stimulation
of a peripheral nerve while recording averaged poten-
tials as they travel through the afferent sensory system.
397
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SSEP waveforms are recorded from peripheral nerve,
spinal cord, brainstem, and primary somatosensory cor-
tex. The recording of waveforms at sequential locations
along the complete afferent sensory system allows for
localization of dysfunction during procedures. This dys-
function could be caused by ischemia, mass effect, or local
injury. SSEPs recorded from stimulation of the median
nerve are used intraoperatively during carotid endarterec-
tomy and intracranial surgery for anterior circulation vas-
cular lesions.5,6 SSEPs recorded from stimulation of the
posterior tibial nerve in the leg are used during intracra-
nial surgeries involving vascular lesions in the posterior
cerebral circulation.7 Monitoring both upper and lower
extremity SSEPs during procedures that place the spinal
cord at risk may be useful in procedures to treat scoliosis,
spinal tumors, or descending aortic repairs. The accepted
criterion for significant SSEP change, suggesting a poten-
tial injury, is a decrease of spinal or cortical amplitudes
by 50% or an increase in latency by 10% from baseline.

BAEPs are wavelets generated by the auditory nerve and
brainstem in response to repetitive clicks, delivered to the
ear. Typically, five wavelets are recorded from electrodes
place near the ear, with the first recorded wavelet repre-
senting the response from peripheral cochlear nerve, while
the next four wavelets are generated from ascending struc-
tures in the brainstem. Changes in latency and amplitude of
these five waves are used to assess the integrity of the audi-
tory pathway during procedures that put them at risk.8

BAEPs are commonly used in posterior fossa neurosurgical
procedures such as acoustic neuroma resections, which
place the eighth nerve at risk from either ischemia or stretch
injury. BAEPs may also be useful in identifying and pre-
venting injury in procedures such as tumor resections or
arterio-venous malformation (AVM) repairs that place the
brainstem itself at risk because of ischemia or mass effect.

VEPs are wavelets generated by the occipital cortex
in response to visual stimuli (typically flashing lights
delivered with light-emitting diode [LED] goggles in the
operative setting). VEPs are recorded from electrodes
overlying the occipital cortex and provide information
about the integrity of the visual pathway during pro-
cedures. VEPs have been have been monitored during
neurosurgical procedures involving mass and vascular
lesions near the optic nerve and chiasm.

EMG and NCSs can be performed on both peripheral
and cranial nerves to assess their integrity and to localize
these nerves by recording compound motor action poten-
tials (CMAPs) from the muscles they supply. Monitoring
is performed by placing pins or electrodes in muscles
and then identifying the nerve supplying the muscle by
stimulating it during the procedure (mapping). NCSs
can also be performed by determining whether a specific
length of nerve will conduct electrical activity between a
stimulating and recording electrode. If a nerve does not
conduct the signal, this may indicate that it has been sig-
nificantly injured along its course. Peripheral nerves are
at risk of crush, stretch, ligation, ischemic, and hyper-
thermic injury during many surgical procedures due to
malpositioning, electrocautery, or direct injury. Monitor-
ing is also performed by observing spontaneous activity
from the muscle, which may indicate that a nerve supply-
ing it is suffering unexpected injury. Cranial motor nerves
are often monitored in this fashion. Cranial nerve VII is
often monitored during posterior fossa procedures where
it is at high risk of injury and also during parotid gland
procedures or other ear/nose/throat (ENT) procedures
involving the face, ear, or sinuses. All peripheral nerves
in the extremities and trunk can similarly be monitored.
Monitoring of peripheral nerves can aid in localizing
and protecting nervous tissue during nerve repairs or
during tumor resections.

TcMEPs are performed by delivering electrical current
to the motor cortex from electrodes on the scalp and
recording either motor evoked potential (MEP) wave-
forms (D and I waves) from epidural electrodes near the
spine itself or recording myogenic evoked potentials from
muscles (CMAPs) in the upper and lower extremities.
MEPs may also be recorded by direct electrical stimula-
tion of the motor cortex following craniotomy (as a means
of functional mapping of the motor cortex) or via transcor-
tical magnetic stimulation. TcMEP provides a real-time
assessment of the descending motor pathway from the
cortex to muscle during procedures that place the corti-
cospinal tracks at risk. TcMEP is becoming increasingly
used in advanced neurosurgical, aortic, and orthopedic
centers for monitoring motor pathways of the brain and
spinal cord during procedures. MEPs appear to have a
superior temporal resolution for detection of ischemia
compared with SSEPs (less than 5 minutes versus 30 min-
utes). This is likely because TcMEP measures spinal gray
matter, which is very sensitive to ischemia, in addition
to spinal motor myelinated tracts. One downside is that
there are no clear criteria in the literature to define a criti-
cal change warning that injury is occurring. Studies have
used different losses in CMAP amplitude (25% versus
50% versus 80%) or threshold changes (that is, the amount
of stimulation current it takes to obtain the CMAP) to sig-
nify a critical change.9,10 The ability to perform TcMEP is
also limited by its sensitivity to anesthetics, paralytic
agents and temperature. The use of paralytic agents is dis-
couraged and, if used at all, should be extremely limited
and kept relatively constant (at less than 40% neuromus-
cular blockade). This also means that patients are at
higher risk of injury due to spontaneous movements or
stimulation during their procedures. Another limitation
is the large concern that TcMEPs are often difficult to
obtain from the leg. Whether this is because of technical
limitations of the modality or preexisting injury in
patients is unclear.9-13 Complications are of greater con-
cern than in other modalities because of the stimulus
intensity required to induce the response and may include
rare instances of seizures and tongue lacerations.11,14,15

Finally, the establishment of efficacy for TcMEP has been
limited by the lack of approved equipment and experience
in performing the technique.

EVIDENCE

Evidence Supporting the Use of EEG in
Carotid Endarterectomy

One of the most common uses of NIOM is EEG during
CEA and other intracranial vascular procedures where
the brain is at risk for ischemic injury from hypoperfusion.
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Although commonly used to monitor CEAs, few data
exist to support its use, including a lack of randomized
trials. Intraoperative stroke is rare, occurring in approxi-
mately 2% to 3% of CEAs with a large proportion of these
strokes due to embolism.2-4 Despite this it is clear that
a small proportion of these strokes are due to hypoper-
fusion, and it is known from both animal studies and
human blood flow studies that loss of EEG activity reflects
a reduction of blood flow in the brain.16,17 In a large series
of 1152 CEAs, a persistent significant change on intra-
operative EEG (12 cases) had 100% predictive value for
an intraoperative neurologic complication.3 A critical
point during CEA is clamping of the carotid artery in
order to perform the endarterectomy. If ischemia is
detected, elevating the blood pressure or placement of a
carotid shunt may be used to alleviate the ischemia. Sig-
nificant EEG changes can occur in up to 25% of cases dur-
ing carotid clamping; however, strokes do not occur in a
majority of these cases even without shunting.3,17-19

In two separate series with a total of 469 patients under-
going CEA with EEG monitoring but without shunting,
44 patients suffered significant EEG changes and 6 of
these suffered intraoperative strokes.17-19 Although not
all patient experiencing EEG changes during CEA in this
cohort suffered a stroke, it is possible that the strokes
may have been averted with use of selective shunting
based on EEG. Use of selective shunting based on EEG
is further supported by a series of 369 patients in which
73 patients were shunted based on significant EEG
changes and no intraoperative strokes occurred and
another study of 172 patients in which the use of EEG
and selective shunting reduced neurologic complications
from 2.3% to 1.1% in 93 patients.2,21

Evidence Supporting the Use of SSEPs to
Detect Brain and Spinal Injury

Use of SSEPs to identify early spinal cord injury has
become widespread. The risk of spinal injury varies
with different surgeries but has reported to occur in 1%
to 2% of scoliosis repairs. Significant changes in SSEPs
have been predictive of injury in several small case
series in complex cervical and thoracic spine procedures
but false positives and false negatives do occur.22-27 The
risk for injury in cases involving intramedullary spinal
lesions, such as tumors, has been reported to be up
to 65.4%.28,29 In a prospective and retrospective cohort
study of 19 patients with adequate baseline SSEP signals
undergoing intramedullary tumor resections, SSEPs suc-
cessfully predicted a postoperative motor deficit in five
patients with no false negatives.30 In a large survey of
242 experienced surgical groups performing major spinal
surgery, neurologic complications occurred twice as often
in nonmonitored cases as in the monitored cases (51,263
total cases).31 In the monitored cases, there were 184 neu-
rologic complications of which 150 (81%) were predicted
by SSEPs, although 34 were not identified, resulting in a
false-negative rate of only 0.063%.31 The authors con-
cluded that SSEP monitoring detected greater than 90%
of neurologic injuries with a sensitivity of 92% and a
specificity of 98.9%. In a second large series by the same
investigators, 33,000 SSEP-monitored spinal cases were
retrospectively reviewed.32 In this survey, a 0.75% false-
positive, 0.48% true-positive, and 0.07% false-negative
rate was reported for sensitivity of 86.5% and specificity
of 99.2%. Specific data were collected for 77 patients
who were injured in this group (30 injuries were severe):
there were 17 false negatives and 60 true positives.
Of the severe injuries, 5 were not detected by SSEP
monitoring.

Permanent loss of SSEP signals in descending aortic
repairs indicating spinal ischemia has accurately pre-
dicted paraplegia. Furthermore, good outcomes have been
reported when a spinal SSEP change is reversed with
maneuvers that improve spinal perfusion in small case
series.33-37 There is a direct correlation to the time of loss
of SSEPs (40 to 60 minutes) and the incidence of paraple-
gia.38 However, other data in a nonblinded prospective
study of 198 patients undergoing thoracic aortic aneurysm
(TAA) and thoracoabdominal aortic aneurysm (TAAA)
repairs (99 patients underwent surgery with distal artery
bypass and SSEP monitoring versus 99 patients with-
out bypass and monitoring) demonstrated no significant
differences in neurologic outcomes between the two
groups (8% neurologic complication rate in the SSEP group
versus 7% in the unmonitored group).39 There was no sta-
tistical difference following logistic regression analysis
between the two groups.

Upper-extremity SSEPs have been used for monitoring
during CEA. A benefit of using SSEPs over EEG in CEA
is that they allow for monitoring of subcortical struc-
tures, although EEG does provide neurophysiologic infor-
mation for a much larger area of cortex. In a meta-analysis
of seven large studies assessing the use of SSEPs during
CEA in 3028 patients, significant central SSEP changes
indicated ischemia in 170 patients (5.6%).40 Although some
of these 170 cases employed carotid shunting to reverse
significant SSEP changes, 34 patients suffered an ischemic
complication. Eight false negatives were reported in this
analysis, but not every study included in the analysis
reported false negatives. The authors concluded that
SSEPs and EEG had similar sensitivities and specificities
in detecting ischemia during CEA. Another meta-analysis
of 15 studies of 3036 patients identified 10 false-negative
patients. Of note, there was some overlap between this
analysis and the previous review of seven large studies.
This study also looked at the predictive value of significant
SSEP change and concluded that it was poor in predicting
outcome and in determining the need for carotid shunting.
This was based on comparing similar outcomes in patients
undergoing selective shunting with SSEP monitoring and
317 patients who had monitoring but were not shunted
regardless of the changes seen on SSEP.41

The utility of SSEP monitoring during intracranial
aneurysm repair has also been studied. In repairs of
intracranial aneurysm, temporary occlusion of a proximal
vessel such as the carotid may be necessary to increase
the safety of aneurysm clip placement. During these peri-
ods, monitoring with SSEPs may enable longer periods
of temporary ischemia, identification of inadequate collat-
eral flow, or identification of malpositioning of aneurysm
clips. In a series of 67 aneurysm clippings, 24 significant
SSEP changes were noted during temporary clipping,
yet only one patient awakened with deficit.42 In a similar



400 Section V MONITORING
study involving 58 intracranial aneurysm repairs, 13 sig-
nificant SSEP changes were demonstrated, only one of
which was persistent and resulted in a neurologic deficit.7

All the transient changes in this study resolved with inter-
vention, including temporary clip removal, permanent
clip adjustment, increase in systemic pressure, or retractor
adjustment.7

Evidence Supporting the Use of BAEP in
Posterior Fossa Neurosurgical Procedures

BAEP monitoring may be used to monitor surgical pro-
cedures involving the brainstem and posterior fossa that
place the eighth cranial nerve and the auditory pathway
at risk. In a series of 144 acoustic neuroma resections,
the normal presence of wave V at the end of the resection,
regardless of whether there was a transient change during
the procedure, was consistent with preservation of useful
hearing.43 In a study of 46 posterior fossa procedures,
4 procedures had significant operative BAEP loss, each
of which coincided with significant loss of hearing. The
remaining patients without significant BAEP changes
demonstrated normal hearing. A retrospective study of
70 patients undergoing microvascular decompression of
the trigeminal nerve with BAEP monitoring was com-
pared with 150 unmonitored patients. In the monitored
group, none of the patients experienced hearing loss
whereas 10 patients developed hearing loss in the unmon-
itored group.44 In a retrospective study of 156 patients
undergoing posterior fossa procedures, the permanent
loss of wave V was significantly associated with hearing
loss.45 Finally, in a study of 90 acoustic neuroma resec-
tions with BAEP monitoring compared with 90 matched
historical controls without monitoring, hearing loss was
significantly less in those patients with tumors smaller
than 1.1 cm who were monitored.46

Evidence Supporting the Use of EMG and
Nerve Conduction Studies

Cranial nerve monitoring is employed in operations of the
posterior fossa and brainstem. In a series of 104 acoustic
neuroma resections in which only 29 underwent facial
nerve monitoring with EMG, there were significantly bet-
ter outcomes in monitored patients at 1 year.47 In a study
that compared 56 patients with facial nerve monitoring
with EMG during parotidectomy with 61 patients who
did not have monitoring, early facial weakness was signif-
icantly lower in the monitored group, 43.6% versus 62.3%,
although the incidence of permanent facial weakness was
not significantly different.48 There are no large studies
published evaluating the utility of monitoring other
cranial and peripheral nerves.

Evidence Supporting the Use of
VEP Monitoring

The evidence supporting VEP monitoring is sparse in
part due to difficulty in obtaining signals in the operat-
ing room.49,50 A group of 22 patients undergoing VEP
monitoring during macroadenoma resection compared
with 14 patients undergoing the procedure without moni-
toring demonstrated no significant difference in visual
outcome.51 Other small clinical case series have also
reported no clear benefits of VEP monitoring.52

Evidence Supporting the Use of TcMEP in
Spinal and Descending Aortic Surgery

The optimal approach to monitor the spinal cord during
high-risk procedures is controversial, and it is unclear
whether SSEP or TcMEP is superior. Procedures that
may benefit from spinal cord monitoring include orthope-
dic procedures involving structural or vascular lesions,
as well as repairs of the descending aorta, which put the
spinal cord at risk of ischemia.53,54 SSEP monitoring has
been the traditional standard and it has been employed
in routine clinical practice for spinal procedures since
the 1980s.1 However, SSEPs theoretically monitor only
the sensory white matter tracts of the spinal cord, the
posterior columns in particular. The question that arises
is whether SSEPs are adequately sensitive for injury to
the corticospinal tracts in the cord, which is of primary
importance during these procedures. Multiple studies
have reported improved outcomes with SSEP monitoring
during aortic and spine surgery.32,34,35,55 As noted previ-
ously, there are significant challenges associated with
TcMEP use. Thus, the question is whether TcMEP pro-
vides greater sensitivity to injury of spinal cord structures
that are most meaningful to outcome, thereby justifying
its use over SSEP in procedures placing the spinal cord
at risk.11,14,56

In a study of 142 patients undergoing complex spinal
deformity repairs with TcMEP monitoring, 16 patients
had significant changes indicating spinal cord motor
tract dysfunction during their procedure.10 In these 16
cases, 11 of the TcMEP changes were reversed during
the procedure and no deficit occurred, whereas the
5 patients with persistent changes awoke with a motor
deficit. In a cohort of 100 intramedullary spinal tumor
resections, TcMEPs were detectable on all nonparaplegic
patients. TcMEPs were 100% sensitive and 91% specific,
and no patient with stable MEP signals throughout
the case awoke with a deficit.57 Similarly, a study of
50 patients monitored with TcMEP and SSEP during
intramedullary tumor resection were compared with a
group of 50 matched patients without monitoring from
a historical cohort of 301 patients.58 Neurologic outcomes
were evaluated at discharge and at 3 months and demon-
strated a strong trend at the time of discharge and sig-
nificant improvement in outcomes at 3 months in the
monitored group. Case series have shown a low rate of
paraplegia in TAAA procedures when TcMEP are
employed for monitoring. In a study of 75 TAAA repairs,
all patients with normal TcMEP awoke without parapar-
esis, whereas 8 of 9 patients with significant changes con-
sistent with spinal cord injury awoke with a deficit.59

Twenty patients in this study had significant MEP
changes that resolved intraoperatively and none of these
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patients awoke with a deficit. Other investigators have
demonstrated that significant changes of intraoperative
TcMEP during aortic surgery can be reversed with tech-
niques that increase spinal perfusion, including reim-
plantation of intercostals and increasing systemic
pressure.60

Several series have been performed in which TcMEPs
and SSEPs were monitored during the same procedure
(Table 59-1). This is a rare instance in which head-to-
head comparisons have been performed between two
monitoring techniques, although there are flaws in analyz-
ing these data. In all cases, anesthesia was tailored to
optimize TcMEP. Paralytic agents were not used, which
increases the difficulty of optimally monitoring SSEPs
because of motor artifacts generated from performing
stimulation.

In a series of complex spine surgeries, 104 patients
were monitored with both TcMEPs and SSEPs simulta-
neously.13 Ninety patients had no significant changes
and none of these patients awoke with a new deficit.
In 7 of the remaining 14 cases changes were seen in both
modalities: 5 patients had transient changes and awoke
without a deficit whereas the remaining two patients
had persistent SSEP or TcMEP changes that predicted
one motor deficit and a sensory deficit. In the 7 remaining
cases only TcMEP changes occurred: 4 patients had tran-
sient changes and aroused without a deficit. One patient
had a permanent TcMEP change and awoke with a deficit
and another had a transient TcMEP change and awoke
with right leg weakness. One patient had a significant
persistent TcMEP change without neurologic deficit. In a
cohort of 427 patients undergoing anterior or posterior
cervical spine repairs with both SSEPs and TcMEPs, the
monitoring identified 12 patients who developed sig-
nificant loss of signals indicating a spinal injury.12 All
12 developed significant TcMEP changes with 4 also
having significant SSEP changes. Seven of the patients
with TcMEP-only changes and 3 of the patients with
both TcMEP and SSEP changes were reversed with intra-
operative adjustments. Of the remaining two patients with
postoperative motor deficits, one had persistent TcMEP
decrements and the other had both persistent TcMEP and
SSEP changes, resulting in one patient in the cohort
who had an intraoperative injury that was not identi-
fied by SSEPs. In a study of 118 patients undergoing
TAAA repairs using both modalities, 42 patients had sig-
nificant TcMEP changes whereas only 5 patients had
significant SSEP changes.61 Aggressive measures were
taken to reverse the intraoperative monitoring changes,
but despite these interventions, 18 patients had persis-
tent TcMEP changes and 4 patients had persistent
SSEP changes at the time of skin closure. Five patients
awoke with paraplegia; four of these were predicted by
TcMEPs and one by SSEPs. There are several smaller
case series that appear to confirm the findings of these
larger case studies except for an increase in false posi-
tives in both modalities.9,58,62-65 TcMEPs appear to have
increased sensitivity at predicting motor injury than
SSEP.9,12,13,61-63
Controversies and Areas of Uncertainty

Although there is a legitimate concern regarding the
unproven benefit of NIOM because of the lack of rando-
mized trials, there are several situations in which monitor-
ing appears to have an established utility. Specifically, the
improved outcomes reported in large case series support
the continued use of EEG in CEA, SSEP in spinal surgery,
BAEP in posterior fossa procedures, and EMG in proce-
dures placing the facial nerve at risk. There are several
areas where the evidence has either not supported the
use of monitoring or where further clinical research needs
to be performed to demonstrate a clear benefit before
recommending that these techniques become the standard
of care in clinical practice. These techniques include VEP
monitoring, SSEP and BAEP monitoring in procedures
placing the brainstem at risk, EEG in neurosurgical
vascular procedures, SSEP in CEA, and EMG in cases
placing peripheral and cranial nerves at risk other than
the seventh nerve.

There is early evidence supporting the use of TcMEP
in complex cervical and thoracic spinal procedures and
descending aortic procedures. It appears that TcMEP
may be more sensitive than SSEP in detecting and predict-
ing motor deficits in patients undergoing procedures
that place their spinal cords at risk of motor deficits. This
benefit must now be weighed against the potential risks of
using TcMEP before it becomes the standard over SSEP
for monitoring these procedures. The risks include poten-
tial skin injury, anesthetic restrictions, cost, oversensitiv-
ity, and the need for increased professional oversight.
Further clinical research in the use of TcMEP is necessary
to establish this promising technique. The exception at
this time may be a clear benefit of the use of TcMEP
in the treatment of intramedullary spinal cord tumors.

The difficulty of assessing the benefit of intraoperative
monitoring techniques in isolation raises the question of
whether using multiple electrophysiologic techniques or
nonelectrical techniques during high-risk procedures
adds any benefit. Adding multiple techniques during
one procedure may aid in identifying injury but also
may add confusion when the modalities do not correlate,
as well as adding cost. Another benefit of dual monitoring
is that if one modality fails for technical reasons the other
modality is still available.

GUIDELINES

In 1990, the Therapeutics and Technology Subcommittee
of the American Academy of Neurology (AAN) deter-
mined that the following techniques were useful and non-
investigational: EEG and SSEPs as adjuncts in CEA and
brain surgeries where cerebral blood flow was com-
promised, SSEP monitoring performed in procedures
involving ischemia or mechanical trauma to the spine,
and BAEP and cranial nerve monitoring in surgeries
performed in the region of the brainstem or ear are
beneficial.1 There have been no further recommendations
from the AAN regarding NIOM.



Table 59-1 Motor Outcomes of Spinal and Aortic Procedures Using Both TcMEP and SSEP and a Comparison of Modalities

Study, Year (Type of
Surgery: Cervical/Thoracic
Spine,1 TAAA2)

Number of
Patients

Number of Subjects with Significant
Intraoperative SSEP/TCMEP Changes

Number of Subjects with Persistent
Significant Changes Who Awoke with
Motor Deficit (Additional False
Negatives Bold, False Positives in
Italics)

Sensitivity of
Having a
Significant
Change and
Having a
Motor Deficit
(%)

Specificity of
Having a
Significant
Change and
Having a
Motor Deficit

Both SSEP/
TcMEP

TcMEP
Alone

SSEP
Alone

Total Both SSEP/
TCMEP

TCMEP SSEP TcMEP SSEP TcMEP SSEP

Pelosi, 20021 104 7 7 0 3 1 2(1)(1) 1(2) 67 33 99 100

Hilibranbrand, 20041 427 4 8 0 2 1 2 1(1) 100 50 100 100

Van Donegan, 20012 118 5 37 0 5 1(4) 4(1)(14) 1(4) 80 20 88 100

Weinzierl, 20071 69 6 12 2 10 2(1)(1) 8(2)(1) 2(8)(2) 80 20 98 97

Meylaerts, 19992 38 5 13 11 0 0 0 0(15) N/A N/A 60 100

Costa, 20071 38 3 0 1 1 1 1 1(1) 100 100 100 97

Total 794 30 77 14 21 6(1)(5) 17(4)
(16)

6(16)
(18)

81 27 98 98
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AUTHORS’ RECOMMENDATIONS

These recommendations serve as a guide only and are based on
the authors’ interpretation of the available data and should
not replace clinical judgment. There should be judicial use of neu-
rophysiologic monitoring. It should be reserved for surgical cases
where the nervous system is at significant risk. When neurologic
injury is expected, neurophysiologic monitoring becomes
mandatory.

1. Although it is relatively rare, neurologic injury due to hypo-
perfusion may occur during carotid endarterectomy. EEG can
identify this complication and appears to improve outcomes by
indicating when carotid shunting is necessary. The available
data support its use over other modalities at this time,
although a randomized trial comparing modalities such as
transcranial doppler ultrasound (TCD), SSEP, stump pressure,
and nonselective shunting is needed. EEG’s use in other pro-
cedures where the cerebral cortex is at risk may be beneficial
but there is a lack of data to support it.

2. SSEPs are useful in identifying ischemia in the brain during
complex neurosurgical vascular procedures, injury to the spi-
nal cord in complex cervical and thoracic spinal procedures,
and ischemia in descending aortic repairs. It is unclear whether
SSEP or TcMEP is superior for detecting potential injury in the
spinal cord given the current data available. This is deserving
of further study. It is the current recommendation based on
this review that SSEP be used during all complex cervical and
thoracic spine and descending aortic procedures that place the
spinal cord at any risk.

3. At this time, TcMEP should be considered as a useful adjunct
in monitoring the spinal cord during procedures placing it at
risk of injury, but more clinical data need to be collected before
TcMEP should be considered the standard. SSEPs should also
be monitored in all cases in which TcMEPs are attempted. A
randomized controlled trial comparing TcMEP and SSEP spi-
nal monitoring may be possible from an ethical standpoint and
should be considered.

4. BAEPs are useful in identifying injury and improving out-
comes during neurosurgical procedures involving the posterior
fossa that place the eighth cranial nerve at risk and should be
used. This is especially true in acoustic neuroma resections
where the tumor is less than 2 cm in diameter. It is unclear
whether BAEP and SSEP monitoring during procedures that
put the brainstem at risk is useful, but given the potential
benefit of monitoring during these procedures it should be
continued while more outcome data are collected.

5. Seventh cranial nerve monitoring in surgeries performed in the
region of the brainstem or ear using spontaneous EMG and
mapping with direct simulation of seventh cranial nerves
improves outcomes and should be used. Whether there is a
benefit from monitoring of other cranial nerves or peripheral
nerves during procedures that put them at risk is unclear, but a
potential benefit does exist, so monitoring here should be
continued while further outcome data are collected.

6. It is unclear whether VEP monitoring can adequately identify
injury to the visual pathway and improve outcomes in surgical
procedures placing it at risk, and its use should likely be lim-
ited to research protocols.
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 Is Regional Superior to General
Anesthesia for Infrainguinal
Revascularization?
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INTRODUCTION

Infrainguinal revascularization includes bypass of the
femoral artery or its branches. All patients having vascu-
lar surgery are at high risk for cardiac complications
according to the American College of Cardiology Guide-
lines for Perioperative Evaluation for Noncardiac Surgery.
Patients having lower-extremity vascular grafting are at
high risk for perioperative complications including graft
failure, myocardial infarction, respiratory failure, and
death.1 In a large cohort study, patients undergoing
infrainguinal bypass had a 30-day mortality rate of 5.8%
and a 1-year mortality rate of 16.3%.2 About half of all
perioperative deaths in this population are caused by car-
diac complications.3 Patients undergoing this type of sur-
gery often have diabetes, histories of tobacco abuse, or
hypertension, which are associated with peripheral and
coronary artery disease. Risk factors for coronary artery
disease have been associated with an increased risk of
perioperative cardiac morbidity in numerous studies.1

Two types of benefit may come to such patients who
receive neuraxial anesthesia. First, they may benefit with
respect to outcomes related to their concomitant diseases,
for example, reduction of myocardial infarction, respira-
tory complications, or infections. Second, they may benefit
with respect to outcomes related directly to their surgery,
for example, reduction of vascular graft failure that leads
to a second procedure or even an amputation. Harm
may also come to patients because of neuraxial anesthesia.
The most obvious concern is for neurologic injury such as
may occur with epidural or subdural hematoma. Evidence
for and against these benefits and harms is given in this
chapter.
THERAPEUTIC OPTIONS

Typical anesthetic options for patients having lower-
extremity vascular grafting include general anesthesia
(GA), epidural anesthesia, spinal anesthesia, and combi-
nations thereof. It is important to consider that clinical
practices in any hospital or study may differ in basic
choices that in turn may influence outcomes to a similar
or perhaps greater degree than the variable studied. When
interpreting studies designed to address anesthetic choice
and infrainguinal revascularization outcomes, utilization
of postoperative epidural infusion, invasive monitoring-
guided hemodynamic optimization, and antithrombosis
therapy are examples of “standardized” therapeutic
choices that in fact vary between studies. The anesthesi-
ologist must evaluate these choices in his or her own prac-
tice, as well as in the body of published evidence, in order
to determine how best to serve his or her patients.
EVIDENCE

Benefits

Mortality and Morbidity in Mixed Surgical Populations

Rodgers and colleagues4 performed a large meta-
analysis of 141 randomized trials comparing neuraxial
anesthesia with general anesthesia for all types of patients.
Neuraxial anesthesia was associated with a significant
(approximately 30%) reduction in postoperative mortality
rate. When odds of dying were examined by type of sur-
gery, neuraxial blockade appeared salutary for orthopedic
surgery more than vascular, general, or urologic proce-
dures. When odds of dying were examined by type of
anesthesia, neuraxial blockade alone was superior to GA
alone. Nonfatal operative morbidities including deep
venous thrombosis, pulmonary embolism, perioperative
transfusion, pneumonia, and respiratory depression were
reduced for patients randomized to neuraxial blockade.
Myocardial infarction was possibly reduced (odds ratio
[OR] 0.67; 95% confidence interval [CI], 0.45 to 1.00) in
patients receiving neuraxial blockade.

The Multicentre Australian Study of Epidural Anesthe-
sia (the MASTER Anesthesia Trial) included 888 patients
with high-risk comorbidities undergoing major abdominal
surgery or esophagectomy, randomized between GA with
epidural anesthesia/analgesia or GA with postoperative
intravenous opioids.5,6 Pain scores were lower at rest on
the first postoperative day (POD) and with coughing on
POD 1 to 3 in the epidural group. Respiratory failure
was also reduced, but no significant differences in mortal-
ity rate or cardiovascular morbidity were demonstrated.
The rate of death or at least one major complication was
57.1% in the epidural group and 60.7% in the GA group;
to demonstrate a statistically significant 3.6% benefit of
407
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regional anesthesia/analgesia would require a study of
roughly 6000 patients. Ultimately, it remains controversial
whether or not a small but significant benefit of regional
anesthesia exists in high-risk mixed surgical populations.

Bode and colleagues7 tested the hypothesis that regional
anesthesia reduces operative cardiovascular morbidity
and mortality rate associated with infrainguinal revascu-
larization. Four hundred twenty-three patients were ran-
domly assigned to receive general (138), epidural (149), or
spinal (136) anesthesia for femoral to distal artery bypass
surgery. Epidural catheters were removed at the time
of discharge from the postanesthesia care unit (PACU),
but some patients received epidural morphine before
catheter removal. All patients were monitored for at least
48 hours postoperatively with arterial lines and pulmonary
artery catheters (but without standardized treatment
protocol). Patients received subcutaneous heparin on
POD 1 until ambulation, then aspirin 81 mg daily there-
after. There was no significant reduction of myocardial
infarction, angina, or congestive heart failure, or all-cause
mortality rate, between GA (16.7%), epidural (15.4%),
or spinal anesthesia (21.3%). Because of study design,
potential benefit of postoperative epidural infusion was
not addressed. In sum, current evidence for significant
reduction of mortality rate and cardiac risk by use of
regional anesthesia during infrainguinal revascularization
is limited. If favorable, the benefit of regional anesthesia
is small.

Graft Failure in Lower-Extremity Revascularization

In two randomized studies, one (Christopherson and
colleagues8) comparing epidural to GA for patients
having lower-extremity grafts and the other (Tuman
and colleagues9) comparing epidural-supplemented with
unsupplemented GA for patients having either aortic or
lower-extremity vascular surgery, vascular graft failure
was reduced in patients with epidurals. Both these studies
reported high rates of vascular graft failure, and both of
them continued epidural analgesia into the postoperative
period. In the study by Christopherson and colleagues,8

preoperative aspirin was withheld and heparin was
continued into the postoperative period only when there
was suspicion of graft failure. Few patients in that study
were monitored with pulmonary artery catheters.8 In the
study by Tuman and colleagues,9 intraoperative heparin
was reversed with protamine at the end of surgery. High
rates of graft failure in these two studies might have been
reduced had different antithrombosis strategies been
used. However, high rates of adverse outcomes made it
possible for these two studies to show significant reduc-
tion of graft failure in patients who received epidural
anesthesia.

A focused retrospective chart review by Kashyap and
colleagues10 also showed possible benefit to regional anes-
thesia. This review examined graft survival after infra-
popliteal revascularization with polytetrafluoroethylene
(PTFE) graft material for critical ischemia. These criteria
narrowed the results to 77 patients of 1500 lower-
extremity revascularization surgeries over the period
1978–1998 and functionally selected for a study popula-
tion with a high rate of graft failure, thus strengthening
the ability to detect a small effect. GA accounted for 75%
of these cases and regional anesthesia, mostly spinal anes-
thetics, 25% of the cases. There were 11 incidents of acute
graft thrombosis, all in the GA group. The regional group
had prolonged primary graft patency at 36 months (35%)
when compared with the GA group (15%). Specific break-
down of which patients had neuraxial analgesia
continued into the postoperative period was not reported.
Postoperative warfarin use was not statistically associated
with an improvement in graft patency, but only some
of the patients received warfarin in this retrospective,
unrandomized study.

In contrast, a retrospective chart review by Schunn and
colleagues11 examined 294 primary femoral-popliteal-tibial
bypass surgeries occurring between 1989–1994 and found
no significant difference of early graft thrombosis rates
between GA alone (9.4%) and epidural alone (14%). How-
ever, the article did not state if epidural analgesia was
always continued into the postoperative period or con-
tinued selectively in certain cases and, as a chart review,
there was no randomization between the two groups.
In two prospective randomized trials, one (Cook and collea-
gues12) comparing spinal to GA and one (Pierce and
colleagues13) in which patients were randomized to spinal,
epidural, or GA, neuraxial analgesia was not continued into
the postoperative period. There was no benefit associated
with regional anesthesia. Rates of graft failure were lower
overall, in fact so low in the study by Pierce and colleagues13

that the study was underpowered to find a difference in
rates of graft failure. In the study by Pierce and colleagues13

no difference was found in the rate of postoperative ampu-
tation. All patients received aspirin and either subcutaneous
heparin or oral Coumadin. Additionally, all patients were
monitored with arterial lines and pulmonary artery cathe-
ters for 24 to 48 hours after surgery.13 It has been shown
that patients undergoing lower-extremity vascular surgery
under GAhad improved vascular graft survival if theywere
monitored and treated appropriately using pulmonary
artery catheters.14 Thus, use of neuraxial anesthesia may
add no further benefit with respect to graft patency if
antithrombosis therapy is used and hemodynamics are
optimized. Furthermore, there appears to be little evidence
supporting improved vascular graft patency after neurax-
ial anesthesia without continuation of neuraxial analgesia
into the postoperative period.

Risks

Antithrombosis therapy is important in the maintenance
of vascular graft patency. In some institutions aspirin is
routinely given before surgery. Intravenous heparin is
almost always given intraoperatively before clamping
of the arteries to be grafted. Thus, a spinal or an epidural
needle might be placed into a patient whose platelet
function is impaired from aspirin, and subsequent to
placing of an epidural catheter, an anticoagulant is almost
always given. Furthermore, intravenous heparin may be
continued into the postoperative period, or low-molecular-
weight heparin may be given subcutaneously. Because of
their concomitant diseases, vascular surgery patients may
be on Coumadin or antiplatelet therapy.

The American Society of Regional Anesthesia and Pain
Medicine (ASRA) has recently reviewed the evidence of
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risk of epidural hematoma for patients receiving neuraxial
blockade while anticoagulated.15 Pertinent recommenda-
tions related to heparin and antiplatelet agents are sum-
marized below. For more details or for evidence-based
management of neuraxial anesthesia for patients on
other anticoagulants, the reader is referred to the ASRA
consensus document, available at www.asra.com.

1. Unfractionated heparin: Patients undergoing vascular
surgery, who will receive heparin intraoperatively,
should not receive neuraxial anesthesia if they have
other coagulopathies. If there is difficult or bloody
needle placement, they may be at increased risk of
neuraxial hematoma; there should be a discussion with
the surgeon as to whether the case should proceed or
be canceled. In general, heparin should not be given
until at least 1 hour after needle placement. In the post-
operative period, there should be careful monitoring
of neurologic status, and concentrations of local anes-
thetics should be limited to those that allow assess-
ment of motor strength. Epidural catheters should be
removed at least 2 to 4 hours after a heparin dose.
Patients on heparin for 4 days or longer are at risk for
heparin-induced thrombocytopenia; therefore a platelet
count should be obtained before neuraxial block is
performed.

2. Low-molecular-weight heparin (LMWH): Patients
receiving preoperative LMWH should be assumed
to have impaired coagulation. The safest timing and
type of anesthesia is likely a single-injection spinal
anesthetic given at least 10 to 12 hours after the last
thromboprophylaxis-dosed LMWH; patients receiving
higher (treatment) doses of LMWH should not receive
neuraxial anesthesia for at least 24 hours. If LMWH
is to be started postoperatively, dosing and epidural
catheter removal must be timed. Additional care and
consideration of the risk and benefits of regional tech-
niques should be considered when the patient is being
treated with other drugs that may act synergistically
with LMWH.

3. Antiplatelet medications: Nonsteroidal antiinflamma-
tory drug therapy alone is not a contraindication to a
regional technique. Before neuraxial regional anesthe-
sia, an interval of 14 days is suggested for ticlopidine
and 7 days for clopidogrel. The family of platelet
glycoprotein (GP) IIb/IIIa inhibitors deserves special
mention. Platelet aggregation is impaired for 24 to
48 hours following administration of abciximab, and
for 4 to 8 hours following eptifibatide and tirofiban.
AREAS OF UNCERTAINTY

As far as we know, no studies have been published to
date to determine whether spinal anesthesia affects graft
survival, as epidural anesthesia does in some studies.
GUIDELINES

We recommend two guidelines published by national
societies to address issues discussed in this chapter. Both
can be found on websites, where they are updated from
time to time as new information becomes available. With
respect to perioperative cardiac morbidity and mortality
rates, the reader is referred to the website of the American
College of Cardiology (www.acc.org). With respect to
management of neuraxial blockade for anticoagulated
patients, the reader is referred to the website of the Amer-
ican Society of Regional Anesthesia and Pain Medicine
(www.asra.com).
AUTHORS’ RECOMMENDATIONS

Patients with peripheral vascular disease have a significant rate of
perioperative mortality and cardiac morbidity. Therefore any
reduction of risk would provide a relatively large decrease in
the absolute number of operative complications. The literature
reveals contradictory studies, which only hint that neuraxial tech-
niques may show a small benefit to mortality and cardiac event
rates in a mixed population of surgical patients. Specific to the
current practice of regional anesthesia, in addition to the usual
consideration of anatomy, risk of infection, and patient prefer-
ence, increasing utilization of perioperative antithrombotic ther-
apy adds complexity both to analysis of potential risks and
benefits and to actual patient management.

Graft survival may be similar with general anesthesia as
with neuraxial blockade, especially if patients receive optimized
hemodynamic therapy and/or perioperative antithrombosis
therapy. If epidural anesthesia is given, epidural therapy should
be continued into the postoperative period because the only
randomized studies that demonstrated reduction of graft failure
were performed with continued postoperative epidural therapy.

In our hospital we have a very low rate of graft failure. Our
patients receive aspirin before surgery. Arterial, central venous,
and pulmonary artery catheters are used only for medical indica-
tions, and most patients do not receive these monitors. When
deemed safe and feasible, regional anesthesia techniques are
offered as options to patients undergoing infrainguinal revascu-
larization, but with the acknowledgment that the most likely
benefit is superior postoperative analgesia.
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 Evidence-Based Practice for
Fast-Track Cardiac Anesthesia—
Is It Safe?

Daniel Bainbridge MD, FRCPC, and Davy Cheng, MD, MSc, FRCPC,
FCAHS
INTRODUCTION

Fast-track cardiac surgery was first proposed in 1977.1

However, it was not until cost and resource utilization
issues became increasingly important that the concept of
fast-track anesthesia reemerged into prominence in the
1990s and has since become a widespread technique.
Fast-track cardiac anesthesia (FTCA) can be considered
a management protocol involving the perioperative care
of patients with the goal of allowing rapid recovery
following surgery.

The perioperative management of patients in a fast-
track protocol encompasses several steps. Preoperative
screening and optimization of patients is the first step
to a successful fast-track program. In a study by Wong
and colleagues,2 preoperative risks for delayed tracheal
extubation included age and female sex. Postoperative
risk factors included bleeding, inotrope use, intra-aortic
balloon pump (IABP) use, and atrial arrhythmias.2 Intra-
operatively, management consists of low narcotic dosages
balanced with an inhaled agent and/or propofol to pro-
vide a more rapidly reversible state that facilitates early
extubation. It also requires attention to patient temp-
erature and associated management of coagulation and
hemodynamic status to prevent complications, which will
delay extubation. Postoperative care involves continued
vigilance for and management of any complications
(bleeding, arrhythmias, etc.) and nursing support to fast-
track these patients. It is important to acknowledge
that all patients are potential fast-track candidates and
therefore, when clinically indicated, may be extubated
within 4 hours of admission.

The potential benefits of such a protocol are clear. Early
tracheal extubation in the intensive care unit (ICU) leads
to early discharge to the floor. This in turn leads to early
discharge from the hospital, which ultimately leads to cost
savings, a reduction in resource utilization, or both.3-6

OPTIONS

Figure 61-1 outlines the post–cardiac surgery recovery
models for the management of patients. The practice
of higher-dose narcotics with a 16- to 24-hour ICU stay
is the traditional approach to management of cardiac
surgery patients. Recovery of fast-track protocol (FTP)
patients can involve three cardiac recovery models that
have been proposed to maximize the benefits of an FTP
in cardiac surgery: one in which the cardiac recovery
area (CRA) is separate from the ICU (free-standing
model); one in which the CRA is adjacent to the ICU
(parallel model); and the integrated model, in which the
CRA and ICU are physically intertwined. What has
been demonstrated from studies involving FTP for cardiac
patients is that extubation itself reduces costs only mar-
ginally. Maximal costs savings are realized only with the
adoption of different recovery structures. The greatest
benefit of an FTP lies in its ability to reduce costs, and
its ability to reduce costs requires a change in the struc-
ture of patient recovery. Therefore the change to an FTP
approach should be accompanied by a change in patient
recovery practice.
EVIDENCE

To change practice, three fundamental questions should
be addressed. The first is safety; does this practice
increase mortality or morbidity risks? For cardiac surgery,
morbidity endpoints include stroke, cognitive decline,
myocardial infarction, pneumonia, long-term ventilatory
support, and renal failure. Second, how applicable is this
practice to all cardiac patients, and in particular, does
the evidence support the use of this technique in high-risk
subgroups? Third, what is the benefit to using fast-track
cardiac anesthesia?

The best available evidence for fast-track surgery is
from a recent systematic review and meta-analysis of ran-
domized trials comparing fast-track cardiac anesthesia
with conventional anesthesia using high-dose narcotic
regimens7 (Figure 61-2). This review identified 10 trials
involving over 1800 patients. The patients included in
the review had mean ages ranging from 59 to 64 years,
and the majority of patients were male. Many of the trials
excluded elderly patients, those with respiratory disease,
and those with poor left ventricle (LV) function. The
majority of patients underwent elective coronary artery
bypass graft (CABG) surgery. Addressing the issue of
411
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safety, the pooled analysis was unable to demonstrate a
significant difference in outcomes with regard to mortality
rate (relative risk [RR], 0.51 [95% confidence interval (CI):
0.23 to 1.13]), myocardial infarction (RR, 1.00 [95% CI 0.52
to 1.94]), stroke 0.74 (0.05 to 10.56), or acute renal failure
2.92 (0.32 to 27.1). This suggests that, in comparison with
conventional anesthesia, fast-track cardiac anesthesia is
safe. However, it is still possible that small differences
exist because most adverse events were rare and thus
the review lacked power to detect small differences. Only
one patient in all the trials required reintubation. How-
ever, many patients in the early extubation groups failed
to be extubated early, and this outcome was not reported
in the meta-analysis. One other outcome of interest was
not addressed in the meta-analysis, namely, awareness.
To address the issue of awareness, Dowd and col-
leagues8 reported the results of their prospective obser-
vational study on 608 patients undergoing FTCA. All
participants were interviewed 18 hours after surgery
to determine if the patients had been aware during the
surgical procedure. Only two patients (0.3%) reported
awareness during surgery, which is consistent with
reports for general surgical procedures.9

Ovrum and colleagues10 published a prospective obser-
vational study on 5658 patients who underwent FTCA
from 1989 until 1997. The mean age of patients was 63,
and 16.9% were female. The average ejection fraction
was 70%, with 70% reporting New York Heart Association
(NYHA) class III or IV symptomatology. The median
time to extubation was 1.5 hours, with 99.3% being extu-
bated within 4 hours. A total of 1.09% of patients required
reintubation in their cohort, with the reason for reintu-
bation being bleeding in 0.62% and hemodynamic insta-
bility in 0.46%. The rate of reintubation is similar to
other reports on reintubation rates during cardiac surgery
(either conventional or FTCA), which range from 1% to
6%. The rates of myocardial infarction and in-hospital
mortality were 2.53% and 0.41%, respectively. Although
not a randomized trial, it included both high- and low-risk
patient groups and included a sufficient sample size to
accurately determine the absolute risk of adverse events
associated with FTCA. This study suggests that the broad
application of a fast-track protocol is safe and effective.

Myles and colleagues,7 in addition to examining
adverse events, also examined the potential benefits of
an FTCA in reducing length of ventilation, length of
ICU stay, and length of hospital stay. Of these, the dura-
tion of intubation was statistically different (weighted
mean difference [WMD] 8.1 hours; 95% CI: 3.7 to 12.5;
p ¼ 0.001), as was the ICU length of stay (WMD 5.4 hours;
95% CI: 0.3 to 10.5; p ¼ 0.039). Unfortunately, this did not
result in an overall reduction in the length of hospital stay
(WMD 0.61 days; 95% CI: 0.28 to 1.5; p ¼ 0.18). One of
the reasons why discharge times were reduced only
moderately is likely because of the reluctance in most
ICUs to discharge patients who meet discharge criteria
in the evening or overnight.9

Taken collectively these papers all support the safety of
fast-track protocols for elective CABG patients. Patients
with poor left ventricular function, respiratory disease,
and the elderly (age greater than 75 years) were not
included in most of these studies; thus, care should be
exercised in these subgroups when deciding on suitability
for fast-track cardiac anesthesia.
CONTROVERSIES

The two most active areas of research currently are the
type of intraoperative narcotic that best facilitates FTCA,
and the method of pain control during the recovery
period. There are several randomized trials examining
the efficacy of remifentanyl, fentanyl, and sufentanyl
for fast-track cardiac anesthesia. Fentanyl loads were from
7 to 15 mcg/kg with titration to control stimulation from
surgery. Sufentanyl load was 1 to 4 mcg/kg again with
titration to control stimulation from surgery. Remifentanil
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loading was from 0.5 to 1.0 mcg/kg with maintenance
infusions of up to 1.0 mcg/kg/min. Times to extubation
were no different in any of the studies.3,11,12

The use of regional anesthesia has also become an area
of renewed interest both to aid in early extubation and
to provide adequate pain control in the postoperative
period. A systematic review with meta-analysis by Liu
and colleagues13 examined patients who had received
either thoracic epidural analgesia (TEA) versus control
or spinal narcotics versus control. For the TEA group a
total of 15 trials enrolling 1178 patients was included.
TEA reduced pulmonary complications (OR 0.41, 95%
CI 0.27 to 0.60), dysrythmias (OR 0.52, 95% CI 0.29
to 0.93), time to tracheal extubation (WMD 4.5 hours,
95% CI -7 to -2), and visual analog scale (VAS)
pain scores (WMD 7.8 mm, 95% CI -15 to -0.6). For intra-
thecal narcotic utilization a total of 17 trials enrolling
668 patients were included. No benefit was seen in time
to tracheal extubation. VAS pain scores were improved
and total narcotic consumption reduced. In a subset of
trials, in those using intrathecal narcotic doses less than
7 mcg/kg morphine, a reduction in time to tracheal extu-
bation was seen (WMD 1.2 hours, 95% CI -1.8 to -0.7).
There still exists, however, concern over the use of
regional techniques in cardiac patients, and the risk of
epidural hematoma. The risk of epidural hematomas
has been difficult to determine.14

Another meta-analysis reviewed the benefit of patient-
controlled analgesic (PCA)–administered narcotics to
nurse-administered narcotics in patients undergoing
cardiac surgery.15 The review covered 10 trials involv-
ing 666 patients. There was no difference in VAS pain
scores at 24 hours (WMD 0.19, 95% CI -0.61 to 0.24).
VAS pain scores at 48 hours were reduced by 25%
(WMD 0.73, 95% CI -1.19 to -0.27). Narcotic consumption
was increased by 7 mg at 24 hours postoperatively. This
study suggests that there is little benefit to the use of
PCA in patients undergoing cardiac surgery.

Nonsteroidal antiinflammatory drugs (NSAIDs) have
commonly been used in noncardiac surgery as part of a
multimodal anesthetic regimen to reduce pain follow-
ing surgery. A recent meta-analysis reviewed 20 trials
involving 1065 patients who underwent either thoracic
or cardiac surgery and received NSAIDs or control.16

The results demonstrated a reduction in VAS at 24 hours
of 1 point and a reduction in morphine consumption
of 5 mg in the first 24 hours in the cardiac surgical
patients. Although the rates of renal dysfunction and
renal failure were not different in these trials, most
trials excluded patients with preoperative elevations of
creatinine.
AUTHORS’ RECOMMENDATIONS

The following recommendations are based on the aforementioned
studies and the authors’ personal experience and should be
viewed as a guide to aid in the decision-making process. The
entire cardiac care team must be involved when making the
switch from conventional treatment of cardiac patients to a fast-
track approach. Patients who are suitable for an FTC program
must be identified preoperatively. The anesthetic must be tailored
appropriately. In addition, close attention must be paid to the
patients’ coagulation profile, temperature, and hemodynamic
profile in order to treat complications that will prevent early extu-
bation. Finally, postoperative care must be tailored to the patients’
needs. FTCA’s primary benefits are cost reduction and improved
resource utilization. These benefits are greatly enhanced by mod-
ifications in the basic recovery model. By adoption of cardiac
recovery areas, maximum savings are realized.

l Identification of suitable candidates preoperatively. Patients
under age 75 with good LV function (ejection fraction [EF]
greater than 40%) are candidates for FTCA. However, patients
over age 75 or with EF less than 40% should not necessarily
be excluded from FTCA management; instead, it should be
recognized that success is less likely and that a greater number
of these patients will require prolonged postoperative
ventilation.

l Except where the clinical situation does not allow, all patients
should be treated with lower-dose narcotics (10 to 15 mcg/kg
fentanyl, 2 to 6 mcg/kg sufentanil, 0.5 to 1.5 mcg/kg/min
remifentanil) to allow for early extubation in the recovery area.

l Close attention must be paid to the patients’ coagulation
status, temperature, and hemodynamic stability. Bleeding,
hypothermia, and cardiac instability will all prevent early
extubation.

l Analgesia with nurse-administered or patient-administered
narcotics with supplemental analgesia provided by NSAIDs
(if no contraindications).

l Following surgery, the patient’s status to fast-track must be
communicated with the recovery care team.
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 Is There a Best Technique to
Decrease Blood Loss and
Transfusion after Coronary Artery
Bypass Grafting?

John G. T. Augoustides, MD, FASE
INTRODUCTION

The importance of excessive blood loss after coronary
artery bypass grafting (CABG) is related to its signifi-
cant association with deleterious perioperative outcome,
including all the risks of blood transfusion.1-3 Blood
transfusion after CABG significantly increases mortality
risk, ischemic morbidity (stroke, myocardial infarction,
and renal failure), infections (wound, pneumonia, and
sepsis), hospital stay, and overall health costs.3-5

The techniques for reducing bleeding and transfusion
should collectively be focused on all CABG patients,
particularly the high-risk subgroups. The recent clinical
practice guideline on blood transfusion and blood con-
servation in cardiac surgery by the Society of Thoracic
Surgeons (STS) and Society of Cardiovascular Anesthe-
siologists (SCA) identified six important risk factors for
increased bleeding and transfusion risk: advanced age,
low preoperative red cell volume, preoperative anti-
thrombotic or antiplatelet drugs, reoperative or combined
procedures, emergency surgery, and noncardiac patient
comorbidity.4,5 These risk factors identify high-risk CABG
subgroups that merit aggressive intervention to limit
perioperative risk due to bleeding and transfusion.

Furthermore, it is essential to have guideline-driven
transfusion of blood components in order to optimize
the risk/benefit ratio of this intervention. The practice
guidelines for blood component therapy by the American
Society of Anesthesiologists (ASA) identified four consid-
erations for transfusion of packed red blood cells in
adults: (1) hemoglobin during cardiopulmonary bypass
�6.0 g/dL; (2) hemoglobin �7.0 g/dL in patients older
than 65 years or with chronic cardiac or respiratory dis-
ease; (3) acute blood loss greater than 1500 mL or
30% of blood volume; and (4) rapid uncontrolled blood
loss.6 This ASA guideline further suggests that in stable
patients with hemoglobin between 7 and 10 g/dL,
red blood cell transfusion may be considered, but the
benefit of this approach is unclear.6 It is important to note
that these ASA guidelines are not specific to cardiac
surgery and that they are not based on randomized
controlled trials.
OPTIONS TO DECREASE BLOOD LOSS
AND TRANSFUSION AFTER CABG

The perioperative options for limiting blood loss and
transfusion after CABG are presented in Table 62-1. The
evidence for each option will be reviewed to assess its
quality and determine a recommendation, according to
the schema of the American Heart Association, as out-
lined in Tables 62-2A (classes of recommendations) and
62-2B (levels of evidence). The recommendation classes
and evidence levels are summarized for rapid review
in Table 62-3 (class I recommendations), Tables 62-4A
(class IIa recommendations) and 62-4B (class IIb recom-
mendations), and Table 62-5 (class III recommendations).
The discussion of the evidence will focus on selected
representative references. A complete reference list of
over 750 citations is available from the comprehensive
STS/SCA guideline dedicated to this topic (available at
www.scahq.org or www.sts.org, accessed February 24,
2008).4
EVIDENCE

1. Pharmacologic Hemostasis by
Preoperative Recovery of Coagulation

Potent preoperative anticoagulants frequently increase
bleeding and transfusion significantly after CABG. There-
fore, when clinically feasible, they should be discontin-
ued preoperatively to allow recovery of the coagulation
system (class IIb recommendation; level C evidence).
The timing of discontinuation depends on the half-life
of the particular agent and the possibility of reversibility.
The exception to this principle is unfractionated heparin,
which may be discontinued shortly before CABG or not
at all.

High-intensity platelet blockade with thienopyridines
such as clopidogrel may be associated with life-threatening
bleeding after CABG.7 It is reasonable to discontinue
this potent platelet blockade 5 to 7 days before surgery to
limit blood loss and transfusion (class IIa recommendation;
415
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Table 62-1 Perioperative Options to Minimize
Blood Loss and Transfusion after
CABG

Options Examples

Preoperative intervention Autologous donation
Erythropoietin
Pharmacologic hemostasis Antifibrinolytic agents
Desmopressin acetate
Recombinant factor VIIa
Discontinue preoperative

anticoagulation
Hemostasis with mechanical

ventilation
Positive end-expiratory
pressure

Avoidance of
cardiopulmonary bypass

Off-pump coronary artery
bypass grafting

Cardiopulmonary bypass Oxygenator design
Pump type
Heparin-coated circuits
Minimized low-prime circuit
Heparin management
Protamine management
Blood management Acute normovolemic

hemodilution
Intraoperative

autotransfusion
Red cell salvage
Retrograde autologous

priming
Leukocyte filtration
Platelet pheresis
Plasmapheresis
Hemofiltration
Perioperative transfusion

protocol

Table 62-2A Definition of Classification
Scheme for Clinical
Recommendations

Clinical
Recommendations

Definition of Recommendation
Class

Class I The procedure/treatment should be
performed (benefit far outweighs the
risk)

Class IIa It is reasonable to perform the
procedure/treatment (benefit still
clearly outweighs risk)

Class IIb It is not unreasonable to perform the
procedure/treatment (benefit
probably outweighs the risk)

Class III The procedure/treatment should not be
performed because it is not helpful
and may be harmful (risk may
outweigh benefit)

Taken from the American Heart Association/American Council of Cardiology
Manual for Guideline Writing Committees at http://circ.ahajournals.org/
manual/manual_IIstep6.shtml (accessed February 25, 2008).

Table 62-2B Definition of Classification
Scheme for Supporting Evidence
for Clinical Recommendations

Level of
Evidence Definition of Recommendation Class

Level A Sufficient evidence from multiple randomized
trials or meta-analyses

Level B Limited evidence from a single randomized trial
or multiple nonrandomized studies

Level C Case studies and expert opinion

Taken from the American Heart Association/American Council of Cardiology
Manual for Guideline Writing Committees at http://circ.ahajournals.org/
manual/manual_IIstep6.shtml (accessed February 25, 2008).

Table 62-3 Class I Multimodal
Recommendations to Minimize
Bleeding and Transfusion after
CABG

Recommendation
Class and
Evidence

A multimodality evidence-based approach
will limit bleeding and promote blood
conservation after CABG. Multiple
stakeholders, institutional support,
transfusion algorithms, and point-of-care
testing are important components.

I (level A)

Lysine analogs such as epsilon-aminocaproic
acid and tranexamic acid reduce blood loss
and transfusion.

I (level A)

Routine red-cell saving limits blood
transfusion in CABG with cardiopulmonary
bypass. This is not indicated in patients with
infection or malignancy.

I (level A)

Adapted from the following guideline: Society of Thoracic Surgeons Blood
Conservation Guideline Task Force, Ferraris VA, Ferraris SP, Saha SP,
Hessel EA 2nd, Haan CK, Royston D, et al: Perioperative blood transfusion
in cardiac surgery: The Society of Thoracic Surgeons and the Society of
Cardiovascular Anesthesiologists clinical practice guideline. Ann Thorac
Surg 2007;S27-S86.
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level B evidence).4 In the presence of coronary stents,
whether bare-metal or drug-eluting stents, acute with-
drawal of antiplatelet therapy can precipitate stent throm-
bosis.8 The options to maintain stent patency must be
considered, including preoperative hospitalization to substi-
tute thienopyridine therapy with short-acting intravenous
platelet blockade.8-10

It is reasonable to stop low-intensity antiplatelet
therapy (e.g., aspirin) preoperatively in elective patients
without acute coronary syndromes to reduce blood loss
and transfusion after CABG (class IIa recommendation;
level A evidence).11 In the setting of emergent CABG,
aspirin should be continued because the small bleeding

http://circ.ahajournals.org/manual/manual_IIstep6.shtml
http://circ.ahajournals.org/manual/manual_IIstep6.shtml
http://circ.ahajournals.org/manual/manual_IIstep6.shtml
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Table 62-4A Class IIa Multimodal Recommendations to Minimize Bleeding and Transfusion after CABG

Recommendation
Class and
Evidence

Off-pump CABG is reasonable for blood conservation, provided that emergent conversion to on-pump
bypass is unlikely to be based on surgeon experience or patient characteristics.

IIa (level A)

Total quality management, including continuous assessment of existing and emerging blood conservation
techniques, is reasonable for implementation of a complete blood conservation program.

IIa (level B)

A comprehensive multimodality blood conservation program in the intensive care unit is a reasonable means
to limit bleeding and transfusion.

IIa (level B)

Patients with known qualitative platelet defects or severe thrombocytopenia (<50,000/mm2) are at high risk
for bleeding and should receive maximal multimodal blood conservation procedures.

IIa (level B)

It is reasonable to stop thienopyridine therapy (e.g., clopidogrel) 5-7 days before surgery to limit blood loss
and transfusion. In the presence of drug-eluting coronary stents, care must be taken because acute withdrawal
of antiplatelet therapy can precipitate stent thrombosis. The options to maintain stent patency must be
considered, including preoperative hospitalization to convert substitute thienopyridine therapy with short-acting
GP 2b/3a inhibitor therapy.

IIa (level B)

It is reasonable to stop low-intensity antiplatelet therapy (e.g., aspirin) preoperatively in elective patients without
acute coronary syndromes to reduce blood loss and transfusion.

IIa (level A)

It is reasonable to transfuse hemostatic blood products based on clinical evidence of bleeding, preferably guided
by timely and accurate point-of-care testing.

IIa (level C)

Preoperative autologous blood donation in selected patients is a reasonable step for blood conservation. IIa (level A)
Recombinant erythropoietin is reasonable to boost red blood cell volume for patients undergoing preoperative

autologous blood donation.
IIa (level A)

Recombinant erythropoietin is reasonable for anemic low-risk elective patients (hemoglobin <13 g/dL), provided
that it is given with iron several days before surgery.

IIa (level A)

Adapted from the following guideline: Society of Thoracic Surgeons Blood Conservation Guideline Task Force, Ferraris VA, Ferraris SP, Saha SP, Hessel EA 2nd,
Haan CK, Royston D, et al: Perioperative blood transfusion in cardiac surgery: The Society of Thoracic Surgeons and the Society of Cardiovascular
Anesthesiologists clinical practice guideline. Ann Thorac Surg 2007;S27-S86.
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risk is outweighed by its overall benefits (class IIa recom-
mendation; level A evidence).12

2. Limiting Bleeding and Transfusion with
Autologous Donation and Erythropoietin

Preoperative donation of at least 2 units of autologous
blood is reasonable in elective CABG, especially when com-
bined with appropriate erythropoietin and iron therapy
(class IIa recommendation; level A evidence). This practice
is associated with a significant reduction in allogeneic
blood transfusion.13-15 Erythropoietin in conjunction with
iron therapy is also indicated to boost red blood cell mass
in anemic patients (hemoglobin less than 13 g/dL) at least
several days before elective CABG (class IIa recommenda-
tion; level B evidence).14 This application of erythropoietin
is especially useful in the perioperative management of
Jehovah’s Witnesses, patients in whom allogeneic blood
transfusion must be avoided.16 Preoperative augmentation
of red blood cell mass will most likely be explored in detail
by large randomized trials, given the recent high-quality
evidence that preoperative anemia independently predicts
for death, stroke, and renal failure after CABG.17,18

3. Pharmacologic Hemostasis with
Antifibrinolytic Agents

The antifibrinolytic agent aprotinin has recently been with-
drawn from the world market because of concerns about
patient safety recently identified from interim outcome
analysis from the BART trial (details available at www.
trasylol.com, accessed February 19, 2008). BART is the acro-
nym for a registered multicenter trial conducted across
Canada: “BloodConservationusingAntifibrinolytics: ARan-
domized Trial in High-risk Cardiac Surgery Patients” (inter-
national standard randomized controlled trial number
ISRCTN15166455; details available at the ISRCTN register at
http://isrctn.org, accessed February 24, 2008). The BART
study has been suspended until all trial data have been thor-
oughly analyzed for the apparent increase in mortality rate
caused by aprotinin as compared with tranexamic acid and
aminocaproic acid. Before this development, safety concerns
related to anaphylaxis and renal dysfunction had already sig-
nificantly limited the clinical application of aprotinin.19 Two
recent massive outcome analyses of aprotinin in CABG
(cumulative N ¼ 88,474) have also documented a significant
increase in mortality rate in CABG patients exposed to peri-
operative aprotinin as comparedwith aminocaproic acid.20,21

Further discussion of antifibrinolytics for CABGwill now be
limited to tranexamic acid and aminocaproic acid, the
remaining two antifibrinolytics in clinical practice.

Recent high-quality meta-analyses of randomized trials
consistently support the safety and efficacy of the lysine
analogs, tranexamic acid and aminocaproic acid, for
reduction of bleeding and transfusion after CABG.22-24

These agents significantly reduce bleeding and blood
component transfusion (p <0.05) across multiple rando-
mized trials. As a result, the application of these agents,
particularly in high-risk CABG subgroups, has received
a class I recommendation (level A evidence).

http://www.trasylol.com
http://www.trasylol.com
http://isrctn.org
http://isrctn.org


Table 62-5 Class III Multimodal Recommendations to Minimize Bleeding and Transfusion after CABG

Recommendation
Class and
Evidence

Transfusion is not recommended for a hemoglobin concentration above 10 g/dL. III (level C)
Routine prophylactic desmopressin acetate is not recommended to reduce bleeding and transfusion. III (level A)
Prophylactic positive end-expiratory pressure does not reduce bleeding. III (level B)
Routine intraoperative platelet or plasmapharesis is not recommended for blood conservation. III (level A)
Leukocyte filtration during cardiopulmonary bypass is not indicated for perioperative blood conservation. III (level B)
Direct infusion of shed mediastinal blood from postoperative chest tube drainage is not indicated for

perioperative blood conservation.
III (level B)

Routine ultrafiltration in not recommended for blood conservation in adult CABG surgery. III (level B)

Adapted from the following guideline: Society of Thoracic Surgeons Blood Conservation Guideline Task Force, Ferraris VA, Ferraris SP, Saha SP, Hessel EA 2nd,
Haan CK, Royston D, et al: Perioperative blood transfusion in cardiac surgery: The Society of Thoracic Surgeons and the Society of Cardiovascular
Anesthesiologists clinical practice guideline. Ann Thorac Surg 2007;S27-S86.

Table 62-4B Class IIb Multimodal Recommendations to Minimize Bleeding and Transfusion after
CABG

Recommendation
Class and
Evidence

Most high-intensity anticoagulants increase bleeding after CABG. It is not unreasonable to stop these agents
preoperatively, taking into account the half-life and potential lack of reversibility. Unfractionated heparin is
an exception because it may be discontinued very shortly before surgery or not at all.

IIb (level C)

In cardiopulmonary bypass, it is not unreasonable to maintain the hemoglobin �7 g/dL in patients at risk
for critical end-organ injury.

IIb (level C)

In patients with critical noncardiac end-organ ischemia, it is not unreasonable to maintain the hemoglobin
concentration �10 g/dL.

IIb (level C)

Desmopressin acetate therapy is not unreasonable to attenuate excessive bleeding in patients with platelet
dysfunction secondary to uremia, cardiopulmonary bypass, and type I von Willebrand’s disease.

IIb (level B)

Recombinant factor VIIa therapy is not unreasonable for the management of intractable nonsurgical bleeding
that is unresponsive to routine hemostatic therapy.

IIb (level B)

A trial of therapeutic positive end-expiratory pressure to ameliorate excessive bleeding is not unreasonable. IIb (level B)
Open venous reservoir membrane oxygenator systems during cardiopulmonary bypass are not unreasonable to

reduce blood utilization.
IIb (level C)

All cardiopulmonary bypass pumps provide acceptable blood conservation. It is not unreasonable to prefer
centrifugal pumps for their safety features.

IIb (level B)

It is not unreasonable to maintain higher heparin concentrations for CPB durations >2 hours to reduce
hemostatic system activation, blood loss, and transfusion.

IIb (level B)

Protamine titration or empiric low-dose regimens (e.g., 50% of total heparin dose) to lower the total protamine
dose at the end of CPB to reduce bleeding and transfusion.

IIb (level B)

Heparin-coated CPB circuits are not unreasonable to promote blood conservation. IIb (level B)
Low-dose heparin therapy for CPB (ACT about 300 seconds) is not unreasonable to promote blood conservation,

but all the safety concerns have not been well studied.
IIb (level B)

Minimized low-prime CPB circuits are not unreasonable as part of a multimodality blood conservation program. IIb (level B)
Acute normovolemic hemodilution is not unreasonable for blood conservation in cardiac surgery. IIb (level B)
Intraoperative autotransfusion directly from cardiotomy suction or recycled from a cell-saving device is not

unreasonable to augment blood conservation.
IIb (level C)

After CPB, transfusion of pump blood is not unreasonable as a means of blood conservation. IIb (level C)

Adapted from the following guideline: Society of Thoracic Surgeons Blood Conservation Guideline Task Force, Ferraris VA, Ferraris SP, Saha SP, Hessel EA 2nd,
Haan CK, Royston D, et al: Perioperative blood transfusion in cardiac surgery: The Society of Thoracic Surgeons and the Society of Cardiovascular
Anesthesiologists clinical practice guideline. Ann Thorac Surg 2007;S27-S86.
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4. Pharmacologic Hemostasis with
Desmopressin and Recombinant Factor VIIa

Routine prophylactic desmopressin acetate does not
reduce bleeding and transfusion after CABG (class III
recommendation; level A evidence).25 Desmopressin ace-
tate therapy is not unreasonable to attenuate excessive
bleeding in patients with platelet dysfunction second-
ary to uremia, cardiopulmonary bypass, and type I von
Willebrand’s disease (Class IIb recommendation; level B
evidence).4 Furthermore, preoperative platelet dysfunction
detectable by point-of-care testing can often be reversed
by desmopressin therapy.26,27 Thus, desmopressin is
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indicated perioperatively in selected cases with evidence
of platelet dysfunction.

Recombinant factor VIIa therapy has demonstrated
efficacy in the management of massive and refractory
medical bleeding after CABG (class IIb recommendation;
level of evidence B).28 This efficacy is based on a con-
sistent trend from multiple case series that recently have
been systematically reviewed.28 Randomized controlled
trials are currently in progress to evaluate the safety and
efficacy of this intervention in the reduction of bleeding
and transfusion after CABG.

5. Mechanical Hemostasis with Positive
End–Expiratory Pressure

Positive end-expiratory pressure (PEEP) exerts mechani-
cal pressure on the heart and so may limit bleeding after
CABG. Two clinical studies with no control group have
documented control of excessive bleeding with escalating
levels of PEEP up to a maximum of 20 cm H2O.29,30 A trial
of therapeutic positive end-expiratory pressure to amelio-
rate excessive bleeding is not unreasonable (class IIb rec-
ommendation; level B evidence). Prophylactic PEEP does
not reduce bleeding (class III recommendation; level B
evidence).31 When PEEP is effective, it is typically appar-
ent within an hour. Further studies are required to assess
the risks of cardiovascular compromise from high PEEP
immediately after CABG.

6. Limiting Bleeding and Transfusion with
Avoidance of Cardiopulmonary Bypass

CABG without cardiopulmonary bypass (CPB) is asso-
ciated with decreased bleeding and transfusion (odds ratio
0.43; 95% CI 0.29 to 0.65) when compared by meta-analysis
of randomized trials to CABG with CPB.32 Off-pump
CABG is reasonable for blood conservation, provided that
emergent conversion to on-pump bypass is unlikely based
on surgeon experience or patient characteristics (class IIa
recommendation; level A evidence). Emergent conversion
to CABG with CPB is associated with significantly greater
bleeding and transfusion.33

7. Limiting Bleeding and Transfusion with
Modified Cardiopulmonary Bypass

The conduct of cardiopulmonary bypass may signifi-
cantly affect bleeding and transfusion after CABG. The
design of the CPB circuit is the first major consideration.
The hemostatic possibilities in CPB hardware design
include oxygenator design (bubble or membrane), pump
type (centrifugal or roller), and circuit type (heparin
coating and/or minimized low-prime). The second major
consideration is anticoagulation management for CPB
with heparin and protamine. The evidence and recom-
mendations for each of these considerations will now
be reviewed.

A membrane oxygenator during cardiopulmonary
bypass is not unreasonable to reduce blood utilization
(class IIb recommendation; level C evidence).4 Membrane
oxygenators have largely replaced bubble oxygenators
in contemporary clinical practice because they are
associated with reductions in cerebral emboli and blood
transfusion.34,35 Cardiopulmonary bypass pump design,
however, has less of a role in perioperative blood conser-
vation after CABG. All pump designs, whether centrifugal
or roller, provide acceptable hemostatic performance.
The theoretic advantages of the centrifugal design over
the roller design include reduced complement activation
and preserved platelet function.4,36 These advantages,
however, have not translated into consistent clinical
reductions in bleeding and transfusion after CABG in ran-
domized trials.37 It is not unreasonable, however, to prefer
centrifugal pumps for their enhanced safety, including
a lower risk of massive air embolism (class IIb recommen-
dation; level B evidence).4

Heparin-coated CPB circuits are not unreasonable to
promote blood conservation (class IIb recommendation;
level B evidence).38,39 Despite their increased cost, heparin-
bonded circuits in a recent meta-analysis (41 randomized
trials: total N ¼ 3434) significantly improved perioperative
outcome, including blood transfusion (odds ratio 0.8;
95% CI 0.6 to 0.9; p ¼ 0.004) and mediastinal exploration
for bleeding (odds ratio 0.6; 95% CI 0.4 to 0.8; p ¼ 0.002).39

These benefits, however, depend on the level of heparin
therapy used for CPB (see discussion in next section).40

Furthermore, the lack of a definitive cost/benefit analysis
continues to result in debate about their routine application
in CPB for CABG.40,41

Minimized low-prime CPB circuits are not unreason-
able as part of a multimodality blood conservation
program (class IIb recommendation; level B evidence).
Recent clinical trials have documented significant reduc-
tions in bleeding and transfusion after CABG with the
low-prime CPB circuit as compared with conventional
CPB.42,43 Furthermore, there is emerging high-quality
evidence that these beneficial outcome effects are similar
in magnitude to the hemostatic benefit from CABG
without CPB.44

Anticoagulation for CABG with CPB is used to limit
cellular and coagulation factor activation and to prevent
circuit thrombosis. Unfractionated heparin is the anti-
coagulant of choice because it is effective, reversible with
protamine, generally well tolerated, and inexpensive.
The activated clotting time (ACT) is a standard point-of-
care test to monitor heparin effect during CPB. An ACT
time of greater than 400 seconds is the traditional stan-
dard for safe CPB, originally based on a 1978 primate
study with bubble oxygenators.45 There is no single ACT
value that can be considered as the best or the standard,
based on the literature to date. Low-dose heparin therapy
to maintain an ACT of 300 seconds in conjunction with
heparin-coated CPB circuits has been evaluated as a
hemostatic intervention to limit bleeding and transfusion
after CABG. This intervention was considered as not
unreasonable to promote blood conservation, but safety
concerns such as thrombosis have not been well studied
(class IIb recommendation; level B evidence).4 Although
the results from multiple trials are not all in agreement,
the trend of the evidence suggests that this intervention
has net benefit for reduction of bleeding and promotion
of blood conservation after CABG.39

In the setting of prolonged CPB, high-dose heparin ther-
apy decreases thrombin generation, fibrinolytic activity,
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and platelet activation.46,47 High-dose heparin therapy
significantly preserves coagulation during CPB and may
decrease bleeding and transfusion. There is, however, not
complete agreement in the multiple clinical trials that have
evaluated this rationale. An important randomized pro-
spective trial demonstrated that intensive individualized
high-dose heparin therapy monitored with point-of-care
testing (heparin concentration and ACT) significantly
decreased bleeding and hemoststatic blood component
transfusion after CPB.48 Considering all the evidence
together, it is not unreasonable to use high-dose heparin
therapy monitored with point-of-care testing to reduce
hemostatic activation, blood loss, and transfusion in high-
risk patients likely to require prolonged CPB for CABG
(class IIb recommendation; level B evidence).

Heparin reversal with protamine can affect bleeding
and transfusion after CABG with CPB because excess
protamine is itself an anticoagulant. Protamine titration
or empiric low-dose regimens not only lower the total
protamine dose but also have been shown in clinical trials
to reduce bleeding and transfusion, but not consis-
tently.49,50 The eight published trials that address this
question are evenly divided: four show hemostatic
benefit, and four do not. Although protamine titration or
empiric low-dose protamine therapy is not unreasonable
(class IIb recommendation; level B evidence), more consis-
tent evidence of benefit is required before a higher class
recommendation can be assigned.

8. Limiting Bleeding and Transfusion with
Modified Blood Management

Conservation of the patient’s red cell volume with a
multimodal approach is the first principle of modified
blood management for limitation of bleeding and trans-
fusion after CABG. Routine red-cell saving limits
blood transfusion in CABG with cardiopulmonary bypass
(class I recommendation; level A evidence).4 Because of
safety concerns, this is not indicated in patients with infec-
tion (concern is septicemia) or malignancy (concern is
metastasis). Intraoperative autotransfusion directly from
cardiotomy suction or recycled from a cell-saving device
is also not unreasonable to augment blood conservation
(class IIb recommendation; level C evidence). Extensive
cell-saving, however, leads to loss of coagulation factors
and platelets, which may result in a bleeding diathesis.51

This deleterious effect of extensive cell-saving can be offset
after CPB by direct transfusion of pump blood, which
is considered a not unreasonable means of blood conser-
vation (class IIb recommendation; level C evidence). The
heparin given with the anticoagulated pump blood must
be reversed with adequate protamine.

Acute normovolemic hemodilution is not unreasonable
for blood conservation in cardiac surgery (class IIb recom-
mendation; level B evidence). The typical practice
involves the removal of 1 to 2 units of autologous blood
immediately before initiation of CPB. To maintain cir-
culating blood volume, the volume of removed blood is
replaced 1:1 with crystalloid or colloid. An advantage of
this technique is that platelet function is preserved
because autologous blood CPB is avoided. During CPB,
transfusion is determined by the measured hematocrit.
Relative contraindications to this technique include car-
diogenic shock, preoperative anemia, and a low ejection
fraction (less than 30%).52

Retrograde autologous priming is an intervention for
blood conservation that, like acute normovolemic hemo-
dilution, is instituted just before initiation of CPB. Typi-
cally, the arterial limb of the CPB circuit is cleared
retrograde by back bleeding from the aortic cannula and
the venous limb is cleared anterograde using the blood
pump. Clinical trials have yielded conflicting results.53,54

Despite this limitation, retrograde autologous priming is
not unreasonable for blood conservation after CABG,
especially when combined with a multimodal periopera-
tive protocol (class IIb recommendation; level B evidence).

Routine intraoperative platelet pheresis before CPB is
not recommended for blood conservation (class III recom-
mendation; level A evidence).55,56 Although there is the
theoretic benefit of platelet preservation and protection
through avoidance of CPB, meta-analysis of clinical trials
failed to show meaningful perioperative reductions in
bleeding and transfusion.55,56 Plasmaphereis has also
had a similar fate when clinically evaluated (class III
recommendation; level A evidence).4

Because leukocyte activation during CPB is responsible
for many harmful effects of CPB, leukocyte filtration dur-
ing CPB may theoretically improve bleeding and transfu-
sion after CABG. Clinical trials of this intervention have
failed to show consistent hemostatic benefit after CABG.57

Furthermore, there is evidence that leukocyte depletion
during CPB may activate white cells.58 Because of the lack
of clinical benefit and possible harm, leukofiltration dur-
ing CPB cannot be recommended for blood conservation
in CABG (class III recommendation; level B evidence).

Ultrafiltration during CPB is able to remove the crys-
talloid priming volume of the CPB circuit, resulting in
hemoconcentration and potential perioperative blood con-
servation. Clinical trials in cardiac surgery to date have
not shown consistent hemostatic benefit of this inter-
vention.59,60 Consequently, routine ultrafiltration in not
recommended for blood conservation in adult CABG
(class III recommendation; level B evidence).

Although postoperative transfusion of shed mediastinal
blood may limit blood transfusion, multiple clinical trials
have failed to demonstrate consistent benefit. Furthermore,
there is potential for harm, including sternal and systemic
infection.61,62 Given the lack of consistent clinical benefit
and evidence of harm, direct infusion of shed mediastinal
blood from postoperative chest tube drainage is not indi-
cated for perioperative blood conservation after CABG
(class III recommendation; level B evidence).

The second principle of modified blood management for
limitation of bleeding and transfusion after CABG is a peri-
operative transfusion protocol to standardize institutional
transfusion practice as far as possible. The following
recommendations all relate to this principle: currently, they
are all based on expert opinion and consensus.4

It is reasonable to transfuse hemostatic blood products
based on clinical evidence of bleeding, preferably guided
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by point-of-care testing (class IIa recommendation; level C
evidence). In cardiopulmonary bypass, it is not unreason-
able to maintain the hemoglobin �7 g/dL in patients with
risk for critical end-organ injury (class IIb recommenda-
tion; level C evidence). Transfusion is not recommended
for a hemoglobin concentration above 10 g/dL (class III
recommendation; level C evidence). In patients with criti-
cal noncardiac end-organ ischemia, it is not unreasonable
to maintain the hemoglobin concentration �10 g/dL (class
IIb recommendation; level C evidence).
AREAS OF UNCERTAINTY

The current controversy regarding the safety and efficacy
of aprotinin awaits resolution with the publication of the
prospective randomized data from the BART trial. The
accumulating evidence to date supports the withdrawal
of aprotinin from the world market until its safety is
clarified. A second area of uncertainty is whether preoper-
ative augmentation of red blood cell mass will improve
outcome after CABG, given the recent high-quality evi-
dence that preoperative anemia independently predicts for
death, stroke, and renal failure after CABG.17,18 This
hypothesis should be tested with adequately powered
randomized controlled clinical trials.
GUIDELINES AND AUTHOR’S
RECOMMENDATIONS

The recent STS/SCA guideline on perioperative blood
transfusion and blood conservation in cardiac surgery is
comprehensive and current with respect to evidence-
based reduction of bleeding and transfusion after CABG.4

As per this guideline, this author endorses a multimodal-
ity approach to minimizing bleeding and transfusion after
CABG (class I recommendation; level A evidence). This
multimodality approach should involve all perioperative
stakeholders in the operating room and the intensive
care unit and should have full institutional support. All
the aforementioned evidence-based interventions should
be integrated appropriately and focused on the patient at
high risk for bleeding and transfusion after CABG, as
outlined in the introduction. There should be a periopera-
tive transfusion protocol supplemented with point-of-
care testing where indicated. Total quality management,
including continuous assessment of existing and
emerging blood conservation techniques, is strongly
recommended for implementation of this complete blood
conservation program (class IIa recommendation; level B
evidence).
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Should Thoracic Epidural/Spinal
Analgesia Be Used for CABG?

Mark A. Chaney, MD
INTRODUCTION

Adequate postoperative analgesia prevents unnecessary
patient discomfort, may decrease morbidity, may
decrease postoperative hospital length of stay, and may
thus decrease cost. Achieving optimal pain relief after
cardiac surgery may be difficult. Pain may be associated
with many interventions, including sternotomy, thora-
cotomy, leg vein harvesting, pericardiotomy, or chest
tube insertion, among others. Inadequate analgesia dur-
ing the postoperative period may increase morbidity by
causing adverse hemodynamic, metabolic, immunologic,
and hemostatic alterations. Thus, aggressive control of
postoperative pain may improve outcome in high-risk
patients after noncardiac surgery,1,2 as well as in cardiac
surgery.3,4 Postoperative analgesia may be attained via a
wide variety of techniques (local anesthetic infiltration,
nerve blocks, opioids, nonsteroidal antiinflammatory
drugs, alpha-adrenergic drugs, etc.). Traditionally, anal-
gesia after cardiac surgery has been obtained with intra-
venous opioids. However, intravenous opioid use is
associated with definite detrimental side effects, and lon-
ger-acting opioids may delay tracheal extubation during
the immediate postoperative period. In the current era
of early extubation (fast-tracking) and minimally inva-
sive surgical techniques (including off-pump surgery),
cardiac anesthesiologists are exploring unique analgesic
options other than traditional intravenous opioids for
control of postoperative pain in patients following car-
diac surgery. During the last decade, intrathecal and epi-
dural techniques have been used more often in response
to this changing surgical climate.5 Intrathecal and epidu-
ral techniques clearly produce reliable analgesia in
patients undergoing cardiac surgery. Additional poten-
tial benefits include stress response attenuation and tho-
racic cardiac sympathectomy. The quality of analgesia
obtained with thoracic epidural techniques is sufficient
to allow cardiac surgery to be performed in awake
patients without general endotracheal anesthesia. How-
ever, applying regional anesthetic techniques to patients
undergoing cardiac surgery is not without risk. Side
effects of local anesthetics (hypotension) and opioids
(pruritus, nausea/vomiting, urinary retention, respira-
tory depression), when used in this manner, may compli-
cate perioperative management. Increased risk of
hematoma formation in this scenario has generated much
lively debate regarding the acceptable risk/benefit ratio
of applying regional anesthetic techniques to patients
undergoing cardiac surgery.
OPTIONS/THERAPIES

Inadequate analgesia (linked to an uninhibited stress
response) during the postoperative period may lead
to many adverse hemodynamic (tachycardia, hyperten-
sion, vasoconstriction), metabolic (increased catabolism),
immunologic (impaired immune response), and hemo-
static (platelet activation) alterations. In patients under-
going cardiac surgery, perioperative myocardial ischemia
is most often observed during the immediate postopera-
tive period and seems to be related to outcome. Intra-
operatively, initiation of cardiopulmonary bypass causes
substantial increases in stress response hormones (norepi-
nephrine, epinephrine, etc.) that persist into the immedi-
ate postoperative period and may contribute (along with
inadequate analgesia) to myocardial ischemia during this
time. Furthermore, postoperative myocardial ischemia
may be aggravated by cardiac sympathetic nerve activa-
tion, which disrupts the balance between coronary blood
flow and myocardial oxygen demand. Thus, during the
pivotal immediate postoperative period after cardiac sur-
gery, adequate analgesia (coupled with stress response
attenuation) may potentially decrease morbidity and
enhance health-related quality of life.

It is clear that intrathecal and epidural techniques
produce reliable postoperative analgesia in patients after
cardiac surgery. Although numerous techniques have
been successfully described (intrathecal opioids, intrathecal
local anesthetics, epidural opioids, epidural local anes-
thetics, various combinations),5 the most popular technique
has become the use of epidural opioids/local anesthetics
(perhaps because of flexibility in analgesic drug adminis-
tration options). Additional potential advantages of using
intrathecal and epidural techniques in this scenario
include stress response attenuation and thoracic cardiac
sympathectomy.

Intrathecal or epidural techniques may inhibit the
stress response associated with surgical procedures.6

Local anesthetics are more effective than opioids in stress
response attenuation, perhaps because of their unique
mechanism of action. Although still a matter of debate,
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perioperative stress response attenuation with epidural
local anesthetics or opioids in high-risk patients after
major noncardiac surgery may potentially improve out-
come. In patients undergoing cardiac surgery, initiation
of cardiopulmonary bypass causes significant increases
in stress response hormones that persist into the immedi-
ate postoperative period. Attenuation of this component
of the stress response with postoperative continuous intra-
venous infusion of opioids may also decrease morbidity
and mortality rates in these patients. Intrathecal and epi-
dural techniques (particularly with local anesthetics) are
attractive alternatives to intravenous opioids in cardiac
surgery patients for their potential to attenuate the periop-
erative stress response, yet still allow tracheal extubation
to occur in the immediate postoperative period.

The myocardium and coronary vasculature are densely
innervated by thoracic sympathetic nerve fibers that arise
from T1 to T5 and profoundly influence total coronary
blood flow and distribution. Cardiac sympathetic nerve
activation initiates coronary artery vasoconstriction and
paradoxic coronary vasoconstriction in response to intrin-
sic vasodilators. In patients with coronary artery disease,
cardiac sympathetic nerve activation disrupts the normal
matching of coronary blood flow and myocardial oxygen
demand. Furthermore, myocardial ischemia initiates a
cardio-cardiac reflex mediated by sympathetic nerve
fibers, which augments the ischemic process. Cardiac
sympathetic nerve activation likely plays a central role in
initiating postoperative myocardial ischemia by decreas-
ing myocardial oxygen supply via the mechanisms listed
previously.6 Thoracic epidural anesthesia with local
anesthetics effectively blocks cardiac sympathetic nerve
afferent and efferent fibers. Opioids, administered simi-
larly, are unable to effectively block such cardiac sympa-
thetic nerve activity. Patients with symptomatic coronary
artery disease may benefit clinically from cardiac sympa-
thectomy, and application of thoracic sympathetic block-
ade in the management of angina pectoris was described
as early as 1965.7 Thoracic epidural anesthesia with
local anesthetics increases the diameter of stenotic epi-
cardial coronary artery segments without causing dilation
of coronary arterioles, decreases determinants of myocar-
dial oxygen demand, improves left ventricular function,
and decreases anginal symptoms. Furthermore, cardiac
sympathectomy increases the endocardial-to-epicardial
blood flow ratio, beneficially affects collateral blood flow
during myocardial ischemia, decreases poststenotic coro-
nary vasoconstriction, and attenuates the myocardial
ischemia-induced cardio-cardiac reflex. In an animal
model, thoracic epidural anesthesia with local anesthetics
actually decreased myocardial infarct size after coronary
artery occlusion. Thus, thoracic epidural techniques with
local anesthetics may benefit patients undergoing car-
diac surgery by effectively blocking cardiac sympathetic
nerve activity and improving the myocardial oxygen
supply-demand balance.

In summary, use of intrathecal/epidural techniques in
patients undergoing cardiac surgery offers three potential
clinical benefits: enhanced postoperative analgesia, stress
response attenuation, and thoracic cardiac sympathec-
tomy. The many clinical investigations involving intrathe-
cal techniques indicate that administration of intrathecal
morphine produces reliable postoperative analgesia after
cardiac surgery. Intrathecal techniques cannot reliably
attenuate the perioperative stress response associated with
cardiac surgery that persists during the immediate postop-
erative period. Although large amounts of intrathecal local
anesthetics may induce thoracic cardiac sympathectomy,
the hemodynamic changes (hypotension, bradycardia)
associated with a “total spinal” make the technique unac-
ceptable in patients with cardiac disease. The many clinical
investigations involving epidural techniques indicate that
administration of thoracic epidural opioids or local anes-
thetics produces reliable postoperative analgesia after car-
diac surgery. Furthermore, administration of thoracic
epidural local anesthetics can both reliably attenuate the
perioperative stress response associated with cardiac sur-
gery and induce thoracic cardiac sympathectomy. Thus,
the technique chosen (intrathecal, epidural, opioids, local
anesthetics) depends on specific clinical goals. If enhanced
postoperative analgesia is the goal, this can be achieved via
a wide variety of options: intrathecal morphine or epidural
opioids and/or local anesthetics. The only way to reliably
achieve stress response attenuation or thoracic cardiac
sympathectomy is via epidural administration of local
anesthetics.

EVIDENCE

Intrathecal Techniques

Most investigators have used intrathecal morphine (admi-
nistered before induction of general anesthesia) in hopes of
providing prolonged postoperative analgesia. Some inves-
tigators have used intrathecal fentanyl, sufentanil, or local
anesthetics for intraoperative anesthesia (with stress
response attenuation) or thoracic cardiac sympathectomy.

Two early randomized, blinded, placebo-controlled
clinical studies reveal the ability of intrathecal morphine
to induce significant postoperative analgesia after cardiac
surgery.8,9 Vanstrum and colleagues8 prospectively ran-
domized 30 patients to receive either intrathecal morphine
(0.5 mg) or intrathecal placebo before induction of anesthe-
sia. Patients who received intrathecal morphine required
significantly less intravenous morphine than placebo con-
trols during the initial 30 hours after intrathecal injection.
Associated with this enhanced analgesia was a substan-
tially decreased need for antihypertensive medications
during the immediate postoperative period. However,
time to tracheal extubation and postoperative arterial
blood gas tensions were not significantly affected. Chaney
and colleagues9 prospectively randomized 60 patients to
receive either intrathecal morphine (4.0 mg) or intrathecal
placebo before induction of anesthesia. Tracheal extuba-
tion time was similar in all patients. Patients who received
intrathecal morphine required significantly less intrave-
nous morphine than placebo controls during the initial
postoperative period. However, despite enhanced analge-
sia, there were no clinical differences between groups
regarding postoperative morbidity rate, mortality rate, or
duration of postoperative hospital stay.

The mid-1990s saw the emergence of fast-track cardiac
surgery, with the goal being tracheal extubation in
the immediate postoperative period. Chaney and
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colleagues10,11 were the first to study the potential clinical
benefits of intrathecal morphine when used in patients
undergoing cardiac surgery and early tracheal extubation.
In these two randomized, blinded, placebo-controlled
clinical studies, the use of intrathecal morphine (10 mcg/
kg) before induction of anesthesia was associated with
significantly prolonged tracheal extubation times. Further-
more, patients receiving intrathecal morphine had similar
intravenous morphine requirements during the immedi-
ate postoperative period when compared with placebo
controls. There were no clinical differences between
groups regarding postoperative morbidity rate, mortality
rate, or duration of postoperative hospital stay. Since this
time, however, other clinical investigators have revealed
that certain combinations of intraoperative anesthetic
technique (reduced amounts of intravenous anesthetics/
analgesics) coupled with appropriate doses of intrathecal
morphine will allow both tracheal extubation after car-
diac surgery within the immediate postoperative period
and enhanced analgesia.5 However, no additional clinical
benefits (reduced morbidity/mortality rate), beyond
enhanced postoperative analgesia, have been revealed.

Numerous other nonrandomized clinical investigations
(retrospective, observational, etc.) attest to the ability of
intrathecal morphine to produce substantial postoperative
analgesia in patients after cardiac surgery,5 the quality of
which depends not only on the intrathecal dose adminis-
tered, but also on the type and amount of intravenous
drugs used for the intraoperative baseline anesthetic.
However, no additional clinical benefits, beyond analge-
sia, have been reliably obtained. The optimal dose of
intrathecal morphine for achieving the maximum postop-
erative analgesia with minimum undesirable drug effects
is uncertain. Naturally, when larger doses of intrathecal
morphine are used, more intense and prolonged post-
operative analgesia is produced at the expense of more
undesirable drug effects.

Only a few clinical investigations have examined the
ability of intrathecal morphine to potentially attenuate the
intraoperative stress response associated with cardiopul-
monary bypass.5 The results of these few studies indicate
that intrathecal morphine (even in relatively large doses)
is unable to reliably attenuate the perioperative stress
response (assessed via blood levels of certain mediators)
associated with cardiac surgery and cardiopulmonary
bypass.

Most clinical attempts at inducing thoracic cardiac
sympathectomy in patients undergoing cardiac surgery
have used thoracic epidural anesthesia with local anes-
thetics. However, some have attempted cardiac sympa-
thectomy in this setting with an intrathecal injection of a
large amount of local anesthetic. Typically, a large amount
of hyperbaric local anesthetic is delivered intrathecally,
and, in an attempt to produce a “total spinal” (thoracic
cardiac sympathectomy), the Trendelenburg position is
then maintained for a short time. Although stress response
attenuation has been suggested, no real effect on clinical
outcome variables has been observed. Hypotension or
bradycardia (or both) is also commonly observed.

In summary, the many clinical investigations involving
intrathecal techniques indicate that administration
of intrathecal morphine before induction of general
anesthesia produces reliable postoperative analgesia after
cardiac surgery. However, it remains controversial
whether such analgesia truly affects clinical outcome.
Intrathecal techniques cannot reliably attenuate the peri-
operative stress response associated with cardiac surgery
that persists during the immediate postoperative period.
Although large amounts of intrathecal local anesthetics
may induce thoracic cardiac sympathectomy, the hemo-
dynamic changes associated with a “total spinal” makes
the technique unacceptable in patients with cardiac
disease.

Epidural Techniques

Most investigators have used thoracic epidural local anes-
thetics in hopes of providing analgesia, stress response
attenuation, or thoracic cardiac sympathectomy. Some
investigators have used thoracic epidural opioids to pro-
vide intraoperative and postoperative analgesia. Whereas
some clinicians insert the epidural catheter immediately
before induction of general anesthesia, most perform this
maneuver the day before scheduled surgery (in hopes of
decreasing the risk of hematoma formation).

Thoracic epidural techniques with local anesthetics or
opioids produce significant postoperative analgesia in
patients after cardiac surgery. Numerous clinical studies
attest to this fact.5 The quality of analgesia obtained
with thoracic epidural techniques is sufficient to allow
cardiac surgery to be performed in awake patients with-
out general endotracheal anesthesia.12 However, despite
enhanced postoperative analgesia offered via thoracic
epidural techniques, such analgesia does not decrease
the incidence of persistent pain after cardiac surgery.

Many clinical investigations have proven that thoracic
epidural techniques with local anesthetics significantly
attenuate the stress response (assessed via blood levels
of certain mediators) in patients undergoing cardiac sur-
gery. Patients randomized to receive thoracic epidural
local anesthetics during and after cardiac surgery have
exhibited decreased blood levels of epinephrine, norepi-
nephrine, and cortisol (as well as other mediators) when
compared with patients managed similarly without tho-
racic epidural catheters. Other clinical studies suggest
the ability of thoracic epidural techniques with local anes-
thetics to help promote hemodynamic stability (optimize
heart rate, systemic vascular resistance) in patients under-
going cardiac surgery, which suggests stress response
attenuation. However, it remains controversial whether
or not such stress response attenuation truly affects
clinical outcome.

Perioperative cardiac sympathectomy induced via
thoracic epidural techniques with local anesthetics may
clinically benefit patients undergoing cardiac surgery
by increasing myocardial oxygen supply (via coronary
vasodilation). Cardiac sympathectomymay also offer addi-
tional benefits to patients undergoing cardiac surgery. Clin-
ical studies demonstrate that thoracic epidural techniques
with local anesthetics significantly decrease heart rate and
the need to administer beta-adrenergic blockers. Clinical
studies also demonstrate that use of thoracic epidural tech-
niques with local anesthetics significantly decreases sys-
temic vascular resistance. Patients undergoing cardiac
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surgerywho receive thoracic epidural local anestheticsmay
also exhibit decreases in postoperative electrocar-
diographic evidence of myocardial ischemia. However, it
remains controversial whether such cardiac sympathec-
tomy truly affects clinical outcome.

In 2001 a relatively large clinical investigation high-
lighted the potential clinical benefits of thoracic epidural
techniques (along with difficulties determining clinical
relevance of such studies) in cardiac surgical patients.
Scott and colleagues13 prospectively randomized (non-
blinded) 420 patients undergoing cardiac surgery to
receive either thoracic epidural bupivacaine/clonidine
and general anesthesia or general anesthesia alone (con-
trol group). Epidural infusions were continued for 96
hours after surgery (titrated according to need). In control
patients, postoperative analgesia was obtained with intra-
venous opioids. After surgery, striking clinical differences
were observed between the two groups. Postoperative
supraventricular arrhythmia, respiratory tract infection,
renal failure, and acute confusion were all decreased in
thoracic epidural patients when compared with control
patients. However, data from this investigation must be
viewed with caution. Somewhat surprisingly, the clinical
protocol dictated that beta-adrenergic blockers could
not be used during or after surgery for the 5 days of the
study period. Because approximately 90% of this study’s
patients were taking beta-adrenergic blockers before sur-
gery, this unique perioperative management (discontinua-
tion of beta-adrenergic blockers) clouds interpretation of
postoperative supraventricular arrhythmia data. Also,
despite prospective randomization, substantially fewer
patients receiving thoracic epidural catheters were active
smokers before surgery when compared with controls,
which clouds interpretation of postoperative respiratory
tract infection data. These investigators also found that
postoperative preextubation maximal expiratory lung
volumes were increased in thoracic epidural patients
and postoperative tracheal extubation was facilitated in
these patients as well (yet thoracic epidural patients and
control patients were managed somewhat differently dur-
ing the immediate postoperative period). Postoperative
analgesia was not definitively assessed in this clinical
investigation. Although these results are intriguing, defin-
itive conclusions regarding the use of thoracic epidural
techniques in patients undergoing cardiac surgery cannot
be drawn because of the study’s substantial limitations.

Since the publication of the somewhat encouraging
findings of Scott and colleagues13 in 2001, three pros-
pective, randomized, nonblinded investigations reveal
that using thoracic epidural techniques in patients under-
going cardiac surgery may not offer substantial clinical
benefits.14-16 Priestley and colleagues14 prospectively ran-
domized 100 patients undergoing elective cardiac surgery
to receive either thoracic epidural ropivacaine/fentanyl
and general anesthesia or general anesthesia alone (con-
trol group). Thoracic epidural patients were tracheally
extubated sooner than controls, yet this difference may
have been secondary to differing amounts of intraopera-
tive intravenous opioid administration. Postoperative
pain scores were lower in epidural patients only on
postoperative days 0 and 1 (equivalent on days 2 and 3).
There were no differences between the two groups in
postoperative oxygen saturation on room air, chest radio-
graph changes, spirometry, postoperative mobilization
goals, atrial fibrillation, or postoperative hospital discharge.
In short, this investigation revealed that a thoracic epidural
may provide enhanced postoperative analgesia (although
brief) and enhance postoperative tracheal extubation, yet
has no effect on important clinical variables. Royse and col-
leagues15 prospectively randomized 80 patients under-
going cardiac surgery to receive either thoracic epidural
ropivacaine/fentanyl and general anesthesia or general
anesthesia alone (control group). Once again, thoracic epi-
dural patients were tracheally extubated earlier than con-
trols, yet this difference may have been secondary to
differing amounts of intraoperative intravenous opioid
administration. Postoperative pain scores at rest and with
cough were significantly less in thoracic epidural patients
on postoperative days 1 and 2 only (equivalent on post-
operative day 3). Like the Priestley and colleagues14 inves-
tigation, there were no substantial differences between the
two groups regarding important postoperative clinical
variables (respiratory function, renal function, atrial fibrilla-
tion, hospital length of stay). Last, a recently published
(2006) clinical investigation by Hansdottir and colleagues16

provides additional evidence that thoracic epidural techni-
ques offer no real clinical benefits to patients undergoing
cardiac surgery. This relatively large (113 patients) prospec-
tive trial randomized patients undergoing elective cardiac
surgery to receive either patient-controlled thoracic epidu-
ral analgesia (catheter inserted the day before surgery,
using bupivacaine, fentanyl, and adrenalin) or patient-
controlled intravenous morphine analgesia during the
immediate postoperative period. Perioperative care was
standardized (all patients underwent general anesthesia
and received a median sternotomy). When the two groups
were compared, the only difference was a shorter time to
postoperative tracheal extubation in patients receiving tho-
racic epidural analgesia. Absolutely no differences were
observed regarding postoperative analgesia (at rest and
during cough), degree of sedation, lung volumes (forced
vital capacity, forced vital capacity at 1 second, peak expi-
ratory flow), degree of ambulation, global quality of recov-
ery score (including all five domains), cardiac morbidity,
renal morbidity, neurologic outcome, intensive care unit
stay, or hospital length of stay.

A recently published (2004) meta-analysis by Liu and
colleagues17 assessed effects of perioperative central neur-
axial techniques on outcome after coronary artery bypass
surgery. These authors, via MEDLINE and other data-
bases, searched for randomized controlled trials of
patients undergoing coronary artery bypass surgery with
cardiopulmonary bypass. Fifteen trials enrolling 1178
patients were included for thoracic epidural analysis,
and 17 trials enrolling 668 patients were included for
intrathecal analysis. Thoracic epidural techniques did
not affect incidences of mortality or myocardial infarction,
yet seemed to reduce risk of dysrhythmias (atrial fibrilla-
tion and tachycardia), pulmonary complications (pneu-
monia and atelectasis), the time to tracheal extubation,
and analog pain scores. Intrathecal techniques did not
affect incidences of mortality, myocardial infarction, dys-
rhythmias, or time to tracheal extubation and seemed only
to modestly decrease systemic morphine use and pain
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scores (while increasing incidence of puritus). These
authors conclude that central neuraxial techniques do not
affectmortality ormyocardial infarction rates after revascu-
larization, yet may be associated with improvements such
as faster time to tracheal extubation, decreased pulmonary
complications and cardiac dysrhythmias, and reduced pain
scores. However, the authors also note that most potential
clinical benefits offered by these techniques (earlier extuba-
tion, decreased dysrhythmias, enhanced analgesia) may be
achieved in other (safer?) ways, such as using fact-track
protocols, use of beta-adrenergic blockers or amiodarone,
or use of alternative intravenous analgesics.

In summary, the many clinical investigations involving
epidural techniques indicate that administration of tho-
racic epidural opioids or local anesthetics produces reliable
postoperative analgesia after cardiac surgery. Administra-
tion of thoracic epidural local anesthetics can both reliably
attenuate the perioperative stress response associated with
cardiac surgery and induce thoracic cardiac sympathec-
tomy. However, it remains controversial whether such
analgesia, stress response attenuation, and thoracic cardiac
sympathectomy truly affects clinical outcome.
CONTROVERSIES

Clinical problems associated with intrathecal/epidural local
anesthetics (hypotension) and intrathecal/epidural opioids
(pruritus, nausea and vomiting, urinary retention, respiratory
depression) are well known. Furthermore, thoracic epidural
analgesiamaymaskmyocardial ischemia (angina) via analge-
sia or initiate myocardial ischemia via alterations in auto-
nomic nervous system activity. Of the few patients who
have received large amounts of intrathecal local anesthetics
to produce a “total spinal” for cardiac surgery, most have
required intravenous phenylephrine during surgery to
increase arterial blood pressure, indicating that hypotension
is a substantial problemwith this technique.Hypotensionalso
seems to be relatively common when thoracic epidural local
anesthetics are used in this setting. Volume replacement,
beta-adrenergic agonists, and alpha-adrenergic agonists are
required in a fair proportion of patients, and coronary perfu-
sion pressure may decrease in susceptible patients after car-
diopulmonary bypass. The most important undesirable
drug effect of intrathecal and epidural opioids is respiratory
depression, which may delay tracheal extubation.

Thoracic epidural supplementation of general anesthe-
sia in patients undergoing cardiac surgery may also pro-
duce temporary neurologic deficits in the immediate
postoperative period that can complicate management.
Chakravarthy and colleagues18 describe two patients in
whom high thoracic epidural local anesthetic supple-
mentation of general anesthesia for cardiac surgery was
used. In both patients, focal upper-extremity (unilateral)
paresis was observed during the immediate postoperative
period that resolved after epidural catheter repositioning.
The deficits may have been caused by direct nerve irrita-
tion from the epidural catheter or unexpected spread of
the local anesthetic to the brachial plexus. Whatever the
cause, such focal neurologic deficits occurring in patients
immediately after cardiac surgery require extra clinical
effort to determine the origin.
Although most investigators agree that the risk of
hematoma is increased when intrathecal or epidural
instrumentation is performed in a patient before systemic
heparinization required for cardiac surgery, the absolute
degree of increased risk is somewhat controversial. An
extensive mathematical analysis by Ho and colleagues19

in patients subjected to systemic heparinization required
for cardiopulmonary bypass (without a single episode of
hematoma formation) reported in the literature as of the
year 2000 estimated that the maximum risk may be as fre-
quent as 1:2400. Similarly, for epidural instrumentation,
maximum risk may be as frequent as 1:1000. Certain
precautions, however, likely decrease risk. Most clinical
studies use the technique only after demonstration of lab-
oratory evidence of normal coagulation variables, delay
surgery in the event of a traumatic tap, or require that
the time from instrumentation to systemic heparinization
exceeds 60 minutes. Whereas most studies investigating
the use of epidural techniques insert catheters the day
before scheduled surgery, recent investigators have per-
formed instrumentation on the same day as surgery.
These techniques should not be used in a patient with
known coagulopathy from any cause. Additionally, sys-
temic heparin effect and reversal should be tightly con-
trolled (smallest amount of heparin used for the shortest
duration compatible with therapeutic objectives), and
patients should be closely monitored after surgery for
signs and symptoms of hematoma formation.

As the use of thoracic epidural techniques in patients
undergoing cardiac surgery has increased, reports of
hematoma formation have surfaced. In 2004, the first
report of hematoma formation associated with epidural
instrumentation the day before scheduled cardiac surgery
was published.20 The first report of hematoma formation
during the immediate postoperative period following car-
diac surgery (catheter inserted immediately before sur-
gery following induction of general anesthesia) occurred
the same year.21 Most recently, a letter to the editor in
2006 details permanent paraplegia in two patients under-
going cardiac surgery with thoracic epidural supple-
mentation and hints at two additional patients who
experienced hematoma formation associated with catheter
insertion the day before scheduled cardiac surgery.22

Furthermore, this author is aware of at least three addi-
tional cases of catastrophic (permanent paralysis) epidural
hematoma formation in patients who had catheters
inserted for elective cardiac surgery within the past few
years in the United States alone (none published).

Whereas hematoma formation is always a concern,
thromboembolic complications may also occur during
the postoperative period when normalization of coagula-
tion variables (in a patient requiring anticoagulation)
are achieved to safely remove the epidural catheter.
Chaney and Labovsky23 detail such a case, where a
patient had a thoracic epidural catheter inserted before
elective cardiac surgery (intraoperative and immediate
postoperative courses uneventful) and required postoper-
ative anticoagulation for a mechanical aortic valve and
atrial fibrillation. On the seventh postoperative day, coag-
ulation parameters were normalized to safely remove the
epidural catheter. On that same day, following normaliza-
tion of coagulation parameters, the patient experienced a



Chapter 63 Should Thoracic Epidural/Spinal Analgesia Be Used for CABG? 429
left temporal lobe stroke (verified by clinical examination
and computed tomographic scan), which gradually
resolved over the next 4 days.

AREAS OF UNCERTAINTY

Whether intrathecal and epidural techniques truly affect
morbidity (cardiac function, pulmonary function, etc.)
and mortality risks in patients undergoing cardiac surgery
remains to be determined. All clinical reports involving
the use of intrathecal and thoracic epidural techniques
for cardiac surgery involve small numbers of patients,
and few (if any) are well designed.5 Only a handful of
clinical studies involving intrathecal techniques are pro-
spective, randomized, blinded, and placebo-controlled.5

There are no blinded, placebo-controlled clinical studies
involving thoracic epidural techniques in patients under-
going cardiac surgery.5 Furthermore, none of these clinical
studies uses clinical outcome as a primary endpoint (most
focus entirely on postoperative analgesia). When critically
reviewed, this body of literature suggests that these tech-
niques reliably induce enhanced postoperative analgesia,
yet (at the current time) have no clinically important effect
on morbidity and mortality risks.

Cardiac surgery is unique, and because of this, involves
unique risks not routinely associated with noncardiac sur-
gery. Furthermore, as all clinicians know, for a wide vari-
ety of reasons, patients undergoing cardiac surgery
continue to get older and “sicker” (more comorbidities:
neurologic dysfunction, myocardial dysfunction, pulmo-
nary dysfunction, renal dysfunction, etc.). Multiple factors
interact in a complicated manner during the perioperative
period that affect outcome and quality of life after cardiac
surgery (Table 63-1). Although others may disagree, the
factors listed in Table 63-1 are arranged in descending
order of importance as viewed by this author. Obviously,
depending on specific clinical situations, certain factors
will be more important than others. It is extremely diffi-
cult (if not impossible) to determine exactly how impor-
tant attaining adequate or “high-quality” postoperative
analgesia truly is in relation to all these important clinical
factors surrounding a patient undergoing cardiac surgery.
For example, how important is it to obtain “high-quality”
postoperative analgesia in an 80-year-old patient with pre-
operative myocardial dysfunction, renal dysfunction, and
a heavily calcified aorta after double-valve replacement?
It could be argued that factors other than quality of post-
operative analgesia will determine clinical outcome in this
patient. On the other hand, how important is it to obtain
Table 63-1 Factors Affecting Outcome
Following Cardiac Surgery

Type and quality of surgical intervention
Extent of postoperative neurologic dysfunction
Extent of postoperative myocardial dysfunction
Extent of postoperative pulmonary dysfunction
Extent of postoperative renal dysfunction
Extent of postoperative coagulation abnormalities
Extent of systemic inflammatory response
Quality of postoperative analgesia
“high-quality” postoperative analgesia in an otherwise
healthy 50-year-old patient after routine coronary artery
bypass grafting? It is likely that this patient’s clinical out-
come will be satisfactory even if postoperative analgesia is
suboptimal.

In summary, the use of spinal/epidural techniques in
patients undergoing cardiac surgery remains extremely con-
troversial.24-29 When one thoughtfully and critically evalu-
ates the published literature, it becomes clear that the only
substantiated clinical benefit obtained is postoperative anal-
gesia. However, such “enhanced postoperative analgesia”
(attainedvia anymethod) has neverbeen linked to improved
patient outcome. On the other hand, there are clear disad-
vantages associated with these techniques, including labor
intensivity, intrathecal/epidural local anesthetic problems,
intrathecal/epidural opioid problems, potential complica-
tions of postoperative assessment, hematoma risk, thrombo-
embolic risk, high failure rate (epidural techniques), and no
proven clinically beneficial effects.
GUIDELINES

No formal practice guidelines have been published
regarding the use of intrathecal or epidural techniques in
patients undergoing cardiac surgery. The only substan-
tiated clinical benefit obtained is enhanced postoperative
analgesia (although this has never been linked to
improved patient outcome). On the other hand, there are
clear disadvantages and risks associated with these tech-
niques in this patient population. It is up to the anesthesi-
ologist to thoughtfully decide whether or not such benefit
(analgesia) is worth the disadvantages and risks in each
specific patient undergoing cardiac surgery.
AUTHOR’S RECOMMENDATIONS

The use of spinal/epidural techniques in patients undergoing car-
diac surgery remains extremely controversial. It is this author’s
opinion that, at the current time, the disadvantages and risks asso-
ciated with the use of intrathecal/epidural techniques in patients
undergoing cardiac surgery far outweigh the lone substantiated
clinical benefit (enhanced analgesia). Postoperative analgesia in
these patients can be obtained via simpler and safer methods.
Thus, it is this author’s opinion that intrathecal/epidural techni-
ques should not be used in patients undergoing cardiac surgery.
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64
 Is There a Best Technique in the
Patient with Increased
Intracranial Pressure?
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The contents of the cranium can be divided into three
compartments. The brain or tissue compartment accounts
for greater than 85% of the total intracranial volume, cere-
brospinal fluid (CSF) contributes approximately 10%, and
the blood in the vasculature contributes approximately 2%
to 5%. The majority of the cerebral blood volume (CBV)
resides in the low-pressure venous system, whereas only
15% of the CBV is found in the arteries and 15% in the
venous sinuses.

Intracranial pressure (ICP) is closely regulated, even in
the presence of a space-occupying lesion, as long as com-
pensatory mechanisms are operational and the pathologic
process evolves slowly. Any increase in intracranial vol-
ume must be compensated by volume reduction of one
of the other compartments to maintain normal ICP. The
CSF system has the greatest buffering capacity through
displacement of CSF from the cranium to the spinal sub-
arachnoid space. Cerebral blood volume reduction occurs
first by compression of the low-pressure venous system,
followed by capillary collapse, and then arterial compres-
sion leading to cerebral ischemia. The impact of ICP on
outcome lies in its role in determining cerebral perfusion
pressure (CPP) (CPP ¼ mean arterial pressure [MAP] �
ICP). There is evidence, at least in head trauma, that a
CPP less than 50 mm Hg is associated with poor out-
come.1 However, an improved outcome does not neces-
sarily result from a higher CPP. For the calculation of
CPP, the arterial pressure transducer should be at the
level of the ear.

Increased ICP may be caused by changes in the volume
of any one or a combination of the intracranial compart-
ments, including hematomas caused by vascular rupture,
increases in brain and interstitial volumes caused by
tumors, and vasogenic and cytotoxic edema secondary to
hypoxia and infection. Increased ICP can also result from
obstruction of CSF pathways and alteration of CSF pro-
duction or reabsorption.

OPTIONS

Management strategies include decisions about choice of
(1) anesthetic drugs, (2) ventilation, (3) hyperosmolar ther-
apy, (4) head and body position, and (5) decompressive
craniectomy (Table 64-1). The effects are influenced by
whether the ICP increase was acute or has developed
slowly, which usually allows some compensation to take
place.
EVIDENCE

What Are the Targets for ICP and CPP?

The intracranial pressure should be kept below 20 mm
Hg, because higher values are associated with poorer neu-
rologic outcome.1 A CPP greater than 70 mm Hg should
be avoided if it requires massive fluid infusion and high-
dose catecholamines because hypervolemia and catechol-
amine therapy increase the incidence of acute respiratory
distress syndome.2 A spontaneous increase of CPP above
70 mm Hg can be accepted as long as cerebrovascular
autoregulation is intact or the neurologic state seems to
benefit clinically. When autoregulation is intact, an
increase in CPP is associated with autoregulatory vaso-
constriction and, thereby, a reduction of CBV and ICP.
The critical lower threshold for CPP lies between 50 and
60 mm Hg. Therefore a CPP below 50 mm Hg should be
avoided.1

What Are the Effects of Anesthetics on ICP?

The choice of anesthetic agents and adjunctive drugs is
based on consideration of their effects on cerebral blood
flow (CBF), CBV, cerebral metabolic rate of oxygen
(CMRO2), ICP, cerebrovascular autoregulation, and car-
bon dioxide (CO2) reactivity. Most randomized trials have
focused on these surrogate endpoints rather than on clini-
cal or neurologic patient outcomes.

Volatile anesthetics depress cerebral metabolism in a
dose-dependent fashion while directly inducing cerebral
vasodilation, which results in increases in CBV and ICP.
Sevoflurane causes less cerebral vasodilation compared
with isoflurane or desflurane.3 Cerebrovascular autoregu-
lation and CO2 response remain intact with sevoflurane
up to 1 minimum alveolar concentration (MAC), and
therefore it is suitable for neurosurgical patients as long
as ICP is not markedly or acutely increased.
433



Table 64-1 Management of Acutely Increased
Intracranial Pressure (ICP)

STANDARDS

No prophylactic hyperventilation

GUIDELINES

Monitoring of ICP
Barbiturate infusion for intractable increased ICP
Use of mannitol

OPTIONS

Cerebral perfusion pressure 50-70 mm Hg
Brief hyperventilation for acute neurologic deterioration
Propofol infusion
Positioning patient head up
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Nitrous oxide is a potent cerebral vasodilator with
resultant increase in ICP. Although there are no outcome
studies to demonstrate a deleterious effect, nitrous oxide
should not be used in patients with acutely elevated ICP.

Total intravenous anesthesia has received attention in
neuroanesthesia as a means of avoiding the vasodilating
effects of nitrous oxide and volatile anesthetics. Intravenous
agents such as propofol and etomidate produce cerebral
vasoconstriction and a reduction in CBF, CBV, and ICP sec-
ondary to a decrease inCMRO2while preserving autoregula-
tion.4 Propofol should be used intraoperatively in patients
with markedly or acutely increased ICP. In the intensive care
unit propofol can be used for up to 7 days with a maximal
dosage of 4 mg/kg/hr. Propofol administered for longer or
at higher concentrationsmight induce the “propofol infusion
syndrome,” which includes hyperkalemia, lipemia, meta-
bolic acidosis, myocardial failure, rhabdomyolysis, and renal
failure potentially resulting in death.5

Barbiturates similarly exert their ICP-lowering effects
through vasoconstriction, with a reduction of CBF and
CBV secondary to suppression of cerebral metabolism. Bar-
biturates can produce ICP control and improved CPP in
patients with severe head trauma when other treatments
have failed, but there is no evidence that prophylactic bar-
biturate therapy improves outcome.6,7 Furthermore, high
doses of barbiturates decrease immune function and can
cause hypokalemia. The slow plasma clearance of barbitu-
rates is another disadvantage because it causes a substan-
tial delay in awakening. Barbiturate coma should be
titrated to achieve an electroencephalogram (EEG) burst
suppression ratio of 5% to 10% or ICP control.

Propofol and barbiturates reduce MAP, and intrave-
nous (IV) fluids and vasopressors may be necessary. Eto-
midate causes less cardiovascular depression and may
be the drug of choice in cardiovascular disease or hypovo-
lemia, but its use should be confined to induction because
it suppresses the adrenocortical response to stress.

There has been controversy about the effect of opioids on
ICP. In one study transient increases in ICPwithout changes
in middle cerebral artery blood flow velocity occurred con-
comitant with decreases in MAP, while in patients with sta-
ble blood pressure ICP was unchanged.8 This suggests that
increases in ICP seen with sufentanil and other opioids
may be due to autoregulatory vasodilation secondary to sys-
temic hypotension. This is consistent with a more recent
study of remifentanil in patients with head trauma.9

Nondepolarizing neuromuscular relaxants have no effect
onCBF, CMRO2, and ICP,whereas succinylcholinemay tran-
siently increase ICP. The increase in ICP occurred during per-
iods of elevated CBF, which coincided with EEG evidence of
cerebral arousal in dogs.10 These effects were primarily
related to succinylcholine-induced increases in muscle affer-
ent activity and not the presence or absence of fascicula-
tions.10,11 The increases in ICP were much reduced in
animals with brain injury. When rapid-sequence intubation
is required, succinylcholine remains the drug of choice. How-
ever, rocuronium in high doses may be a suitable alternative.

What Is the Effect of Hyperventilation on ICP?

Arterial carbon dioxide tension is a potent modulator of
cerebrovascular tone and CBF. Arterial hypercapnia
dilates cerebral blood vessels, decreases cerebrovascular
resistance, and increases CBF, CBV, and ICP, whereas
hypocapnia has the opposite effect. Hyperventilation is
often used in patients with increased ICP to reduce CBV.
Because hyperventilation reduces ICP through vasocon-
striction, this could critically affect the oxygen and glucose
delivery to vulnerable brain areas.

Moderate hyperventilation lowers global hemispheric
CBF, but does not alter CMRO2. This mismatch between
low CBF and normal or elevated CMRO2 caused by hyper-
ventilation after severe traumatic brain injury may lead to
cerebral ischemia, which might further compromise neuro-
nal outcome.12

There remains much controversy about the beneficial or
detrimental effects of hyperventilation. Although hyperven-
tilation may produce a rapid reduction in ICP and high ICP
is one of themost commonprecursors of death or neurologic
disability, there is little evidence to suggest that hyperventi-
lation improves clinically relevant outcomes. In fact, a
much-quoted study found a detrimental effect. Patientswith
severe traumatic brain injury were randomized to a hyper-
ventilated group (PaCO2 of 25� 2 mmHg) or a normoventi-
lated group (PaCO2 of 35 � 2 mmHg) for 5 days.13 Patients
in the hyperventilation group had a significantly worse out-
come at 3 months than did those in the normocapnic group.

In elective supratentorial craniotomy, aggressive hyper-
ventilation (PaCO2 25� 2 mmHg) has been found in a mul-
ticenter randomized trial to reduce ICP and improve
operating conditions as assessed by surgeons blinded to
treatment group.14 This effect was independent of the use
of propofol total intravenous anesthesia or less than 0.8
MAC isoflurane. The hyperventilation was not maintained
for the duration of the surgery, and the studydidnot attempt
to determine whether the hyperventilation altered neuro-
logic outcomes. Therefore short periods of hyperventilation
to manage acute increase in ICP can be recommended.

What Is the Effect of Mechanical Ventilation
on ICP?

The effect of positive end-expiratory pressure (PEEP) on
ICP has been reported by many investigators without a
clear consensus. Mechanical ventilation and PEEP can
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increase intrathoracic pressure, may increase ICP by
impeding venous drainage, or could reduce CPP by
reducing blood pressure. Studies suggest that if CPP is
maintained, PEEP (up to 15 cm H2O) seems to have no
significant adverse effect.15 If an adverse effect of PEEP
on ICP occurs, it can often be overcome by placing the
patient in the head-up position.

Volume recruitment maneuvers with high-peak intra-
thoracic pressure reduce MAP, increase ICP, and decrease
CPP. This technique affects cerebral hemodynamics and
can only be recommended when severe lung injury is
leading to hypoxia, which in turn can increase neuronal
injury. Recruitment maneuvers should be performed care-
fully and under continuous control of ICP and CPP.

What Is the Effect of Hyperosmolar Therapy
on ICP?

The administration of mannitol (0.25 to 1.0 g/kg) has
become a cornerstone of ICP management. Because of side
effects (e.g., tubular necrosis of the kidney) a dose of
4 g/kg/day should not be exceeded and the serum osmo-
larity has to be kept below 320 mOsm/L. Although there
are many data regarding its mechanism of action, few
studies exist that validate mannitol usage.16

Mannitol has an immediate plasma-expanding effect
that reduces blood viscosity and thereby increases CBF,
which in turn induces autoregulatory vasoconstriction.
This rheologic effect might explain the early decrease of
ICP. Osmotic agents withdraw more water from the brain
tissue than from other organs because the blood-brain bar-
rier (BBB) impedes penetration of the osmotic agent into
the brain, thus maintaining an osmotic diffusion gradient.
Osmotic diuretics may also reduce ICP by retarding CSF
formation. Under normal circumstances, hypertonic agents
slowly penetrate the BBB. When the BBB is disrupted, they
may enter and raise brain osmolality, pulling water back
into the brain. Interstitial accumulation of mannitol is most
marked with continuous infusions, and therefore it is
recommended that mannitol be administrated as repeated
boluses rather than as a continuous infusion.17

Mannitol administration has become common practice
in the management of head-injured patients with ele-
vated ICP, but it has never been subjected to a controlled
clinical trial against placebo. There are only three rando-
mized controlled trials evaluating mannitol use in head
injury.16 One study in brain trauma patients compared
mannitol with barbiturates for ICP control. Mannitol
was superior to barbiturates at improving CPP, ICP,
and outcome. A further study compared a bolus dose
of mannitol given before hospital admission with the
administration of a similar volume of saline. There was
a slight reduction in mortality rate with mannitol. In
22 patients who received ventriculostomy drainage,
mannitol or hyperventilation was used to control high
ICP. Mannitol was found to be more effective than
hyperventilation in reducing ICP.

Hypertonic saline also reduces the cerebral water con-
tent, and its effect on ICP seems to be equal or superior
to mannitol.18,19 Although the use of hypertonic saline is
not yet included in management guidelines, it can be used
in cases where mannitol is not effective.20
The evidence supporting mannitol is sufficiently strong
to warrant guideline status. A bolus of mannitol is also
recommended in patients with transtentorial herniation
or progressive neurologic deterioration not attributable
to extracranial causes.1

What Is the Effect of Patient’s Position on ICP?

Flexion or torsion of the neck can obstruct cerebral venous
outflow and increase brain bulk and ICP. A simple change
in head position can immediately decrease ICP. Between
30� and 40� head-up or reverse Trendelenburg position
is also effective in reducing ICP as long as MAP is
maintained.21

What Is the Effect of Decompressive
Craniectomy on ICP?

Decompressive craniectomy and opening of the dura mater
may be a useful option when maximal medical treatment
has failed to control ICP.22 In children, decompressive cra-
niectomy is recommended as a therapy to control ICP.22

The prognosis after decompression depends on the clinical
signs and symptoms at the time of admission, the patient’s
age, and the existence of major extracranial injuries.23,24

One criticism of decompressive craniectomy is that more
patients survive in a vegetative state. To avoid this, decom-
pressive craniectomy should be restricted to patients youn-
ger than 50 years without multiple trauma and patients
younger than 30 years in the presence of major extracranial
injuries; it should never be used in patients with a primary
brainstem lesion. Two major studies are currently ongoing
to characterize the efficacy and the ideal time for the inter-
vention (DECRAN and RescueICP).
AUTHORS’ RECOMMENDATIONS

l In the patient with acutely elevated ICP, propofol provides the
greatest margin of safety and ability to reduce ICP. Care
must be taken not to compromise CPP through hypotension.
High-dose barbiturate therapy may be considered in
hemodynamically stable severe head injury patients with
intracranial hypertension refractory to other ICP-lowering
therapies.

l Mannitol is effective for the control of raised ICP after severe
head injury. Limited data suggest that intermittent boluses are
more effective than continuous infusion. The effective dose
range is 0.25 to 1.0 g/kg. Serum osmolarity should be kept
below 320 mOsm/L, and hypovolemia should be avoided.

l The use of prophylactic chronic hyperventilation (PaCO2 less
than 30 mm Hg) during the first 24 hours after severe traumatic
brain injury should be avoided because it can compromise CBF.
Hyperventilation may be used for short periods in acute
neurologic deterioration or elective supratentorial craniotomy.
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INTRODUCTION

Despite recent advances in anesthesia techniques and moni-
toring measures, intraoperative and postoperative neuro-
logic events remain the most devastating complications
and continue to concern anesthesia providers. Even without
any significant intraoperative events, there is a considerable
risk for cerebral ischemia in specific surgical populations,
such as cardiac surgeries and vascular surgeries.

The neurologic sequelae range from frank stroke to
cognitive dysfunction. The incidence of perioperative
stroke is reported from 1.6% to 5.2% in coronary artery
bypass grafting (CABG) and from 0.25% to 7% in carotid
endarterectomy (CEA),1 whereas the incidence of cogni-
tive dysfunction ranges from 24% to 57% at 6 months after
cardiac surgery.2

There is a substantial amount of interest in research to
identify neuroprotective strategies; however, most of the
clinical trials have resulted in disappointment, and there
are no formal guidelines based on the strongest clinical
evidence. This is thought to be because of the complexity
of the mechanism in cerebral ischemia.

Most anesthesia providers strongly agree that maintain-
ing adequate cerebral oxygenation and perfusion pressure
is the most effective and important strategy in neuroprotec-
tion. There is also historical clinical evidence that advocates
avoiding deleterious factors in the event of ongoing cere-
bral ischemia or in higher–risk populations.
OPTIONS

Neuroprotective strategies are classified into two concepts:
passive, which refers to the avoidance of deleterious fac-
tors, and active, which refers to the application of beneficial
interventions. Hans and Bonhomme3 proposed categorizing
the neuroprotecting measure into physiology, anesthetics,
nonanesthetic pharmacologic agents, and preconditioning.
Along with these strategies, the authors will discuss the role
of monitoring in specific surgical populations.

1. Physiology: Avoidance of hyperthermia, hyperglycemia,
cerebral hypoxia, and hypoperfusion.

2. Anesthetics: Use of certain anesthetics that are poten-
tially neuroprotective because of reduction of energy
requirement.

3. Pharmacology: Use of potentially neuroprotective agents,
which can block the pathways of neuronal cell death.
This may include N-methyl-D-aspartate (NMDA) recep-
tor antagonists, excitatory amino acid (EAA) receptor
antagonists, and erythropoietin.

4. Preconditioning: The use of physiologic or pharmaco-
logic alterations that could mimic preconditioning for
high-risk populations.

5. Monitoring: Use of epiaortic echocardiography scan-
ning to manage severe atherosclerotic disease and
near-infrared reflectance spectroscopy (NIRS) for
assessment of bifrontal regional cortical oxygen satura-
tion (rSO2) in cardiac surgery.
EVIDENCE (TABLE 65-1)

Physiology

Toensure adequate cerebral oxygenation and cerebral perfu-
sion,measures that reduce cerebralmetabolic rate (CMR) are
known to be beneficial. Hypothermia has been proposed to
offer neuroprotective effect for over several decades, but in
a recent larger clinical trial in acute traumatic injury patients,
hypothermia failed to improve neurologic outcome.4,5 The
effect ofmild hypothermia (32�C to 35�C) on CMR is negligi-
ble, and only deep hypothermia (18�C to 22�C), which is
employed in specific types of cardiac surgeries, is neuropro-
tective. However, two prospective randomized trials in
comatose survivors of out-of-hospital cardiac arrest demon-
strated better neurologic outcome in the patients treated
with mild hypothermia.6,7 It was also reported that intrais-
chemic or delayed hyperthermiaworsens outcome.8 Grigore
and colleagues9 reported that the slower rewarming rate
with lower peak cerebral temperatures results in signifi-
cantly better cognitive performance after cardiac surgery
with hypothermic cardiopulmonary bypass.

Tight glucose control is associated with reduced mortal-
ity andmorbidity rates in critically ill patients and post-car-
diac surgery patients.10 Persistent hyperglycemia after
stroke has been shown to increase the size of ischemic brain
injury andworsen clinical outcome. There is a retrospective
study that demonstrated decreased mortality rate by nor-
malizing blood glucose level after acute ischemic stroke.11

One should keep in mind that tight glucose control (80 to
110 mg/dL) is associated with a higher incidence of hypo-
glycemia.12 Nonetheless, based on these clinical data,
hyperglycemia should be avoided perioperatively.

The use of corticosteroids is not advocated in ischemic
or traumatic brain injury because there is no strong
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Table 65-1 Overview of Major Clinical Studies Evaluating Neuroprotective Strategies and Outcome

Study (Year)
Number of
Subjects

Patient
Population

Study
Design Intervention Control Outcomes

PHYSIOLOGY

Bernard (2002) 273 Comatose
survivors of out-
of-hospital
cardiac arrest

Prospective
randomized

Mild hypothermia Normothermia Favorable neurologic
outcome

Kammersgaard
(2002)

390 Acute stroke Observational Hypothermia
(�37�C)

Hyperthermia
(>37�C)

Low admission
temperature is an
independent
predictor of good
short-term outcome

Grigore (2001) 165 CABG with CPB Prospective
not
randomized

Slower rate of
rewarming

Conventional
rewarming

Better cognitive
performance at 6
weeks

Gentile (2006) 960 Acute ischemic
stroke

Retrospective Normlization of
BG (<130 mg/dL)
during first 48 hr

Hyperglycemia
(BG �
130 mg/dL)

Associated with a
4.6-fold decrease in
mortality risk

Vicek (2003) 372 Acute ischemic
stroke

Retrospective Lowering DBP
more than 25%
from admission
value

Maintained
DBP

Associated with a
3.8-fold increased
adjusted odds for
poor neurologic
outcome on day 5

Ahmed (2003) 201 Acute ischemic
stroke

Retrospective Lowering DBP
with nimodipine

Maintained
DBP

Worsened the
neurologic outcome
in nontotal anterior
circulation infarct

Gold (1995) 251 CABG with CPB Prospective
randomized

High MABP
(80-100 mm Hg)
during CPB

MABP
50-60 mm Hg
during CPB

Fewer myocardial
and neurologic
complications

ANESTHETICS

Michenfelder (1987) 2223 Carotid
endoarterectomy

Retrospective
chart review

Isoflurane Enflurane,
halothane

Lower critical CBF
(10 mL/100 g/min)
vs. 15 in enflurane
and 20 in halothane;
lower incidence of
EEG ischemic change
(18% vs. 26% in
enflurane and 25% in
halothane)

Messick (1987) 6 Carotid
endoarterectomy

Prospective
single-arm

Isoflurane Halothane Lower critical CBF
(less than 10 ml/
100 g/min) vs 18-20
in halothane

Kanbak (2004) 20 CABG with CPB Prospective
randomized

Isoflurane Propofol Alleviated increase
of S-100 beta protein

Hoffman (1998) 12 Middle cerebral
artery occlusion

Prospective
randomized

Desflurane Etomidate Increased brain tissue
PO2 and attenuated
acidotic change

Mitchell (1999) 65 Left heart valve
operation

Prospective
randomized

Intravenous
lidocaine

Placebo Fewer incidences of
decreased
neuropsychologic
performance

Wang (2002) 118 CABG with CPB Prospective
randomized

Intravenous
lidocaine

Normal saline Decreased the
occurrence of early
postoperative
cognitive
dysfunction
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PHARMACOLOGY

Arrowsmith (1998) 171 CABG with CPB Prospective
randomized

Remacemide Placebo Overall
postoperative change
(reflecting learning
ability in addition to
reduced deficits) was
favorable in treated
group

Mathew (2004) 914 CABG with CPB Prospective
randomized

Pexelizumab Placebo Decreased
visuospatial function
impairment but not
overall cognitive
dysfunction

Ehrenreich (2002) 40 Acute ischemic
stroke

Prospective
randomized

Recombinant
human
erythropoietin

Saline Improvement in
clinical outcome at 1
month

MONITORING

Royse (2000) 46 CABG with CPB Prospective
not
randomized

Epiaortic
echocardiography
and exclusive Y
graft

Digital
palpation and
aorta-coronary
operations

Less incidence of late
neuropsychologic
dysfunction

Murkin (2007) 200 CABG with CPB Prospective
randomized

Cerebral regional
oxygen saturation
monitoring and
treatment
protocol

No intervention Avoids profound
cerebral desaturation
and is associated
with fewer
incidences of major
organ dysfunction

BG, blood glucose; CABG, coronary artery bypass grafting; CPB, cardiopulmonary bypass; DBP, diastolic blood pressure; EEG, electroencephalogram; MABP, mean
arterial blood pressure.
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evidence to support the benefit from treatment with corti-
costeroids.13 There is a potential harm from hyperglyce-
mia induced by its administration.14

Maintaining baseline blood pressure is an essential mea-
sure that ensures vital organ perfusion, including brain.
Cerebral perfusion pressure is calculated by subtracting
intracranial pressure from mean arterial blood pressure
(MABP). Two clinical studies demonstrated that lowering
diastolic blood pressure (DBP) in the acute phase of ische-
mic stroke worsened the neurologic outcome.15,16

Another retrospective study in patients who sustained
sudden cardiac arrest demonstrated that good neurologic
recovery was independently and directly related to MABP
during the first 2 hours after return of spontaneous circu-
lation.17 Gold and colleagues18 found fewer myocardial
and neurologic complications after CABG surgery when
targeted MABP during cardiopulmonary bypass (CPB)
was between 80 and 100 mm Hg rather than 50 and
60 mm Hg. In this study, the incidence of cognitive dys-
function at 6 months after surgery was low and there
was no relation between arterial pressure and cognitive
outcome. However, maintaining “higher” MABP target
strategy is considered to be acceptable, safe, and useful
for patients at high risk for neurologic complications.19

Anesthetics

There is accumulating experimental evidence that confirms
the neuroprotective effect of inhalational anesthetics in
both focal and global ischemia. The mechanism involves
inhibition of excitatory neurotransmission and potentia-
tion of inhibitory receptors resulting in suppression of
energy requirement. Preconditioning from inhalational
agents is proposed as an additional mechanism of neuro-
protection. The tolerance against ischemia is increased in
the future event by activation of adenosine triphosphate
(ATP)–dependent potassium channels and adenosine A1

receptors.1,20 In contrast to the multitude of experimental
studies, clinical evidence on the neuroprotective effect of
inhalational anesthetics has been scant. Hoffman and col-
leagues21 reported that desflurane, in comparison with eto-
midate, increased brain tissue oxygen pressure and
reduced acidosis in patients subjected to temporary middle
cerebral artery occlusion. Another prospective study in
patients undergoing CEA determined that the critical
regional cerebral blood flow, which is the flow rate when
electroencephalographic signs of ischemia are evident,
during isoflurane anesthesia was much lower than during
halothane or enflurane anesthesia.22 In a retrospective
study, the incidence of ischemic change was lower with
isoflurane anesthesia when compared with halothane or
enflurane anesthesia and there was no difference in neuro-
logic outcome despite the fact that the isoflurane group had
a higher risk of an adverse outcome.23 Sufficiently powered,
prospective randomized controlled studies evaluating the
neurologic outcome using more appropriate endpoints
such as long-term neurocognitive function are still needed.
However, the use of volatile anesthetics can be considered
as a part of an anesthetic plan when the risk of neuronal
injury is anticipated.
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Lidocaine was shown to have a neuroprotective effect
in an in vivo study due to the reduction of energy
consumption by delaying ischemia-induced membrane
depolarization and also alleviation of apoptosis.24-26 There
is a small clinical trial in which a lidocaine infusion at the
antiarrhythmic dose demonstrated improved long-term
neuropsychologic performance in 65 patients with left
heart valve procedures.27 More recently, Wang and collea-
gues28 reported that intraoperative administration of lido-
caine decreased the occurrence of early postoperative
cognitive dysfunction in patients who had undergone cor-
onary artery bypass grafting surgery. Neither of these
studies has enough power to conclude that lidocaine infu-
sion should be used routinely as a neuroprotecting agent.
Larger clinical trials with the optimal dosing regimen and
long-term results are still needed.

There is a long history of postulating neuroprotective
ability of barbiturates, which was considered to be from
reduction of CMR and blocking glutamate receptors.
However, there have been mixed results and its clinical
perioperative efficacy remains controversial.29,30 One of
the problems with using barbiturates is their prolonged
duration of action, thus causing delayed emergence. Since
the volatile anesthetics have been shown to have similar
effects as barbiturates, except shorter emergence time,
the popularity of barbiturates has declined.

Propofol and ketamine have also been postulated as
neuroprotecting agents; however, both drugs failed to
improve long-term neurocognitive performance.31-33

Pharmacology

A few clinical trials with encouraging results deserve men-
tion. Remacemide, the NMDA receptor antagonist, has
been shown to improve some measures of postoperative
psychometric performance in cardiac surgery patients.34

Mathew and colleagues35 reported that pexelizumab, a
humanized monoclonal antibody against the C5 comple-
ment component, led to less visuospatial impairment up
to 1 month after CABG surgery, but failed to decrease
the overall incidence of cognitive dysfunction.

Erythropoietin (EPO) has been used for the treatment
of anemia and is known to be safe. It blocks apoptosis,
blocks inflammation, and induces vasculogenesis and
neurotrophic factors. In a clinical trial, high-dose intrave-
nous EPO was shown to improve clinical outcome at
1 month in acute ischemic stroke patients.36

Numerous pharmacologic agents have been investi-
gated for their potential ability to limit neuronal injury.
Despite promising data from laboratory work, all had dis-
appointing clinical results. This is mainly due to the com-
plexity of the mechanisms of neuronal injury and the
difficulty in controlling physiologic factors. The combina-
tion of multiple strategies, including the use of com-
pounds targeting different pathways and the control of
physiologic variables, may afford the most meaningful
results in perioperative neuroprotection.

Preconditioning

Preconditioning is a novel concept of neuroprotection in
which a prior exposure to minor insults will induce an
increased tolerance to more serious injury.1 The mecha-
nism of preconditioning is activation of ATP-dependent
potassium channels and adenosine A1 receptors.1 Other
than history of transient ischemic attack before acute
stroke promoting ischemic tolerance in human brain,
many factors and various drugs can mimic precondition-
ing, such as hyperoxia, hypothermia, electroconvulsive
shock, volatile anesthetics, and the potassium channel
opener diazoxide, and erythromycin.3

Monitoring

In some specific surgical procedures, the use of specific
monitoring measures may have impact on neurologic
outcome. The change of surgical approach led by intrao-
perative epiaortic echocardiography has been shown to
lower the incidence of late neurologic dysfunction in a large
observational study37 and also in a smaller case-control
study.38 This strategy is rated as class IIb (acceptable, safe,
and useful) for patients undergoing CABG surgery at high
risk for neurologic injury in an evidence-based rating by
Hogue and colleagues.19

The use of near-infrared reflectance spectroscopy
(NIRS) for assessment of bifrontal regional cortical oxygen
saturation (rSO2) has demonstrated correlation between
CAB patients having low rSO2 values and cognitive dys-
function, prolonged hospital length of stay, and cerebro-
vascular accident. A recent randomized control study by
Murkin and colleagues39 demonstrated that the treatment
of declining rSO2 prevented prolonged desaturations and
was associated with a shorter intensive care unit (ICU)
length of stay and a significantly reduced incidence of
perioperative major organ morbidity and mortality. This
result may have been the reflection of the good clinical
practice to optimize organ perfusion instead of the direct
effect of rSO2 monitoring. However, the monitoring
would allow early detection and rapid improvement of
end-organ compromise.
AREAS OF UNCERTAINTY

An important cause of the mixed results in clinical trials to
evaluate perioperative neurologic outcomes is the com-
plexity of the mechanism of neuronal injury. Many layers
of pathways and various transmitters and their receptors
are involved. The mechanism of global ischemia differs
from focal ischemia. For instance, the avoidance of hyp-
oxia and hypoperfusion is essential to the perioperative
brain protection, and rapid restoration of oxygen supply
is critical after the ischemic insults; however, hyperoxia
and excessive hypertension should be avoided because
there is increased concern regarding worsening outcome
with hyperoxia after global ischemia.14

The problem in interpreting the results from most of
the clinical studies is that the endpoints of these trials
are not uniform. Because the mechanism of early neuronal
injury is more likely necrosis and that of delayed injury is
apoptosis, the clinical manifestation would be different.
Caution must be taken in terms of appropriate timing of
treatment and neurobehavioral testing when evaluating
the results from these studies.
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GUIDELINES

There are no formal practice guidelines regarding periop-
erative neuroprotection. The clinical evidence of most of
the neuroprotective strategies is weak because of lack of
large, prospective, randomized controlled trials. The Inter-
nal Liaison Committee on Resuscitation published an
advisory statement in 2003 regarding therapeutic hypo-
thermia after cardiac arrest based on two prospective ran-
domized trials that demonstrated promising results with
improved neurologic outcome in the hypothermia group.
In addition to ventricular fibrillation of out-of-hospital
cardiac arrest, it states that cooling to 32�C to 34�C for
12 to 24 hours after the insult may also be beneficial for
other rhythms or an in-hospital cardiac arrest.40
AUTHORS’ RECOMMENDATIONS

Presently, there are no definitive neuroprotective strategies sup-
ported by strong clinical evidence. The available data do not sup-
port a definite benefit even for some of the strategies that have
been historically used to provide neuroprotection. One example
is the use of thiopental and steroids in cardiac surgery with deep
hypothermic circulatory arrest. Furthermore, some strategies have
been revealed as harmful. Based on very limited aforementioned
clinical evidence, the following recommendations can be made
when anticipating ischemic insult in patients at high risk or man-
aging patients after the occurrence of a significant insult. These
recommendations mainly consist of avoidance of deleterious
interventions rather than beneficial measures.

l Hyperthermia, hyperglycemia, hypoxemia, and hypoperfusion
should be avoided at all times. Mild induced hypothermia
(32�C to 34�C) may be beneficial after recovery from
out-of-hospital cardiac arrest or in-hospital cardiac arrest.
Insulin therapy should be used to maintain normoglycemia.
Hyperoxemia should be avoided in cases of global
ischemia. After restoration of spontaneous circulation,
oxygen saturation should be maintained within the range of
94% to 96%.

l Volatile anesthetics can be used during the intraoperative
period to obtain the benefit of reduced energy requirement and
potential preconditioning.

l The use of corticosteroids should be avoided in global ischemia.
l In the management of CPB in patients at high risk for
neurologic injury (e.g., advanced age, prior stroke,
atherosclerosis of the ascending aorta), higher mean arterial
blood pressure should be maintained.

l In CABG surgery, the use of epiaortic echocardiography
scanning and the change of surgical approach may be
warranted to prevent macroembolism from manipulation of
atherosclerosis in the aorta.
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66
 Anesthesia for Cesarean
Delivery—Regional or General?

Yaakov Beilin, MD
INTRODUCTION

The cesarean delivery rate has been steadily increasing
and in 2005 climbed above 30%.1 The most common indi-
cations for cesarean delivery include prior cesarean deliv-
ery, dystocia, breech, multiple gestation, and fetal distress.
The cesarean section rate is likely to increase further as
women are requesting an elective cesarean delivery even
for their first delivery, also known as “cesarean on
demand.” Although controversial, the American College
of Obstetricians and Gynecologists (ACOG) has opined
that it is ethical for an obstetrician to perform an elective
cesarean delivery if the physician believes that the cesar-
ean delivery promotes the health of the mother and fetus
more than a vaginal delivery.2 The selection of regional
or general anesthesia for cesarean delivery depends on
the experience of the anesthesiologist, past medical his-
tory of the patient, and the indication for and urgency of
the cesarean delivery. The anesthetic considerations will
be discussed separately for the elective case, where there
is little controversy that regional anesthesia is the pre-
ferred technique, and the emergent case, where contro-
versy exists.
OPTIONS/THERAPIES

When choosing regional or general anesthesia for cesarean
delivery, one must consider both maternal and neonatal
outcome. Maternal outcome studies have primarily
focused on maternal mortality, and neonatal outcome
studies have focused on umbilical cord pH, Apgar score,
the need for ventilatory assistance at birth, and neurobe-
havior scores.

EVIDENCE

Elective Cesarean Delivery

Maternal outcome is better with regional anesthesia than
with general anesthesia. Hawkins and colleagues3 found
that the case fatality rate for cesareandeliverywas 32permil-
lionwhen general anesthesiawas usedbut only 2 permillion
when regional anesthesia was used. The reason for this dif-
ference is primarily related to the respiratory system of the
parturient. Difficult tracheal intubation is 10 times more dif-
ficult in the parturient than in the general population,4
hypoxemia develops quickly during periods of apnea, and
the parturient is at increased risk for pulmonary aspiration.
Furthermore, airway management experience is decreasing
amongU.S.-trainedphysicians. In a recent surveyof anesthe-
siology residents training in the United States, 13% had
never intubated the trachea of a parturient during their resi-
dency training and 65% performed fewer than three tracheal
intubations.5 Hawthorne and colleagues6 reviewed the inci-
dence of failed intubation on their maternity unit. They
found that the incidence of failed tracheal intubation,
defined as the inability to successfully intubate the trachea
with one dose of succinylcholine thus necessitating initiation
of the failed intubation protocol, increased from 1 in 250 in
1984 to 1 in 300 in 1994. In a recent review of maternal mor-
tality causes,Mhyre and colleagues7 found that “airwaypro-
blems” is still a leading cause of maternal mortality, but that
the problems occurredduring emergence or tracheal extuba-
tion and not during tracheal intubation.

Neonatal outcome is also better when regional anesthe-
sia is used. A number of retrospective studies have evalu-
ated the effect of anesthetic technique on neonatal
outcome, and essentially all have found the same
results.88-12 In one of the larger studies, Roberts and collea-
gues10 reviewed themedical records of womenwho under-
went an elective cesarean delivery. Therewere 1601women
in their database of which 371 had a general anesthetic, 286
had an epidural anesthetic, 231 had a spinal anesthetic, and
659 had a combined spinal-epidural anesthetic. They found
that umbilical artery pH was greater in the neonate deliv-
ered with general anesthesia, but clinical parameters (e.g.,
Apgar score and the need for assisted ventilation) were bet-
ter when regional anesthesiawas used. The acidemia found
in the regional anesthesia groups was greatest in the spinal
group and lowest in the epidural group.However, it should
be noted that the acidemia was almost always (80%) respi-
ratory in nature, which is not associated with an increase
in neonatal complications. For these reasons, most elective
cesarean deliveries in the United States are now performed
under regional anesthesia.13 A flaw with this study and
most of the other retrospective ones was that the amount
of prehydration before the regional anesthetic,14 the dura-
tion of the hypotension,15 and the duration from uterine
incision until delivery,16 all important variables with
regard to the development of fetal acidemia, were not
controlled.

This author is aware of four prospective, randomized
studies evaluating anesthetic technique on neonatal
445
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outcome.17-20 In only one of these studies was the fetal pH
lower in the regional versus the general anesthesia group,
but even in that study there were no infants with fetal
acidemia as defined by a pH less than 7.20.20 In the other
three studies, acid-base status was either better in the spi-
nal anesthesia group17,18 or unchanged.19 All the investi-
gators either found no difference in Apgar scores or
greater Apgar scores in the regional anesthesia group
(Table 66-1).

Spinal anesthesia is commonly used rather than epidu-
ral anesthesia for elective cesarean delivery because with
spinal anesthesia the speed of onset is quicker and the fail-
ure rate is lower. Riley and colleagues21 found that spi-
nal anesthesia leads to a more efficient utilization of
operating room time than epidural anesthesia because
time from entering the operating room until skin incision
is faster with spinal anesthesia. The most common
Table 66-1 Results of Studies Comparing Anesthetic

Author Design Average UA Ph UA Ph < 7.20
Avg 1 m
Apgar

Spin/Epid/GA
Spin/Epid/
GA %

Spin/Ep
GA

Evans8 (1989) Retro NA/7.28/7.28 NA/4.8/3.9 NA/NA

Ratcliffe9 (1993) Retro 7.25/7.29/7.3 NA/NA/NA NA/NA

Roberts10 (1995) Retro NA/NA/NA 34/10/4 8/8/9{

Mueller11 (1997) Retro NA/NA/NA 13.9/14.0/7.8 NA/NA

Sendag12 (1999) Retro NA/7.32/7.35 NA/5/0 NA/8.9

Dick17 (1992) Prosp NA/7.30/7.27 NA/NA/NA NA/NA

Kolatat18 (1999)
Kavak19 (2001)
Petropoulos20

(2003)

Prosp
Prosp
Prosp

7.30/7.31/7.29
7.24/NA/7.25
7.26/7.28/7.29

NA/NA/NA
7.2/NA/7.2
0/0/0

8.2/8.3/
8.9/NA
NA/NA

*Apgar <8.
{Apgar <4.
{Median.
Epid, epidural; GA, general anesthesia; min, minute; NA, not applicable; Prosp, pro
complication from spinal anesthesia is hypotension,
which may explain the decreased umbilical artery pH as
compared with both epidural and general anesthesia.15

Numerous techniques have been attempted to prevent
hypotension following spinal anesthesia, with varying
success. The most important preventive measure is to
ensure left uterine displacement so as to avoid the supine
hypotensive syndrome.22 Prehydration is not necessarily
an effective measure to prevent hypotension. Rout and
colleagues23 randomized women to receive no prehydra-
tion or 20 mL/kg of a crystalloid before cesarean delivery.
They found a smaller incidence of hypotension in the pre-
hydrated group (55%) as compared with the control group
(71%), but the total amount of fluid, the total amount of
ephedrine, and the severity of the hypotension did not
differ between groups. Also, there was still a fair amount
of hypotension in the prehydrated group. Park and
Techniques for Elective Cesarean Delivery

in Avg 5 min
Apgar

Apgar
1 min <7

Apgar
5 min <7 Comment

id/ Spin/Epid/
GA

Spinal/Epid/
GA %

Spinal/Epidl/
GA %

/NA NA/NA/NA NA/4.0/22 NA/0/6

/NA NA/NA/NA 7/4/25 0/0/9

9/9/9{ 0/0/1{ 0/0/0{ Assisted
ventilation
at birth
required
more often
with GA

/NA NA/NA/NA NA/NA/NA 2.2/2.9/4.5* Assisted
ventilation
at birth
required
more often
with GA

/8.4 NA/9.9/9.8 NA/0/0{ NA/0/0

/NA NA/NA/NA NA/38/13 NA/8/0 Assisted
ventilation
at birth
required
more often
with GA

6.7
/8.7
/NA

9.8/9.7/9.2
9.9/NA/9.9
NA/NA/NA

NA/NA/NA
NA/NA/NA
5/4/6

NA/NA/NA
0/NA/0
3/3/4

1 and
5 min
Apgar
similar but
numbers
not
reported

spective; Retro, retrospective; Spin, spinal; UA, umbilical artery.
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colleagues24 randomized women to receive 10, 20, or
30 mL/kg of crystalloid before cesarean delivery. They
found less hypotension as the amount of prehydration
increased (67% versus 56% versus 47% in the 10, 20, and
30 mL/kg groups, respectively) that did not reach statisti-
cal significance. But even in those who received 30 mL/
kg of crystalloid prehydration there was almost a 50% inci-
dence of hypotension. Prehydration is still recommended
because neonatal outcome, Apgar score, and the percent-
age of neonates with a normal acid-base balance is
improved when the mother is prehydrated.14 Colloid pre-
hydration may be more promising and deserves further
study. Ueyama and colleagues25 randomized women
undergoing cesarean delivery to receive either 1500 mL of
lactated Ringer’s or 500 mL or 1000 mL of a colloid solution
(hydroxyethylstarch). The incidence of hypotension was
75% in those who received lactated Ringer’s, 58% in those
who received 500 mL of hydroxyethylstarch, and only
17% in those who received 1000 mL of hydroxyethylstarch.
Prophylactic intravenous ephedrine26 or phenylephrine27

before spinal anesthetic placement has been studied to pre-
vent hypotension, and is generally not recommended
because of the risk of reactive hypertension.28

Emergency Cesarean Delivery

Maternal outcome is also improved when regional anes-
thesia is used for an emergent cesarean delivery as com-
pared with an elective cesarean delivery because of the
difficulty with tracheal intubation. Indeed, airway con-
cerns during an emergency cesarean delivery are even
greater than in the elective scenario. Endler and collea-
gues29 reviewed maternal deaths in the state of Michigan
from 1972 through 1984. They found that the emergent
situation was a risk factor for difficult tracheal intuba-
tion and that in 11 of 15 patients the inability to success-
fully intubate the trachea was the principal cause of
death.
Table 66-2 Results of Studies Comparing Anesthetic

Author Design n Average UA PH

Spinal/Epid/GA Spinal/Epid/GA %

Gale30

(1982)
Retro NA/NA/NA NA/NA/NA

Ong31

(1989)
Bowring32

(2006)

Retro
Retro

Total ¼ 390
With few spinal
Regional ¼ 57
General ¼ 17

NA/NA/NA
Regional ¼ 7.22
General ¼ 7.22

Marx33

(1984)
Prosp 33/22/71 Regional ¼ 7.22

General ¼ 7.22

*Apgar <5.
Epid, epidural; GA, general anesthesia; ICU, intensive care unit; Prosp, prospective;
Neonatal outcome for the emergent cesarean delivery
is also better with regional anesthesia than with general
anesthesia. The author is aware of four studies, three ret-
rospective studies30-32 and one prospective study,33 that
addressed anesthetic technique during urgent cesarean
delivery. The authors of the three retrospective studies
all found the incidence of low Apgar scores at 1 and 5
minutes and the incidence of neonates requiring assisted
ventilation greater in those who received general anesthe-
sia. Bowring and colleagues32 also found that umbilical
cord pH was the same (pH ¼ 7.22) in those who received
regional and general anesthesia. In the only prospective
and partially randomized study, Marx and colleagues33

evaluated neonatal outcome in women who underwent a
cesarean delivery for fetal distress. The choice of anes-
thetic, general, spinal, or extension of an existing epidural
catheter, was made by the mother immediately before
administration of the anesthetic. There were 126 women
in the study of whom 71 chose general anesthesia, 33
chose spinal anesthesia, and 22 chose extension of their
epidural anesthetic. The time from decision to perform a
stat cesarean delivery until skin incision was less than 20
minutes in all patients. However, the time from decision
to perform the cesarean delivery until skin incision was
greater in the regional anesthesia groups as compared
with the general anesthesia group. Despite this difference
in starting time, they were unable to detect a significant
difference in 5-minute Apgar scores or umbilical arterial
or venous pH among the three groups, but the 1-minute
Apgar score was greater in the regional anesthesia groups
than in the general anesthesia group (Table 66-2).

A potential flaw with the Marx study is that many of
the cases that were classified as “stat” were not true emer-
gencies and therefore the results should not be extrapo-
lated to the true emergency. Indeed, the findings of
Marx and colleagues33 are controversial and many con-
tend that general anesthesia is the preferred technique
for a true emergency cesarean delivery. The concern is
Techniques for Emergent Cesarean Delivery

Apgar 1 min <8 Apgar 5 min <8 Comment

Spinal/Epid/GA % Spinal/Epidl/GA %

NA/NA/NA NA/NA/NA Assisted ventilation
at birth required
more often with GA

NA/18/43*
NA

NA/3/8*
Regional ¼ 12%
General ¼ 5%

Tracheal intubation
at birth and neonatal
death more often
with GA; ICU
admission greater in
the GA group

21/23/49 3/0/15 Only partia lly
randomized study

Retro, retrospective; UA, umbilical artery.
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related to the greater time it may take to administer a
regional anesthetic as compared with a general anesthetic
in a case where time is of the essence.
Mask ventilate

Successful Impossible

No fetal
distress

Fetal
distress
present

Insert
LMA

Wake
mother

Perform regional
anesthesia or

awake intubation

Complete
surgery

Successful* Not
successful

Cricothyrotomy,
combitube or

fiberoptic

Complete
surgery

Complete
surgery

Complete
surgery

Figure 66-1. Management of the Unanticipated Difficult Airway.
LMA, laryngeal mask airway. *Consider endotracheal intubation
through the LMA.
AREAS OF UNCERTAINTY

Most clinicians agree that for elective cesarean delivery,
regional anesthesia is safer than general anesthesia for
both the mother and the baby and is therefore the pre-
ferred technique. The area of uncertainty is in regard to
emergent cesarean delivery. There are two concerns when
administering a spinal anesthetic for emergent cesarean
delivery. One is that the placement of a spinal anesthetic
may take “too long,” and the second is that hypotension
from a spinal anesthetic may further worsen uteroplacen-
tal blood flow and neonatal outcome. However, choosing
a general anesthetic should not be taken lightly, because
the leading cause of maternal morbidity and mortality
remains failed endotracheal intubation and aspiration
pneumonia.

Obstetricians tend to use the terminology “emergent
cesarean delivery” to describe many different scenarios
where there is concern about the fetus. A more useful clas-
sification may be to further classify the emergency as
either “urgent” or “stat.” An urgent cesarean delivery is
one where there is some concern about the fetus and the
baby should be delivered before there is further deteriora-
tion, such as the case where there are variable fetal heart
rate decelerations with prompt recovery. A “stat” cesar-
ean delivery is one where time is of the essence such as
a cord prolapse with a slow fetal heart rate or maternal
hemorrhage. The anesthetic choice will differ based on
whether the indication for the emergent cesarean delivery
is urgent or stat.
Continued
GUIDELINES

There are two guidelines published by the American Col-
lege of Obstetricians and Gynecologists (ACOG), one in
conjunction with the American Academy of Pediatrics
(AAP), that address the issue of emergent cesarean deliv-
eries.34,35 The first guideline34 states that hospitals should
have the capability of initiating a cesarean delivery within
30 minutes. The second guideline35 asserts in part that (1)
failed intubation and pulmonary aspiration is the leading
cause of morbidity and mortality for the mother; (2) the
obstetrician should be able to identify those factors that
place the patient at greater risk for general anesthesia and
should request an antepartum anesthesia consultation; (3)
strategies to reduce the need for emergency induction of
general anesthesia should be developed, including the
early placement of an epidural anesthetic; (4) the term fetal
distress is imprecise, and a better term is nonreasurring fetal
heart rate pattern; and (5) a cesarean delivery for a nonrea-
surring fetal heart rate pattern does not preclude the use
of regional anesthesia. The American Society of Anesthe-
siologists has developed “Practice Guidelines for Manage-
ment of the Difficult Airway.”36 These parameters are an
excellent guide to themanagement of the unanticipated dif-
ficult endotracheal intubation, and a plan based on these
guidelines is summarized in Figure 66-1.
AUTHOR’S RECOMMENDATIONS

ELECTIVE CESAREAN DELIVERY (TABLE 66-3)

Spinal anesthesia can be used for the majority of elective cesarean
deliveries. Hyperbaric bupivacaine 0.75%, 1.5 mL, will reliably
give a T-4 level of anesthesia. De Simone and colleagues37 com-
pared the duration, highest dermatomal level achieved, and suc-
cess rate of 1.5 mL of bupivacaine 0.75% versus 2 mL of the
same drug. They found that the quality of analgesia was satisfac-
tory in all patients, but the duration of anesthesia was longer in
those who received 2 mL as compared with those who received
1.5 mL (162 versus 140 min). The highest dermatomal level
achieved was on average 2.2 spinal segments higher in those
who received the 2 mL dose, with 7 of 12 in that same group
achieving a cervical level of anesthesia. Cervical levels of anesthe-
sia are not needed for a cesarean delivery and may be uncomfort-
able for the patient, which is why this author uses 1.5 mL of
hyperbaric bupivacaine.



Table 66-4 A Suggested Method of Performing
a General Anesthetic for Stat
Cesarean Delivery

1. Check the anesthesia machine. Prepare resuscitative
equipment and drugs.

2. Administer a nonparticulate antacid by mouth
3. Rapidly prehydrate with 1000-1500 mL crystalloid.
4. Transport to the operating room with left uterine

displacement.
5. Place routine monitors including blood pressure cuff, ECG,

and pulse oximeter.
6. Administer oxygen via face mask.
7. After denitrogenation induce anesthesia with thiamylal 4 mg/

kg followed by succinylcholine, 100 mg, with cricoid pressure.
Do not administer a defasciculating dose of a nondepolarizing
agent.

8. Maintain anesthesia with 50% N2O, O2, and 0.3%-0.5%
isoflurane or 0.5%-0.7% enflurane until the baby is delivered.
After delivery of the baby, administer fentanyl 100 mcg and
increase N2O concentration to 70%. Keep concentration of
halogenated agent below 0.5 MAC to avoid uterine relaxation.

9. Administer neostigmine 0.04-0.07 mg/kg and glycopyrrolate
0.01-0.15 mg/kg to antagonize residual neuromuscular
blockade.

10. Tracheally extubate patient when fully awake.

Table 66-3 A Suggested Technique for
Performing Regional Anesthesia
for Elective Cesarean Delivery

1. Check the anesthesia machine. Prepare resuscitative
equipment and drugs.

2. Administer a nonparticulate antacid by mouth.
3. Transport to the operating room with left uterine displacement.
4. Prehydrate with 1000-1500 mL crystalloid solution intravenously.
5. Place routine monitors including blood pressure cuff,

electrocardiogram (ECG), and pulse oximeter.
6. Administer oxygen via face mask.
7. For spinal anesthesia: Use small-gauge (25-27) pencil-point

needle. Administer 1.5 mL of 0.75% hyperbaric bupivacaine
with 0.1-0.5 mL of preservative-free morphine sulfate.

8. For epidural anesthesia: After placing epidural catheter,
administer 3 mL of 2% lidocaine with epinephrine 1:200,000 as
a test dose. Wait 5 minutes, observing for signs of either
intravascular or subarachnoid injection. After confirming
catheter position, inject same medication in 5-mL increments,
no more frequently than every 5 minutes, until Thoracic-4
level of anesthesia is achieved.

9. Monitor vital signs every 2 minutes for the first 20 minutes and
then every 5 minutes thereafter, if stable.

10. If hypotensionoccurs, administer 250-500 mLboluses of additional
crystalloid, ephedrine in 5-mg increments, or phenylephrine in
50-mcg doses until blood pressure returns to normal.
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AUTHOR’S RECOMMENDATIONS—Cont’d

Some opt to use the combined spinal epidural technique for
cesarean delivery in case the procedure is prolonged. This deci-
sion should be made on an individual basis taking into account
the speed of the surgeon and specific patient factors, for example,
repeat cesarean delivery or previous abdominal procedures.

Epidural anesthesia is generally reserved for the parturient
who has an epidural in situ, or where there may be a benefit
to slow titration of local anesthetic such as a woman with severe
hypertension or valvular heart disease. Lidocaine 2% with
epinephrine is a commonly used epidural anesthetic regimen.
General anesthesia is never used unless the patient refuses a
regional anesthetic technique.

EMERGENCY CESAREAN DELIVERY

When the indication is urgent (not stat), this author uses a spinal
anesthetic or an epidural in situ. When administering a spinal
anesthetic for urgent cesarean delivery, the fetal tracing should
be continuously monitored in the operating room. Do not wait
for complete prehydration before placing the spinal anesthetic.
Bupivacaine 0.75% (1.5 mL) will confer adequate and quick
analgesia for the cesarean delivery. This author encourages
early placement of an epidural anesthetic in a woman likely to
require a cesarean delivery or in a woman in whom general
anesthesia may be deleterious (history of a difficult airway).
Lidocaine 2% with 1:200,000 epinephrine or 2-chloroprocaine
3% can be used to provide safe and rapid anesthesia for the
cesarean delivery.

When confronted with a stat cesarean delivery (time is of the
essence), the anesthesiologist must accomplish the anesthetic
quickly and efficiently and must take into account both the
mother and the fetus. Maternal concerns include any preexisting
medical condition and a full evaluation of the airway. A nonpar-
ticulate antacid should be administered. Airway evaluation
should start with an external examination of the head and neck.
A receding mandible (micrognathia) and other external anoma-
lies should be noted. Difficulty in neck extension and flexion
may predict suboptimal alignment of the oral, pharyngeal, and
laryngeal axes. The relation of the size of the tongue to the oral
cavity can be estimated using the Mallampati classification.
Combining all this information will help the clinician decide if
a difficult tracheal intubation is anticipated. Clinical experience
is the key to making this decision. If the mother has a known
or suspected difficult airway, either an awake intubation should
be performed or a spinal anesthetic should be used. However,
under no circumstance should the patient receive a general anes-
thetic before the airway is secured. If the mother does not have a
suspected difficult airway, this author would proceed with a
general anesthetic.

General endotracheal anesthesia must be accomplished in a
rapid-sequence manner (Table 66-4). After preoxygenation and
application of cricoid pressure, general anesthesia proceeds with
an induction agent and succinylcholine for paralysis. Although
subtle differences exist among induction agents in regard to
maternal and neonatal outcome, they are essentially all safe. This
author commonly uses either thiopental or etomidate. Anesthesia
is maintained with 50% N2O in O2 and 0.3% to 0.5% of a potent
inhaled anesthetic agent to ensure amnesia.
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 When Should a Combined
Spinal-Epidural (CSE) Be Used?

Rolf A. Schlichter, MD, and Valerie A. Arkoosh, MD
INTRODUCTION

The combined spinal-epidural (CSE) technique produces
the reliable and rapid onset of spinal anesthesia combined
with the flexibility to extend the height and duration of a
block provided by continuous epidural anesthesia. CSE
has become a popular technique in both obstetrics and
orthopedic surgery. CSE was originally described in 1979
by Curelaru,1 and in 1981 by Brownridge,2 as a double-
segment technique with the epidural and spinal proce-
dures performed at different interspaces of the lumbar
spine. Advances in needle design led to the more popular
and practical single-segment technique (SST) in use today.
In 1982 clinicians described the use of the SST for lower
limb surgery and in 1984 for cesarean section.3,4

The SST involves locating the epidural spacewith either a
standard or a specialized epidural needle using the loss of
resistance technique. Once the epidural space has been iden-
tified, a small-gauge spinal needle is introduced via the epi-
dural needle into the cerebrospinal fluid. A spinal dose of
opioid or local anesthetic (or both) is given through the spi-
nal needle, and then the spinal needle is removed. An epidu-
ral catheter is then inserted through the epidural needle to
the appropriate depth. A specialized epidural needle with
a back hole is available that enables the spinal needle to exit
the epidural needle in the horizontal plane perpendicular to
the dura, rather than through the curved tip of a standard
epidural needle. The technique can be performed in the sit-
ting or lateral position.

OPTIONS/THERAPIES

The CSE technique is widely used for labor analgesia,
anesthesia for cesarean section, lower-extremity orthope-
dic surgery, and urologic procedures. Once popular, the
role of CSE in lower-extremity vascular procedures has
declined secondary to the use of antithrombotic and anti-
platelet therapies for the treatment of vascular disease.

CSE produces rapid onset of analgesia for the woman
in advanced labor while simultaneously maintaining
maternal ability to push during the second stage.5 In early
labor, an initial dose of intrathecal opioid alone maintains
maternal mobility and may increase the speed of cervi-
cal dilation.6,7 Concurrent placement of the epidural cath-
eter enables additional doses of local anesthetic with or
without opioid to produce prolonged labor analgesia or
cesarean section anesthesia.

CSE for cesarean section provides the benefit of a quick
onset of neuraxial blockade with the ability to use the epi-
dural if the spinal block recedes or the surgery is unex-
pectedly prolonged. Secondarily, the epidural can be
used to provide postoperative analgesia with both low-
dose local anesthetics and epidural opioids.

In orthopedic procedures, the CSE technique is used
in lower-extremity surgeries, such as total hip and total knee
arthroplasties. The technique can be as efficient as a general
anesthetic,8 may reduce the incidence of postoperative deep
vein thrombosis,9 and can be used for postoperative analge-
sia in the absence of antithrombotic therapy.

The low-dose sequential CSE technique is a modification
of the original technique that uses a deliberately subanes-
thetic intrathecal dose with the expectation of extending
the block height by the subsequent epidural injection of
either local anesthetic or saline. This technique has been
shown to enhance cardiovascular stability in high-risk cases,
including pregnant women with severe preeclampsia.10,11
CONTRAINDICATIONS

Patients receiving a CSE must be appropriate candidates
for a neuraxial technique. Contraindications include
patient refusal, coagulopathy, and some infections. Amer-
ican Society of Regional Anesthesia (ASRA) guidelines
recommend that a patient have normal coagulation before
undergoing instrumentation of the neuraxis.12 Aspirin or
nonsteroidal antiinflammatory agent therapy is not a con-
traindication; however, other antiplatelet therapies such
as clopidogrel require cessation 7 days before undergoing
the procedure. Patients taking Coumadin should undergo
5 days without therapy or have a current normal pro-
thrombin time (PT) and international normalized ratio
(INR). Patients receiving prophylactic doses of low-molec-
ular-weight heparin (LMWH), such as enoxaparin 30 to 40
IU or dalteparin 5000 IU every 24 hours, must wait 12
hours after the last dose before undergoing neuraxial
blockade. Patients receiving therapeutic doses of LMWH,
such as enoxaparin 1 mg/kg every 12 hours, enoxaparin
1.5 mg/kg daily, dalteparin 120 U/kg every 12 hours, dal-
teparin 200 U/kg daily, or tinzaparin 175 U/kg daily,
must wait 24 hours from the last dose before receiving a
451
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neuraxial block. Subcutaneous heparin is not a contraindi-
cation to regional anesthesia.12

Evaluating the coagulation status of the obstetric patient
can present a special challenge. Pregnancy may be compli-
cated by conditions that lower the platelet count or inhibit
platelet function such as preeclampsia, eclampsia, or the syn-
drome of hemolysis, elevated liver enzymes, and low
platelets (HELLP syndrome). Given the hypercoaguable con-
dition of pregnancy, the absolute platelet count is less
concerning than the trend in platelet numbers. There is no
evidence for a specific platelet count below which neuraxial
techniques are contraindicated in the obstetric patient. Thus
itwould seem, as apracticalmatter, that a risk/benefit assess-
ment should be undertaken on any pregnant woman with a
platelet count of less than 75,000/mm3 orwith a sudden, sub-
stantial drop from her baseline, and an individualized deci-
sion reached regarding the safety of a neuraxial technique.
Patients with a platelet count less than 75,000/mm3 should
be examined for stigmata of coagulopathy (easy bruising,
petechiae, bleeding from the intravenous site or Foley cathe-
ter) before instrumentation. A PT, a partial thrombin time,
and a platelet count should be reviewed before proceeding.
If any of the aforementioned tests are abnormal, a fibrinogen
level and a d-dimer level are useful to assess the patient for
the presence of disseminated intravascular coagulation.

Obstetric patients may be receiving anticoagulation
therapy for a variety of obstetric or nonobstetric indica-
tions. Ideally, women on long-acting anticoagulants (e.g.,
for deep vein thrombosis prophylaxis or prosthetic heart
valves) should be converted from their long-acting thera-
pies (e.g., LMWH) to subcutaneous heparin at 36 weeks
of gestational age. A patient on therapeutic LMWH who
is in labor must wait a minimum of 24 hours from the last
dose before undergoing CSE analgesia or anesthesia.

Patients with infection at the needle insertion site, sus-
pected meningitis (bacterial or viral), or sepsis should not
undergo neuraxial blockade. Patients with suspected chor-
ioamnionitis can receive regional anesthesia following the
administration of appropriate intravenous antibiotics.13,14

Parturients with a primary herpes simplex outbreak are at
increased risk for herpetic meningitis with neuraxial techni-
ques. Human immunodeficiency virus/acquired immuno-
deficiency syndrome (HIV/AIDS) is not a contraindication
to CSE.12
EVIDENCE FAVORING THE USE OF CSE

CSE for Labor Analgesia

The benefits of CSE for labor analgesia have been described
in comparison to either traditional epidural or modern low-
dose epidural analgesia. These benefits include faster onset
of analgesia, better pain relief in advanced labor, improved
maternal mobility, and less chance of an instrumented vagi-
nal delivery. Because there is no standard drug regimen for
either CSE, traditional, or low-dose epidural analgesia, it is
difficult to compare and contrast studies. Nonetheless, a
Cochrane Systematic Review, which included data from 19
randomized trials (2658 laboring women), has attempted to
assess the evidence behind some of the stated benefits of
CSE.15 This analysis found that analgesic onset is faster with
CSE compared with low-dose epidural analgesia, with the
likelihood of patient comfort at 10minutes to be nearly twice
ashigh inpatients receivingCSE. This finding is important to
the laboringwoman rapidly approaching the second stage of
labor, for whom both comfort and maintenance of adequate
motor strength to push are important therapeutic goals.

Two studies have suggested that the CSE technique has
no negative influence on obstetric outcome when adminis-
tered in very early labor. The first, a randomized study of
the combination of intrathecal sufentanil and bupivacaine
compared with epidural bupivacaine for early (cervical
dilation less than 5 cm) analgesia, demonstrated a faster
rate of cervical dilation in parturients receiving CSE anal-
gesia (2.1 cm/hr versus 1 cm/hr; p ¼ 0.0008).5 The par-
turients receiving CSE analgesia also had a quicker
analgesic onset and superior pain scores for 110 minutes
compared with the women with epidural analgesia. There
was no difference in the rate of cesarean section or instru-
mental delivery between the two groups.5 A randomized
trial of intrathecal fentanyl (25 mcg) compared with sys-
temic hydromorphone (1 mg intravenously [IV] and
1 mg intramuscularly [IM]) for early (median cervical
dilation 2 cm) labor analgesia followed by epidural anal-
gesia in both groups demonstrated that the CSE group
experienced superior analgesia, shorter analgesic onset,
and a shorter interval to complete cervical dilation (295
versus 385 minutes; p ¼ 0.001), and gave birth to infants
with higher Apgar scores (p < 0.01). There was no differ-
ence in rate of cesarean section or instrumental delivery
between the two groups.6 The Cochrane analysis com-
pared the likelihood of an instrumental vaginal delivery
in patients receiving CSE, traditional epidural analgesia,
and low-dose epidural analgesia. There was no difference
between CSE and low-dose epidurals, but the relative risk
of 0.82 (95% confidence interval [CI] 0.67 to 1.00) was at
the border of favoring CSE over traditional epidurals.15

CSE for Cesarean Section

The CSE technique has been associated with positive out-
comes and low failure rates when used as the anesthetic
technique for cesarean delivery. A controlled study of
intrathecal bupivacaine compared with epidural bupiva-
caine demonstrated that 100% of the women receiving a
CSE anesthetic had adequate anesthesia compared with
74% of women receiving epidural anesthesia.16 The total
dose of bupivacaine used was three times higher in women
with epidural anesthesia (125 mg) compared with those
using the CSE technique (40 mg). Maternal and fetal blood
concentrations of bupivacaine were higher in the women
with epidural anesthesia (604 mg and 186 mg, respectively)
compared with the women with intrathecal anesthesia
(205 mg and 45 mg, respectively). There was no difference
in Apgar scores, umbilical cord blood gases, or the neonatal
neurobehavioral examination between the two groups.16

A randomized, prospective study of 120 women compar-
ing CSE with epidural anesthesia assessed both objective
outcomes and subjective maternal experience.17 The women
receiving intrathecal bupivacaine and fentanyl had quicker
onset of a T4 level of anesthesia (10 versus 16 minutes), a
shorter time to surgical incision (29 versus 36 minutes),
and more reliable motor blockade (54% versus 11%) than



Chapter 67 When Should a Combined Spinal-Epidural (CSE) Be Used? 453
the women receiving epidural lidocaine with epinephrine
and fentanyl. Significantly more women in the CSE group
reported no pain, lower anxiety, and greater satisfaction
than the epidural group. There were no significant differ-
ences in incidence of hypotension, nausea, pruritus, post–
dural puncture headache (PDPH), or neonatal outcomes
between the two groups.17

Hypotension can be an important side effect of spinal
anesthesia for cesarean section. The CSE technique enables
the successful use of small doses of spinal medication cou-
pledwith epidural supplementation, if needed.10,11 A recent
study compared the spinal administration of 6.5 mg of
hyperbaric bupivacaine combined with sufentanil 2.5 mcg
versus 9.5 mg of hyperbaric bupivacaine with sufentanil
2.5 mcg for CSE anesthesia for cesarean delivery. Patients
in the high-dose group experienced significantlymore hypo-
tension than the low-dose group (68% versus 16%, p <0.05),
and significantly more patients required treatment. The
anesthetic duration was shorter in the low-dose group,
pointing out the necessity of having an epidural catheter in
place.18

CSE for Orthopedic Surgery

Patients undergoing orthopedic procedures may also
benefit from the CSE technique. A retrospective chart
review of 62 total hip arthroplasties found that patients
undergoing either the CSE technique, single-injection spi-
nal anesthesia, or general anesthesia had the same time
interval from anesthesia start to surgical incision (59 min-
utes) whereas those receiving epidural anesthesia had a
longer interval (73 minutes).8 A randomized controlled
study of patients undergoing hip arthroplasy compared
time to adequate block and adequacy of muscle relaxation
in patients receiving either intrathecal bupivacaine as a
single injection, as part of the CSE technique, or through
an epidural.19 Time to adequate block was significantly
shorter in the two intrathecal groups, 11 minutes for sin-
gle-injection spinal and 14 minutes for the CSE technique,
compared with 36 minutes for the epidural group. Simi-
larly, muscle relaxation was adequate in 100% of those
receiving intrathecal bupivacaine compared with 12% of
those receiving epidural bupivacaine. Four of the 25
patients receiving epidural bupivacaine were converted
to general anesthesia because of inadequate anesthesia
whereas none of the patients receiving intrathecal bupiva-
caine were. Four of the 25 patients receiving the CSE tech-
nique received supplemental bupivacaine via the epidural
catheter. There were no differences demonstrated in terms
of hemodynamic changes (p >0.005) among the three
groups.19
CONTROVERSIES

Controversy with the CSE technique has largely centered
on the incidence and significance of side effects. For
instance, patients who receive a lipid-soluble opioid as
part of a CSE technique experience more pruritus than
patients who receive a local anesthetic alone or the same
opioid by the epidural route.20 This mu receptor–
mediated side effect is not dangerous but can be annoying
to the individual patient. The incidence of pruritus can be
reduced with lower doses of intrathecal opioid.21

Of greater concern is the observation by some authors
of an increased incidence of fetal bradycardia following
the CSE technique for labor analgesia. A 2002 meta-analy-
sis of studies conducted in the 1990s, administering higher
doses of intrathecal opioids than are generally in use
today, found an odds ratio of 1.8 for occurrence of fetal
bradycardia within the first 60 minutes of intrathecal opi-
oid administration versus neuraxial analgesia without
intrathecal opioids. However, these episodes did not
result in an increase in the rate of cesarean deliveries.21

Also reassuring are the results from the 2007 Cochrane
Systematic Review, which found no difference in neonatal
outcomes, as measured by neonatal Apgar scores or need
for neonatal intensive care unit admission, between CSE
and epidural techniques.15 Dose of intrathecal medication
appears to have an impact on the incidence of fetal brady-
cardia. A randomized controlled (low-dose epidural
group) study of 7.5 mcg intrathecal sufentanil alone com-
pared with 1.5 mcg intrathecal sufentanil combined with
2.5 mg bupivacaine found that the lower-dose combina-
tion of sufentanil and bupivacaine was associated with a
12% incidence of fetal bradycardia, the low-dose epidural
group with an 11% incidence, and the higher-dose sufen-
tanil group with a 24% incidence. There were no differ-
ences in maternal pain scores or mobility between the
two groups.21

Failed epidural is another theoretic concern with the
CSE technique. The data from four randomized controlled
studies in which epidural failure rate was measured
demonstrated an equal or lower failure rate of an epidural
when inserted as part of the CSE technique (0.7% to
1.49%) compared with epidural insertion alone (0.7% to
3.18%).22-24

Meningitis, including viral, bacterial, and aseptic, has
been reported following instrumentation of the epidural
and intrathecal space. With proper sterile technique, the
incidence has been shown to be 0% to 0.04%.25,26 There
are no data that demonstrate an increased rate of meningi-
tis following the CSE technique compared with other
neuraxial techniques.14

Since the CSE technique requires dural puncture,
PDPH is a possible side effect of this technique. The use
of a small-gauge pencil-point needle, however, reduces
this risk. In two controlled studies the rate of PDPH after
the CSE technique was found to be 0.44% to 1.7%. There
was a 0.65% to 1.6% incidence of dural puncture using a
17-gauge epidural needle; however, that dural puncture
was associated with a 38% incidence of PDPH.27,28 It
appears that puncture with the larger epidural needle is
associated with an increased risk of PDPH versus the
smaller pencil-point needle used for the actual spinal.

GUIDELINES

There are currently no formal guidelines published by
national societies that specifically address the indications
for CSE. However, broader guidelines from two organiza-
tions include information about CSE and many of the
issues raised in this chapter. The American Society of
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Anesthesiologists’ “Practice Guidelines for Obstetric
Anesthesia” is an excellent resource for best practices in
the care of the obstetric patient and supports the use of
CSE for both labor analgesia and cesarean delivery.29

In 2002, the American Society of Regional Anesthesia
and Pain Medicine published the results of a consensus
conference, “Regional Anesthesia in the Anticoagulated
Patient—Defining the Risks.”12 This document is in the
process of being updated from the results of the consen-
sus conference held in 2007. Finally, the American Society
of Regional Anesthesia and Pain Medicine recently pub-
lished a series of articles based on the 2004 “Conference
on Infectious Complications of Neuraxial Blockade.”30
AUTHORS’ RECOMMENDATIONS

CSE can play a role in any procedure in which rapid onset of anal-
gesia or anesthesia is desirable and the duration of the expected
procedure is likely to outlast a single dose of spinal medication,
or in which postoperative pain management with an epidural
catheter is warranted. The best evidence supporting the use of
CSE is derived from the meta-analysis of numerous, relatively
small, randomized studies carried out at single institutions. This
evidence supports the use of CSE for the following indications.
It must be kept in mind, however, that there are inadequate data
to demonstrate the difference, if any, between CSE and epidural
analgesia for extremely rare events, such as meningitis.

l Labor analgesia—CSE has been shown to be advantageous
both very early in labor and in advanced labor. Early in labor,
small doses of spinal opioids, with or without local anesthetic,
have been associated with excellent maternal pain relief and
favorable obstetric outcomes. In advanced labor, CSE reliably
produces maternal analgesia while simultaneously maintaining
maternal ability to participate in the second stage of labor.

l Cesarean section—CSE is advantageous in any setting where
the cesarean section may outlast the duration of a single
injection of spinal medication. Low-dose CSE should also be
considered for patients in whom hemodynamic stability is a
particular concern.

l Orthopedic surgery—CSE can be considered for long
procedures, as well as for those patients who would benefit
from postoperative epidural analgesia.

l CSE may be associated with an increased risk of fetal
bradycardia in the laboring patient. Thus, in the situation where
a laboring mother has a fetus already having episodes of fetal
bradycardia, an epidural alone may be preferable.
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 Does Labor Analgesia Affect
Labor Outcome?

B. Scott Segal, MD
INTRODUCTION

In 1847, only months after the first demonstration of
anesthesia, James Simpson, an obstetrician, administered
ether to a woman in labor for childbirth. He was quite
impressed with the analgesia the new drug induced, as
was his patient. However, his journal notes on the case
indicated his concern over the possible adverse effects
of anesthesia on labor and delivery1:

It will be necessary to ascertain anesthesia’s precise effect, both
upon the action of the uterus and on the assistant abdominal
muscles; its influence, if any, upon the child; whether it has a
tendency to hemorrhage or other complications.

Thus began, more than a century and a half ago, perhaps
the longest-lived controversy in the history of obstetric
anesthesia, one that continues to this day in both academic
and lay circles.

OPTIONS

The modern debate has centered on several main issues:

1. Does regional analgesia for labor affect the length of
labor or the rate of cervical dilation? In particular, does
the timing of initiation of epidural analgesia play a role?

2. Does regional labor analgesia increase the risk of
instrumental vaginal delivery?

3. Does regional labor analgesia increase the risk of
cesarean section?

No definitive study has adequately addressed any of these
questions, and methodologic problems have plagued all
available evidence. The principal difficulty is that risk fac-
tors for dysfunctional labor also predispose a woman to
request an epidural. This chapter will review the available
literature, focusing on randomized controlled trials (RCTs)
but considering other forms of evidence, and will empha-
size the different conclusions reached by observational
and prospective randomized designs.

EVIDENCE

Evidence Regarding Rate of Cervical
Dilation and Timing of Initiation

Conventional wisdom holds that if started too early in
labor (during the latent phase), epidural analgesia may
markedly slow or even arrest the progress of labor.
Amazingly, this widely accepted clinical dogma has never
been proved in carefully performed studies. Its origin
can be traced to early case series of caudal or epidural anes-
thesia for labor, which probably resulted in dense sacral
as well as lumbar blocks. In these uncontrolled reports,
although some women in whom blocks were initiated
very early may not have progressed through labor, it is
unclear whether they would have progressedmore quickly
without the block.2

Some nonrandomized studies have found an asso-
ciation between earlier epidural placement and dystocia.
Thorp and colleagues3 compared various groups of
nulliparous women defined by their early cervical dilation
rate, their cervical dilation at the time of initiation of anal-
gesia, and the choice of epidural or alternative analgesia.
Among women with dilation less than 5 cm and dilation
rate less than 1 cm/hr, epidural analgesia was associated
with a sixfold increase in cesarean section for dystocia.
Other comparisons demonstrated smaller relative risks
or no difference. In a secondary analysis of the same
group’s randomized trial,4 the increased risk of cesarean
section was greatest in women requesting analgesia
earlier, though women were not randomly assigned to
dilation at time of initiation of analgesia. Using a case-
control methodology, Malone and colleagues5 identified
epidural initiation at less than 2 cm dilation as a signifi-
cant risk factor for prolonged nulliparous labor (odds
ratio [OR] 42.7). In a sophisticated observational study
using a variant of multivariate regression (propensity
score analysis) to control for multiple simultaneous
confounders, Lieberman and colleagues6 identified both
cervical dilation less than 5 cm and station less than 0 at
the time of epidural initiation as strong risk factors for
cesarean delivery.

Evidence from RCTs has failed to confirm this find-
ing (Table 68-1). Chestnut and colleagues7 randomized
women requesting epidural analgesia to early or late
groups (approximately 4 and 5 cm dilation). No differ-
ences in labor outcome were seen in either spontaneous
labors7 or induced labors.8 However, the early and late
groups in these studies were not markedly different in
their cervical dilation at the time of epidural placement.
Three more recent trials randomized women to early epi-
dural placement or opioids until later in labor9,10 or to
intrathecal opioids followed by later epidural initiation.11

In each case progress through the first stage of labor was
either equivalent or faster in the early group than in the
455



Table 68-1 Randomized Trials Comparing Early versus Later Epidural Initiation

CERVICAL DILATION IN CM (N) RESULTS

Author, Year Outcome Early Late Early Late p

Chestnut, 19947* First stage (min)
Second stage (min)
CS (%)
IVD (%)

4 (172) 5 (162) 329
85
10
37

359
88
8
43

NS
NS
NS
NS

Chestnut, 19948{ First stage (min)
Second stage (min)
CS (%)
IVD (%)

3.5 (74) 5 (75) 318
91
18
43

273
77
49
19

NS
NS
NS
NS

Luxman, 19989 First stage (min)
Second stage (min)
CS (%)
IVD (%)

2.5 (30) 4.5 (30) 342
41
7
13

317
38
10
17

NS
NS
NS
NS

Ohel, 200610 First stage (min)
Second stage (min)
CS (%)
IVD (%)

2.4 (221) 4.6(228) 354
95
13
17

396
105
11
19

.04

.12

.77

.63

Wong, 200511{ First stage (min)
Second stage (min)
CS (%)
IVD (%)

<4 (366) >4 (362) 295
71
18
20

385
82
21
16

<.001
.67
.31
.13

*Spontaneous labor; cervical dilation given as median.
{Oxytocin-receiving subjects; cervical dilation given as median.
{Subjects randomized at <4 cm to intrathecal fentanyl 25 mcg or IM þ IV hydromorphone; all subjects received epidural analgesia at second request for analgesia

(systemic group) or >4 cm or at third request for analgesia (intrathecal group).
CS, Cesarean section; IVD, instrumental vaginal delivery.
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later group. No differences in second-stage duration or
mode of delivery were found in any of the trials. The differ-
ence between the RCTs and the retrospective studies may
be due to selection bias, in that women requesting analgesia
earlier in labor may be experiencing pain due to anatomic
or physiologic factors predisposing them to dystocia.

The effect of epidural analgesia on cervical dilation in
established labor is probably minimal. Some earlier retro-
spective studies finding slower cervical dilation were
probably hampered by selection bias. Meta-analyses of
randomized trials of epidural analgesia versus opioid
analgesia have concluded that the first stage of labor is
not prolonged by epidural analgesia.12-14

Evidence Concerning Risk of Instrumental
Vaginal Delivery

The incidence of instrumental vaginal delivery may be
increased by epidural analgesia, though this practice var-
ies tremendously between obstetricians and hospitals.
Table 68-2 shows the results of 15 randomized trials,
published in English as full papers, comparing epidural
analgesia to systemic opioids. Seven of the trials found a
significant difference in rates. However, the overall use
of forceps varied from 0% to 55% in the opioid groups
and from 2% to 80% in the epidural groups, indicating
substantial variation in practice style. Indeed, meta-
analysis of randomized trials has found the total instru-
mental delivery rate to be 1.38 to 2.19 times more likely
in patients receiving epidural analgesia, but with a very
broad confidence interval indicative of the variation between
studies.12-16 Moreover, there is strong evidence that many
instrumental deliveries in epidural patients are done for rea-
sons other than dystocia, perhaps for teaching purposes.17

Most recently, Sharma and colleagues18 demonstrated in
one of the best randomized trials performed to date that the
rate of instrumental delivery was increased from 3% in a
group receiving intravenous opioids to 12% in the epidural
groupamong459 nulliparouswomen.Carefulwritten guide-
lines for the use of forceps were established before the study.

Evidence Concerning Risk of
Cesarean Section

Evidence regarding cesarean section represents the most
important aspect of the issue of the effect of epidural anal-
gesia on labor. Both randomized clinical trials and an
important type of observational study have been reported.
Data from 15 randomized trials reported in final form in
which epidural analgesia was compared with systemic
opioids are given in Table 68-2. Only one trial, when ana-
lyzed on an intent-to-treat basis, has found a difference in
the risk of cesarean section.4 One other, by Ramin and col-
leagues,19 was originally reported on a protocol-compliant
basis, after excluding from the analysis approximately one
third of the randomized patients. In this form, a signifi-
cant difference in cesarean section rates was observed.
Unfortunately, the reasons for noncompliance were not



Table 68-2 Randomized Trials Comparing Mode of Delivery with Epidural or Opioid Analgesia

RATE OF FORCEPS DELIVERYa RATE OF CESAREAN SECTION FOR DYSTOCIAb

Author, Year Parity Epidural Group Opioid Group p Epidural Group Opioid Group p

Robinson, 198054 Nulliparas
Mulitparas

17/28 (51%)
5/17 (30%)

8/30 (27%)
1/18 (6%)

<.02
NS

0 0 —

Philipsen, 198955 Nulliparas 1/57 (2%) 0/54 (0%) NS 10/57 (17%) 6/54 (11%) NS

Thorp, 19934 Nulliparas 4/48 (8.3%) 3/45 (6.7%) NS 8/48 (16.7%) 1/45 (2.2%) <.05

Ramin, 199519c Mixed 41/432 (10%) 13/437 (3%) <.0001 43/664 (6%) 37/666 (6%) NS

Bofill, 199717 Nulliparas 39/49 (80%) 28/51 (55%) .004 4/49 (4%) 3/51 (3%) NS

Sharma, 199756 Mixed 26/358 (7%) 15/357 (4%) NS 13/358 (4%) 16/357 (5%) NS

Clark, 199857 Nulliparas 24/156 (15%) 20/162 (12%) NS 15/156 (9.6%) 22/162 (14%) NS

Gambling,
199858d

Mixed
Nulliparas

51/616 (8%)
37/336 (13%)

34/607 (6%)
32/314 (13%)

.08 NS 39/616 (6%)
30/336 (10%)

34/607 (6%)
25/314 (9%)

NS
NS

Loughnan, 200059 Nulliparas 88/304 (29%) 81/310 (26%) NS 36/304 (12%) 40/310 (13%) NS

Howell, 200160 Nulliparas 55/184 (30%) 36/185 (19%) .03 13/184 (7%) 17/185 (9%) NS

Lucas, 200161e Mixed 51/372 (14%) 27/366 (7%) .005 46/372 (12%) 54/366 (15%) NS

Dickinson, 200262f Nulliparas 169/493 (34%) 148/499 (30%) NS 85/493 (17%) 71/499 (14%) NS

Sharma, 200218 Nulliparas 26/226 (12%) 7/233 (3%) <.001 13/226 (6%) 17/233 (7%) NS

Head, 200265e Mixed 3/56 (5%) 3/60 (5%) NS 7/53 (13%) 6/52 (12%) NS

Jain, 200363 Nulliparas 12/43 (28%) 8/83 (10%) <.01 9/45 (20%) 12/83 (14%) NS

Long, 200364 Mixed 1/30 (3%) 6/50 (12%) NS

aTotal forceps rate (outlet þ “low”) when separately reported.
bCesarean section rate for dystocia if separately analyzed, otherwise total cesarean section rate.
cRamin et al. was originally reported in 1995 only as a protocol compliant analysis, which is inappropriate in primary analysis of randomized trials. The data given

in the table are taken from the authors’ 2000 published reanalysis by intention-to-treat, the correct method, for cesarean section.9 Only protocol-compliant
analysis has been reported for forceps.

dCombined spinal-epidural vs. opioid.
ePatients with pregnancy-induced hypertension.
fControl group received continuous midwifery care and a variety of nonepidural analgesics; crossover to epidural group was 61.3%.
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given. It is likely that some excluded patients in the epidu-
ral group were low-risk patients who delivered quickly
without the need for analgesia. Conversely, some opioid
patients probably demanded epidural analgesia because
of inadequate analgesia during a protracted, painful labor
(i.e., high risk). Therefore the protocol-compliant analysis
probably overemphasized the difference between groups.
Indeed, the authors published a revised analysis on an
intent-to-treat basis that found no difference in cesarean
section, and is given in Table 68-2.20

Several meta-analyses of various groups of these RCTs
and sometimes including some reported only as abstracts
or in languages other than English are shown in Table 68-3.
Despite inclusion of different studies, these analyses have
consistently shown no difference in the total rate of cesarean
delivery or the rate of cesarean for dystocia.12-16

Another body of evidence concerns studies in which
the availability of epidural analgesia in an institution
has suddenly changed.21-31 The results of 11 such studies
are given in Table 68-4. None has found an association
between higher utilization of epidural analgesia and a
higher rate of cesarean section. Not surprisingly, meta-
analysis showed no association between greater avail-
ability of epidural analgesia and cesarean section.32

Though nonrandomized, these “sentinel event” or “natural
experiment” studies offer some unique insights. The
investigations span two decades and studied widely vary-
ing practice settings. All patients in the hospital are
included, so external validity is not a problem as it may
be with the RCTs. An assumption of these studies is that
the patient population and obstetric practice styles are
likely to change little, or at least slowly, when compared
with the sudden availability of epidural analgesia. This
assumption has generally proven valid but not all sentinel
event studies have addressed it directly, and some docu-
mented subtle changes in the patient population.28-31

Obstetric Practice Style

As evidence has accumulated discounting the direct effect
of epidural analgesia on labor, greater emphasis has been
placed on the role of the obstetric caregiver as the primary
determinant of the risk of cesarean section. One early
study demonstrated that after nulliparity, the greatest risk
factor for cesarean section among a cohort of women was
the identity of the individual obstetrician.33 Other investi-
gators have reported variation in cesarean section rates
between indigent patients and those with private health
insurance, despite similar rates of epidural analgesia
use.34,35 Three studies have reported 50% decreases in



Table 68-3 Meta-analysis of RCTs Comparing Epidural with Nonepidural Analgesia

Author,
Year

Number
of Trials Outcome

Number of Subjects
(Epidural/
Nonepidural) Epidural Nonepidural

OR, RR, or WMD (95% CI)
Epidural vs. Nonepidural

Halpern,
199812

10
5
6
7
9
2

First stage (min)
Second stage (min)
CS (%)
IVD (%)
IVD dystocia (%)

524/555
581/609
1183/1186
1155/1164
106/105

8.2
15.5
12.2

5.6
8.9
17.1

þ42 min (17-68)
þ14 min (5-23)
1.50 (0.81-2.76)
2.19 (1.32-7.78)*
0.68 (0.31-1.49)

Zhang,
199916*

4 First stage (min)
Second stage (min)
CS (%)
IVD (%)

397/409 1.19 (1.01-1.39)*
1.37 (1.07-1.76)*
1.66 (0.59-4.68)
1.57 (0.92-2.68)

Liu, 200415 7
4
7
6
4

Second stage (min)
CS (%)
IVD (%)
IVD nonelective (%)

1473/1489
1473/1489
1276/1300
1071/1087

64.5
12.1
27.8
27.3

49.3
11.3
22.2
22.2

þ15 min (2.1-28.2)*
1.18 (0.71-1.48)
1.63 (1.12-2.37)*
1.56 (0.99-2.46)

Leighton,
200213

14
7
8
14
12
3

First stage (min)
Second stage (min)
CS (%)
IVD (%)
IVD dystocia (%)

2161/2136
1012/1050
1068/1103
2161/2136
1813/1840
538/542

7.7
19.0
7.2

8.0
12.3
4.2

þ26 min (-8-60)
þ15 min (9-22)*
1.0 (0.77-1.28)
2.08 (1.48-2.93)*
1.53 (0.29-8.08)

Anim-
Somuah,
200514

21
9
11
20
11
17

First stage (min)
Second stage (min)
CS (%)
CS dystocia (%)
IVD (%)

1165/1163
1796/1784
3326/3308
2311/2295
3044/3118

11.0
6.3
19.3

10.2
7.0
14.2

þ24 min (-19-67)
þ16 min (7.5-24)*
1.07 (0.93-1.23)
0.90 (0.73-1.12)
1.38 (1.24-1.53)*

*Also analyzed observational studies and comparisons of epidurals continued or discontinued during second stage. Only trials comparing epidural with
nonepidural analgesia are included in the table. Pooled estimates of various parameters were not reported.

CS, Cesarean section; IVD, instrumental vaginal delivery.

Table 68-4 Sentinel Event Studies Comparing Cesarean Section Rate before and after a Rapid Change
in Epidural Availability

RATE OF CESAREAN SECTION (EPIDURAL RATE)

Author, Year Low Epidural Use Period High Epidural Use Period p

Bailey, 198321 7.1% (0%) 9.3% (27%) NS

Gribble, 199122 9.0% (0%) 8.2% (47%) NS

Larson, 199223 27.5% (0%) 22.9% (32%) NS

Mancuso, 199324 14.9% (19%) 12.3% (67%) NS

Johnson, 199525 18.4% (21%) 17.2% (71%) NS

Lyon, 199726 11.8% (13%) 10.0% (59%) NS

Fogel, 199827 9.1% (1%) 9.7% (29%) NS

Yancey, 199929 19.4% (1%) 19.0% (59%) NS

Impey, 200028 3.8% (10%) 4.0% (57%) NS

Zhang, 200130* 14.4% (1%) 12.1% (84%) NS

Vahratian, 200431* 18% (2%) 18% (92%) NS

*Zhang and Vahratian studied the same institution at slightly different time periods, and Vahratian confined the analysis to nulliparas admitted in spontaneous
labor and who received epidural analgesia at �4 cm dilation.
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hospital-wide cesarean rates by peer review, physician
education, and publishing individual obstetricians’ rates
of operation, while simultaneously doubling the rate of
epidural analgesia usage.36-38 Another found no correla-
tion between 110 individual obstetricians’ rates of cesar-
ean section and the rates of epidural analgesia utilization
among their patients.39 Two others have documented no
relationship between epidural rates and cesarean rates
across hospitals in Belgium and Sweden.40,41

However, indirect effects of the presence of a regional
analgesic block may affect obstetric decision making on
the mode of delivery. For example, it is well known
that patients with epidural blocks will experience a grad-
ual rise in temperature during the course of labor.42

Maternal fever or its consequences (e.g., fetal tachycardia)
may be one of the factors leading an obstetrician to
decide to perform a cesarean section.43 Similarly, most
anesthesiologists request that patients remain in bed after
an epidural block is initiated. Some obstetric caregivers
believe that ambulation speeds the progress of labor and
therefore that the presence of an epidural block could
indirectly slow the rate of cervical dilation. However,
controlled trials have failed to confirm a beneficial effect
of walking in labor, both in patients with and without
regional analgesia.44,45 Finally, it has also been suggested
that a patient who desires epidural analgesia may be one
who is more amenable to a more interventional manage-
ment of her labor, including assisted vaginal or cesarean
modes of delivery.

CONTROVERSIES

General Methodologic Difficulties

It is generally agreed that the ideal clinical study is
prospective, randomized, double-blind, and placebo-
controlled. No study of epidural analgesia’s effect on
labor and delivery has met this standard, and none prob-
ably ever will. By far the majority of studies meet none of
these criteria, but are instead retrospective comparisons of
women who self-selected epidural analgesia with those
who did not. Such comparisons introduce selection bias.
Bias is introduced by comparing two groups of patients
who do not share equivalent risk of the outcome being
studied. In this case, the outcomes of interest may include
the duration of labor, the need for oxytocin, or the risk
of cesarean section. Similar problems arise when looking
retrospectively at outcomes such as perineal trauma,
maternal fever, or neonatal sepsis evaluations.

Indeed, investigators have identified many characteris-
tics of patients requesting epidural analgesia that inde-
pendently predict longer labor and nonspontaneous
delivery. They are more frequently nulliparous, tend to
come to the hospital earlier in labor and with higher fetal
station, have slower cervical dilation before analgesia,
more frequently are already receiving oxytocin for induc-
tion or augmentation of labor, deliver larger babies, and
may have received epidural analgesia because of other
perceived risk factors for operative delivery such as poor
fetal status or maternal systemic disease.3,46-48 Floberg
and colleagues49 used radiographic pelvimetry to demon-
strate that women requesting epidural analgesia have
smaller pelvic outlets, an obvious risk factor for operative
delivery.

Another important and often overlooked difference is
the pain of labor itself. Pain in early labor is associated
with slower labor and forceps or cesarean delivery.50

Of course, more pain in labor is associated with a higher
likelihood of selecting epidural analgesia. Investigators
have also related the ongoing analgesic requirements of
patients who are already receiving epidural analgesia to
dysfunctional labor. These studies suggest that women
who require denser blocks or more “top-up” doses of local
anesthetic have slower labors and are at increased risk
of operative vaginal or cesarean delivery.51 Panni and
Segal52 further extended this observation by demonstrat-
ing a greater local anesthetic requirement in nulliparous
women in early labor who later go on to require cesarean
section for dystocia than in those who deliver vaginally.
Others have demonstrated similar findings in women
receiving patient-controlled intravenous meperidine for
labor analgesia.53

Several randomized, prospective trials comparing epi-
dural analgesia with an alternative (usually parenteral
opioids) have appeared.4,17-19,54-65 Although these studies
represent a far better approach than retrospective com-
parisons, there are still potential problems with them.
First, in none was a placebo control employed. Performing
randomized prospective trials with placebo controls may
raise ethical concerns, or at least it may be very difficult
to get patients to give their consent and minimize cross-
over between groups. Because parenteral opioids may
themselves affect the course of labor,66 these trials can-
not specifically define the influence of epidural analgesia
relative to natural childbirth. Nonetheless, the analgesia
is consistently better with epidural than systemic opioid
analgesia. Consequently, a second, essentially insurmount-
able problem is posed by the practical impossibility of
blinding patients and obstetricians, nurses, and anesthe-
siologists to the presence or absence of a functional epidu-
ral block. Since the decision to proceed with operative
delivery is ultimately a subjective clinical one made by
the obstetrician, the absence of blinding may be very
important. Obstetricians and midwives may not treat their
patients with epidural analgesia the same way they treat
those without it. For example, forceps-assisted delivery
may be more common among patients with epidural
analgesia partly because obstetricians know their patients
will be comfortable and have relaxed pelvic musculature
for the procedure.17

Third, several of the randomized trials have been
severely underpowered. Detecting a moderate difference
in typical cesarean section rates of 10% to 20% requires
several hundred patients per group. Many of the trials
that have concluded that epidural analgesia does not
affect the rate of cesarean section have studied only a
small fraction of this number. Hence their conclusions
could at least theoretically be due to the small sample
sizes involved.

Fourth, protocol noncompliance has been a persistent
problem. Approximately one third of patients in most ran-
domized trials do not ultimately receive the randomly
assigned treatment. Analysis of only protocol-compliant
patients introduces bias, because patients excluded from
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an epidural group may be low-risk patients progressing
easily through labor with minimal pain, whereas those
excluded from an opioid group may be high-risk patients
experiencing slow, painful labor. Analysis by intent-to-
treat, though correct, is complicated when such large
numbers of patients fail to receive their assigned analge-
sic, and at least further reduces the statistical power of
the study. One recent trial was both sufficiently powered
and achieved low crossover (8%).18

Finally, it may not be easy to extrapolate the findings of
even well-conducted randomized trials to the general
labor and delivery population (i.e., external validity).
Most parturients have strong opinions about their desire
for labor analgesia. Patients who do consent to rando-
mized trials (in which they have a 50% chance of being
assigned to not receive epidural analgesia) may make up
a subset of patients who are ambivalent about labor anal-
gesia, and thus not representative of the general labor and
delivery population.

GUIDELINES

The American College of Obstetricians and Gynecologists
(ACOG) has recently revised its guidelines for obstetric
anesthesia services. Previously, ACOG had suggested
that epidural analgesia be delayed until a cervical dilation
of 4 to 5 cm is reached. Anesthesiologists were not well
represented in the formation of these guidelines and the
evidence cited in support of them was incomplete.67

Recently, ACOG updated this statement, no longer endor-
sing a delay and explicitly disavowing consideration of fear
of increasing the risk of cesarean delivery.68 ACOG and the
American Society of Anesthesiologists have also jointly
endorsed a statement that “maternal request is a sufficient
medical indication for pain relief during labor” and that
epidural analgesia is usually the preferred method.69
AUTHOR’S RECOMMENDATIONS

l Methodologic problems are likely to continue to make definitive
answers to the controversies of the effects of epidural analgesia
on labor elusive.

l Earlier administration of epidural analgesia does not cause
longer labor or an increase in operative delivery. In the absence
of a contraindication, women should be offered an epidural
whenever labor pain is intensive enough to elicit a request for
analgesia.

l Epidural analgesia minimally affects the progress of established
labor. Second stage is prolonged approximately 15 minutes; first
stage may not be prolonged at all, or at most less than 30
minutes.

l Instrumental vaginal delivery is probably increased by effective
epidural analgesia. Variation in obstetric practice style, how-
ever, makes it difficult to assess the magnitude of this risk for
any given patient.

l The risk of cesarean section is not increased by epidural
analgesia.

l Appreciation of indirect effects of the presence of an epidural
on the practice style of obstetricians or the decision-making
process of patients may further our understanding of the
possible effects of epidural analgesia on labor outcome.
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Does Anesthesia Increase
the Risk to the Parturient
Undergoing Nonobstetric
Surgery?

Donald H. Penning, MD, MS, FRCP
Anesthesia during pregnancy is a fairly common event.
It is estimated that up to 2% of pregnant women will
undergo surgery during pregnancy, but that figure is
probably low because underreporting is common, or the
patient may not know she is pregnant at the time of sur-
gery.1 One study of adolescent patients documented an
overall 1.2% pregnancy rate, which increased to 2.4% in
patients greater than 15 years old.2 Appendectomy and
cholecystectomy are the most common surgical proce-
dures performed.3,4 The anesthetic considerations include
maternal safety, fetal toxicity including teratology, fetal
asphyxia, and preterm labor.5 The independent, detrimen-
tal effects from anesthesia alone are poorly understood.
This is understandable because maternal anesthesia rarely
if ever occurs without surgery (and vice versa). The stress
of surgery; the duration, location, and nature of the sur-
gical event; and the underlying pathophysiology of the
surgical condition, in addition to anesthetic effects, all
play a role in the overall risk to the mother. Though not
a risk to the parturient per se, some new information on
the fetal toxicity of anesthesia is included in this edition.

The anesthetic implications of nonobstetric surgery is a
well-reviewed topic, and many of the standard texts deal
with it well.6,7 This chapter explores areas where there is
confusing or recent literature and where controversy still
exists. Specific topics include how, when, and why to
monitor the fetus during and after surgery; the risk to
the fetus from exposure to anesthetic agents, including
maternal occupational exposure to trace gases; and a
discussion of the effect of mode of abdominal surgery
(i.e., laparoscopic versus open laparotomy) on fetal outcome.

EVIDENCE

Monitoring the Fetus during Surgery

Fetal heart rate (FHR) and uterine contraction monitoring
are frequent dilemmas in nonobstetric surgery. The usual
problems are logistic and medical. The proposed site of
surgery may interfere with monitoring. Vaginal ultra-
sound probes have been used when the abdominal wall
cannot be used. The issue of who will perform and
evaluate the fetal tracing is also a common problem. Most
anesthesiologists are either uncomfortable in this role or
do not wish to have their attention diverted from the
mother. In most hospitals, a labor and delivery room
nurse stays with the patient to interpret the FHR and uter-
ine contraction tracing in the operating room (OR) and
into the recovery period. Commonly, these skilled per-
sonnel are in scarce supply so there can be considerable
production pressure to reduce, or in some cases omit,
the monitoring altogether.

The principal goals of monitoring are to identify fetal
compromise and preterm labor. Both these goals are
problematic. Electronic FHR monitoring has been used
by obstetricians for many years to assess fetal well-being
in labor. The use of electronic FHR monitoring has not
been shown to be superior to intermittent auscultation
in fetal assessment.8,9 Nevertheless, FHR monitoring com-
bined with the current medicolegal climate is the major
reason for the increase in cesarean delivery rate in the
United States and other countries. It is estimated that
the false-positive rate for performing a cesarean section
to prevent a case of cerebral palsy using electronic FHR
monitoring is 99.8%.10 With this in mind, is it reasonable
to ignore FHR monitoring for nonobstetric surgery? Not
necessarily. It is often incorrectly argued that FHR moni-
toring is unnecessary or cumbersome in a given patient
because “we wouldn’t do a cesarean section anyway”
if an FHR abnormality was detected either because the
surgery was impractical or because the fetus was pre-
viable. However, although immediate cesarean section
may not be useful or practical, there are many possible
therapeutic options short of cesarean delivery that can
be employed. Changes in patient position, maternal
cardiovascular manipulations to improve placental blood
flow, and increasing fetal oxygenation via increasing
maternal oxygenation (via manipulating ventilation or
hemoglobin concentration) may have a salutary effect on
the fetus. The detection of uterine contractions could lead
the anesthesiologist to deepening anesthetic depth, thus
decreasing uterine tone and improving the uteroplacental
circulation for the fetus. Alternatively, FHR monitoring
may be useful in defining the limits of manipulations that
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can be safely employed. For example, permissive hypoven-
tilation, hemodilution, or hypotension might be required,
and the FHR serves as a rough guide for threshold values
that are permissible. No absolute agreed-on values exist in
these circumstances. Rather than expressing “threshold
values” in terms of fetal health, most clinicians prefer terms
such as “lack of nonreassuring FHR abnormalities.” Such
carefully worded phrases reflect the reality of the poor pre-
dictive value of FHR analysis and the medicolegal environ-
ment in the United States and elsewhere.

The reliability of FHR monitoring is gestational age–
dependent. It is often possible as early as 18 weeks of
gestation but generally only reliable after 22 weeks.11,12

The kinds of surgery amenable to monitoring are gener-
ally nonabdominal cases, but, as mentioned, vaginal
ultrasound has been used even in these situations. The
interpretation of the FHR trace requires knowledge of
the effects of anesthetic agents. Except under situations
of very light sedation, most narcotics and general anes-
thetics decrease or obliterate long- and short-term FHR
variability,11 hence one is left interpreting changes in base-
line FHR. Thus, tachycardia (greater than 160 beats/min),
bradycardia (less than 100 beats/min), or decelerations in
conjunction with uterine contractions are the main diag-
nostic criteria remaining under general anesthetics. The
question as to how long one should measure FHR follow-
ing surgery is also controversial. The most common moni-
toring period is 12 to 24 hours, but again data are lacking.

Anesthetic Toxicity to the Fetus,
Including Teratology

The majority of anesthetic agents cross the placenta and
enter the fetal circulation. The major exception is the
muscle relaxants, which are highly charged and generally
do not cross to the fetus in clinically important amounts.
Halogenated general anesthetics, such as isoflurane or
halothane, rapidly cross the placenta, but fetal levels
remain lower than maternal for a significant period of
time.5 At least in sheep, the values for minimum alveolar
concentration (MAC) appear to be lower in the fetus than
in the mother.13 Excessive levels of inhalation anesthetics
may depress cardiac output in the fetus, possibly leading
to progressive fetal acidosis. The exact level at which this
may occur has been studied in fetal lambs but is much less
well understood in humans. In sheep, maternal adminis-
tration of 1.5% halothane reduced fetal blood pressure
but was without significant effect on fetal cardiac output,
acid-base balance, or brain blood flow.14,15 With 2% iso-
flurane there was no significant decline in fetal cardiac
index or any progressive fetal acidosis.16 This should be
contrasted with an older fetal lamb study that showed
1.5% halothane or 2% isoflurane reduced fetal blood pres-
sure and led to progressive fetal acidosis.17 If this were not
confusing enough, what about exposure to anesthetic
agents in the already compromised fetus? Again there
are conflicting data. In one experiment there were no det-
rimental effects,18 but in another there was aggravation of
fetal acidosis.19 These fetal experiments are not easy to per-
form, and they exhibit a large degree of variability. The
individual variations in experimental methodology
explain much of the conflicting results without actually
clarifying which is “right.” Factors such as gestational
age, adjunct anesthetic agents, and other uncontrolled rea-
sons for fetal compromise make the prediction of anes-
thetic effects and their extrapolation to human subjects
difficult. However, it seems likely that long exposure to 1
MAC or less of an inhalation agent is probably safe.

In order for a drug to have a teratogenic effect it must
be given to a susceptible species, at a critical dose, and
at a critical period of development.20 Animal studies can
be very useful in establishing potential risk in humans,
but results can be misleading. For instance, benzodia-
zepines in high doses can be associated with oral clefts
in animals but not in humans at clinically relevant
dosages.21,22

The actual effect of anesthetic agents themselves on
fetal development, particularly in earlier gestation, is
an area of great concern but also great controversy. New
drugs themselves are almost never tested for detrimental
fetal effects in humans before release. They usually carry
general admonitions on the label such as “use in preg-
nancy is not recommended unless the potential benefits
justify the risks to the fetus.”21 At the very earliest stage
of gestation there is some incomplete information on the
effects of anesthetic agents. For instance, data exist in
humans that assisted reproductive techniques such as
in vitro fertilization (IVF) are more successful in narcotic
MAC cases than some general anesthetics.23,24 However,
comprehensive, evidence-based information on anesthesia
and IVF technology is largely incomplete.

The fetal consequences resulting from environmental
or workplace exposure to anesthetic agents is an impor-
tant but hard-to-study topic. Vecchio and colleagues25

have recently summarized a great deal of work in this
area. There have been numerous epidemiologic studies
performed in health care workers. For example, OR per-
sonnel exposed to trace nitrous oxide and isoflurane levels
had increased chromosomal and lymphocyte abnormal-
ities compared with nonexposed personnel.26 The authors
ranked the genetic risk equal to that of smoking 11 to
20 cigarettes daily. The same group studied in vitro tests
of occupational exposure. Genotoxicity was assessed
by the formation of micronucleated lymphocytes in 25
anesthetists and anesthetic nurses, compared with a
group of nonexposed personnel of the same hospital.
There was an increased fraction of micronucleated lym-
phocytes per 1000 binucleated cells in the high-level
exposure group (median 14.0, range 9.0 to 26.7 versus
median 11.3, range 3.2 to 19.4; p <0.05) but not in the
low-level exposure group (median 9.8, range 4.2 to 20.0
versus median 10.5, range 5.0 to 20.5). They concluded
that a high-level exposure to inhaled anesthetics is
associated with an increase in chromosome damage. Fur-
ther, a high level of occupational exposure to inhaled anes-
thetics was associated with genotoxicity (as defined by
formation of micronucleated lymphocytes), whereas a low-
level exposure (within National Institute of Occupational
Safety and Health [NIOSH] limits) was not.27

A number of large epidemiologic studies have
reviewed this issue. In one large retrospective study (by
questionnaire), 8032 personnel exposed to anesthetic gases
in ORs and recovery rooms in Ontario (Canada) hospitals
were compared with 2525 nonexposed hospital staff.
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The response was 78.8% for the exposed and 87.2% for the
unexposed personnel during the study period (1981–
1985). Logistic regression analysis, with age and smoking
standardized, showed that women in the exposed group
had significantly increased frequencies of spontaneous
abortions, and their children had significantly more con-
genital abnormalities (p <0.05). No chronic disease was
significantly associated with the exposed group. The
authors concluded that it is prudent to minimize exposure
to waste anesthetic gases.28 A large study was performed
by Boivin29 to determine the association between maternal
occupational exposure to anesthetic gases and risk of spon-
taneous abortion. He performed a meta-analysis of pub-
lished epidemiologic studies identified from literature
reviews, unsystematic perusal of reference lists of relevant
publications, and two Medline searches (1984–1992, key-
words: anaesthetic gases; anaesthetics; anaesthetics, local;
operating rooms; operating room nursing; pregnancy;
abortion; 1985–1992, keywords: anaesthetics; adverse
effects; occupational exposure; anaesthesia, inhalation;
operating room nursing; pregnancy; abortion). All peer-
reviewed studies were retained. Student theses were
excluded, as were conference abstracts, unpublished mate-
rial, and two studies in which data on paternal and mater-
nal occupational exposures were pooled. Overall, 24
comparisons between exposed and unexposed women
were obtained from 19 reports. From these, the relative risk
of spontaneous abortion was estimated. The overall rela-
tive risk was 1.48 (95% confidence interval [CI], 1.4 to
1.58). To test whether this result was influenced by the
quality of the studies, the validity of the reviewed papers
was rated on the basis of three criteria: appropriateness of
the unexposed comparison group, control for nonoccupa-
tional confounding variables, and response rate. The esti-
mate of risk increased to 1.9 (95% CI, 1.72 to 2.09) when
analysis was restricted to the six comparisons that were
rated the most rigorous. In summary, the author found that
epidemiologic studies based on data obtained in the pre-
scavenging era indicate an increased risk of spontaneous
abortion. Despite the limitations of meta-analysis, the
results of this large study indicate that the OR may be a
dangerous environment. Some of the previous studies
indicate that attention to scavenging to NIOSH standards
may help reduce the risk to exposed personnel and their
offspring. The overall contribution of risk factors apart
from anesthetic agents is harder to control for. Personnel
in the OR are commonly subjected to a stressful environ-
ment, surrounded by pathogens, and working long hours
where a premium is placed on endurance. It remains to
be seen if subsequent studies will identify risks in the
OR beyond or in conjunctionwith anesthetic agents. At this
time it seems prudent to comply or do better than comply
with published NIOSH standards.

Of recent concern are the effects of many anesthetics on
fetal and neonatal brain development. One prominent neu-
roscientist has recently suggested that anesthetic agents
cause developing neurons to commit suicide.30 Most
general anesthetics studied can, under experimental condi-
tions in neonatal or fetal laboratory animals, either kill
brain cells or increase apoptotic processes. This includes
drugs such as isoflurane, benzodiazapines, nitrous oxide,
ethanol, phencyclidine, propofol, ketamine, and even barbi-
turates.31 Ketamine and propofol have received much
of the attention as a neurotoxic agents. The ketamine con-
troversy was the subject of a review and the conclusion
was that ketamine remains a valuable drug that should
not be abandoned.32 The U.S. Food and Drug Administra-
tion (FDA) produced a review of the available literature
to assess risk in pediatric patients requiring anesthesia.33

The authors state, “The FDA views this communica-
tion as opening a dialog with the anesthesia community
to address this issue.” The review highlights the lack of
human data corroborating the laboratory findings but finds
the laboratory data compelling enough to warrent concern
and further research. A volume of a recent major anesthetic
journal was largely devoted to the issue. McGowan and
Davis34 summarized the issues in an accompanying edito-
rial. This will clearly be a hot subject area for research in
the coming years.

Laparoscopic Abdominal Surgery in Pregnancy

The use of laparoscopic surgery in pregnancy has
increased with overall experience and the evolution of
improvements in laparoscopic technique and equipment.
What is unclear is whether this approach confers any
benefit or risk to the mother or fetus. The topic of safety
and risks of laparoscopy in pregnancy has been recently
reviewed.35 Well-documented advantages of laparoscopic
surgery include decreased blood loss, decreased post-
operative analgesia requirements, shorter hospital stays,
and an earlier return to normal activities.36 Because many
acute surgical problems (e.g., appendicitis) are more diffi-
cult to diagnose during pregnancy, laparoscopic diagnos-
tic procedures may make it possible to rule out a problem
at decreased maternal and fetal morbidity. Earlier mobili-
zation after laparoscopic procedures may decrease throm-
boembolic events, to which pregnant women are more
prone.37

Possible disadvantages include direct uterine or fetal
injury from trocar insertion, alterations in maternal and
fetal blood gases through direct absorption of CO2, and
hypoventilation secondary to interference with dia-
phragmatic excursion. Additionally, excessive abdominal
pressure may lead to decreased uterine blood flow by
reducing venous return and decreasing cardiac output or
by restricting uterine venous drainage, thus decreasing
the gradient to uterine flow unless there is a concomitant
increase in mean uterine arterial pressure.

The laparoscopic approach has been used successfully
during pregnancy in many common abdominal pro-
cedures, including some in the first trimester.38 Less
common, yet successful, applications during pregnancy
include a laparoscopic splenectomy in a morbidly obese
woman39 and several patients undergoing transabdominal
cervical cerclage procedures.36 Although these successful
cases demonstrate the potential value of laparoscopy,
no large series exist that demonstrate its clear superiority,
for mother or fetus, over open procedures. A case series
describes seven patients undergoing either appendectomy
or cholecystectomy between 12 and 33 weeks of gesta-
tional age.40 All the patients had general anesthesia and
CO2 insufflation to 12 mm Hg. The surgery was
successful in all cases, and each pregnancy ended in full-
term, healthy babies. No long-term follow-up was pro-
vided. Rizzo40 has published the 1- to 8-year follow-up
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of 11 laparoscopic cases in pregnancy. All cases were
performed between the sixteenth and twenty-eighth
weeks of pregnancy. CO2 insufflation pressure was main-
tained at 10 mm Hg, and the case duration ranged from
25 to 90 minutes. Surgery was performed for appendec-
tomy (3 patients), cholecystectomy (5 patients), or diag-
nostic laparotomy with intraoperative diagnosis of small
bowel obstruction (2 patients). Another patient was con-
verted to open laparotomy because the adhesion could
not be approached because of excessive uterine size. All
surgeries were successful, and all patients undergoing
laparoscopic surgery were discharged in under 48 hours.
The one open laparotomy patient spent 5 days in the
hospital. All patients, even those previable at surgery,
were monitored for 24 hours postoperatively. All preg-
nancies reached term, and all babies were healthy at birth.
Chart review and telephone follow-up for 1 to 6 years has
revealed no medical problems or failure to thrive in the
offspring. No details are provided regarding the quality
or extent of the follow-up. The opinion of the authors
was that “laparoscopic surgery in pregnancy is now prov-
ing to be safe and efficacious.” As more experience is
obtained, laparoscopy may become the standard of care.

Several attempts have been made to explore the
maternal-fetal physiology of laparoscopy in pregnancy.
One such study explored the fetal response to CO2

pneumoperitoneum using the instrumented fetal sheep.
The study was performed in 110-day gestation fetal sheep,
which is considered midgestation (term is 147 days). This
is important because the results may not apply later
when the uterus is larger and abdominal compliance is
reduced. Laparoscopy was performed under general anes-
thesia under controlled ventilation. The abdomen was
insufflated to 20.7 mm Hg. Maternal and fetal blood gases
and organ blood flows (using radioactive microspheres)
were determined at set intervals. It was calculated that
maternal perfusion pressure decreased 22%, inferior vena
cava pressure rose 53%, and maternal placental blood
flow decreased 61% from control measures after 1 hour
of insufflation. All these findings were statistically signifi-
cant. Despite these findings, fetal placental blood flow,
perfusion pressure, and blood gases were unchanged,
as were maternal blood gases. No mention of fetal brain
blood flow was made. These results prompted the authors
to conclude that the sheep fetus has enough reserves to
tolerate 1 hour of insufflation to 20 mm Hg. This should
not be extrapolated to human fetuses or later gestational
ages or fetuses that may be chronically stressed or with
decreased reserves. Two studies by a different surgical
group addressed the fetal cerebral effects of laparoscopy
in pregnancy. Both these studies were performed in pre-
term pregnant guinea pigs. The first study measured fetal
brain histology 3 to 5 days after an in utero exposure to
40-minute laparoscopic CO2 insufflation.41 Animals were
divided in three groups: anesthesia only, CO2 pneumo-
peritoneum (5 mm Hg), or laparotomy. The fetal brains
were harvested 3 to 5 days later and fixed for histologic
examination. A separate animal underwent laparotomy
and 20 minutes of total uterine artery occlusion as a posi-
tive control. There were two main findings: there was no
increase in maternal/fetal morbidity in any of the groups,
and CO2 pneumoperitoneum at 5 mm Hg for 40 minutes
did not produce any detectable fetal brain injury. This
same group did a further study to examine for early post-
natal behavioral deficits that may exist but not manifest in
histologic evidence of brain injury.42 The experiments
were similar except the pneumoperitoneum was 7 mm Hg
for 45 minutes. The experimental group exhibited hyperac-
tivity significantly more than the control group at postnatal
days 10 and 20. What this means for humans is uncertain
but does raise potential concerns. The use of laparoscopic
surgery in pregnancy is on the rise and offers many poten-
tial advantages. However, more physiologic research is
necessary to properly evaluate the potential risks.
GUIDELINES

There are no authoritative guidelines for anesthesia for
nonobstetric surgery. One must rely on the comprehen-
sive chapters in the major texts cited earlier and take into
account the normal physiologic changes of pregnancy to
determine the risk of anesthesia for the parturient under-
going nonosbstetric surgery. In general, one should avoid
aorta-caval compression after 20 weeks, limit drugs to
those with a demonstrated track record of safety in preg-
nancy, and regard each pregnant woman as a potential
aspiration risk. Fetal monitoring should be employed if
staffing and surgical site allow. The duration of monitor-
ing into the recovery period and use of tocolytic agents
is unclear. Operating and recovery room facilities should
be periodically monitored for waste gas scavenging and
appropriate NIOSH standards observed. As far as laparo-
scopic surgery during pregnancy is concerned, the bene-
fits probably outweigh the risks, but care must be taken
to avoid trocar injury and the lowest possible insufflation
pressures should be used.
AUTHOR’S RECOMMENDATIONS

l Remember to check pregnancy tests where available before
anesthesia and surgery.

l Long exposures to 1 MAC or less of inhalation agents are
probably safe for mother and fetus.

l Pregnant women should avoid unnecessary exposures to
anesthetic agents in the workplace, but if that is unavoidable,
NIOSH standards are probably safe and the risk, if any, is very
small.

l Laparoscopic surgery during pregnancy is likely a useful
modality that will continue to find a place in the surgical
approach to some conditions. Scrupulous care should be
taken to avoid excessive abdominal distending pressures
(greater than 20 mm Hg is suggested, although definitive
data are lacking). If surgery is anticipated to be long or
difficult, early consideration of open laparotomy seems
reasonable.

l FHR and uterine contraction monitoring can be useful
and should not be reserved for viable pregnancies only.
If monitoring is practical, it is possible for the surgical and
anesthetic team to tailor their actions, taking fetal responses
into account.

l Anesthetics render FHR beat-to-beat variability unreliable,
and only changes in baseline FHR should be considered.
FHR monitoring is generally not reliable before 18 weeks
of gestation and is most useful at or beyond 22 weeks of
gestation.
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Infant for Outpatient Surgery?
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INTRODUCTION/BACKGROUND

Outpatient surgery accounts for a significant percentage
of anesthetics delivered annually in the United States.
Many pediatric procedures, including myringotomy and
tubes, endoscopy, circumcision, and hernia repair, are
performed in infants and may occur on an outpatient
basis.

Apnea is the most common serious adverse event after
general anesthesia in an infant. Premature and former
premature infants are at higher risk of apnea than healthy
term babies; there is little evidence regarding apnea risk
in term patients. In addition, infants (younger than 1 year)
are at higher risk of intraoperative anesthetic cardiac
arrest and other complications,1 and require careful anes-
thetic management by practitioners with training and
ongoing experience in this population.

PATHOPHYSIOLOGY

Apnea of prematurity is found in 50% of premature
infants, and is almost universal in infants who are
1000 g at birth. Clinically significant apnea in infants is
defined as breathing pauses of 20 seconds, or 10 seconds
with bradycardia or oxygen desaturation. However,
there is no consensus as to what is pathologic in terms
of the duration of apnea, degree of change in oxygen
saturation, and severity of bradycardia, and the relation-
ship with conditions such as gastroesophageal reflux is
unclear.2

In the perioperative setting, 1982 brought Steward’s
publication of a small series of infants having herniorrh-
apy, which showed that preterm infants were more prone
to apnea and other airway complications.3 A larger pro-
spective study of infants having general anesthesia for a
variety of procedures found that a much higher propor-
tion of premature infants required postoperative ventila-
tion.4 The authors postulated that “anesthetics may
unmask a defect in ventilatory control of prematurely
born infants younger than 41–46 weeks conceptual age
with preanesthetic history of idiopathic apnea.” Apnea
of prematurity and postoperative apnea are primarily cen-
tral in nature, although a minority of children have an
obstructive or mixed pattern.
EVIDENCE

Overall Risk in Pediatric Anesthesia

Few studies specifically address risk in infants for out-
patient surgery. Patel and Hannallah5 assessed anesthetic
complications in a large series of pediatric outpatients
and did not note any specific issues in approximately
350 patients under 6 months of age.

Further evaluation of overall risk requires extrap-
olation from studies of particular patient populations
or from adverse outcomes in infants who are not necessar-
ily outpatients. Several studies have demonstrated an
increased incidence of complications in infants (younger
than 1 year of age) compared with other pediatric age-
groups. A prospective survey of 40,240 anesthetics in
infants and children from 1978 to 1982 found an overall
complication rate of 4.3% in infants compared with 0.5%
in children 1 to 14 years of age; the cardiac arrest rate
was 1.9% in infants compared with 0.2% in the older
patients.6 Risk increased with increasing ASA status and
in emergency procedures; the majority of “accidents” in
the infant group occurred during the maintenance of anes-
thesia and were initiated by respiratory events. Analysis
of anesthetics conducted in more than 29,000 children
from 1982 to 1987 found a high incidence of adverse
events in very small infants (younger than 1 month), but
patients were more likely to have a higher ASA status
and/or be undergoing major cardiac or intraabdominal
surgery.7 A large prospective French audit reflecting
currently available drugs and monitoring techniques
showed that respiratory events accounted for 53% of all
intraoperative events, and that there remains a higher
risk of adverse events in infants compared with older
children.8

Analysis of closed claims information as published in
1993 showed that pediatric claims were more often related
to respiratory events, and the mortality rate was greater
than in adults.9 The complications in pediatric cases were
more frequently thought to have been preventable with
better monitoring. Analysis of pediatric closed claims
from 1990 to 2000 showed a decrease in the proportion
of respiratory claims, particularly those for inadequate
oxygenation and ventilation, compared with pediatric
claims from the earlier period.10
469
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The initial observations from the closed claims data led
to the creation of the Pediatric Perioperative Cardiac
Arrest (POCA) Registry.1 Basic demographic information
from participating institutions was submitted along with
case reports of cardiac arrest. Although overall denomina-
tor data are available, more specific information such as
breakdown of anesthetic agents in all cases or qualifica-
tions of the anesthesia caregivers is not. The incidence of
cardiac arrest for the institutions studied for the first
report (1994 to 1997) was 1.4 per 10,000 anesthetics, with
a mortality rate of 26%. Cardiac arrest occurred most often
in patients less than 1 year of age and in patients with
severe underlying disease. Patients with concurrent dis-
eases and those having emergency surgery were most
likely to have a fatal outcome. In patients who were
ASA status 1 or 2, 64% of the cardiac arrests were medica-
tion related; two thirds of the medication-related arrests
were due to cardiovascular depression from halothane
alone or in combination with other drugs. Cases from
the POCA registry for the years 1998 to 2004 demon-
strated a declining proportion of cardiac arrest related to
medications, in parallel with the transition from halothane
to sevoflurane in clinical practice.11

Apnea Risk

Term Infants

There is relatively little specific evidence about apnea
risk following anesthesia in term infants. Some evidence
exists for individual procedures, which is not generaliz-
able, but may help in setting limits for outpatient surgery.
Infants with pyloric stenosis require admission because of
the need for preoperative fluid resuscitation and the risk
of postoperative apnea (related to metabolic abnormal-
ities). Data from 60 full-term neonates and infants under-
going pyloromyotomy showed a significant incidence
of apnea (27% preoperatively and 16% postoperatively),
some in patients with normal preoperative pneumo-
grams.12 Although currently not considered appropri-
ate for outpatient surgery because of airway concerns,
Stephens and colleagues13 report a retrospective analysis
of 50 neonates (3 to 56 days; 11 former prematures of less
than 45 weeks postconceptual age) having cleft lip repair
who had minimal respiratory complications.13 Ongoing
reassessment of practice and refinement of techniques,
however, continue to lead to additional procedures being
done in a short-stay or day-surgery setting in selected
patients: 23-hour admission has been described for other-
wise healthy, nonsyndromic patients having primary cleft
palate surgery at ages from 6 to 20 months.14 Large
population studies are needed to truly evaluate risk.

Premature Infants

The bulk of evidence regarding apnea risk after anesthesia
relates to former premature infants rather than term babies.
A number of small case series tried to more accurately
define risk; the data from several of these were pooled into
a “combined analysis” in 1995 by Coté and colleagues.15

The combined series contains data from 255 former pre-
term infants having general anesthesia for inguinal hernia
repairs; infants receiving caffeine were excluded. Using a
standardized definition of apnea (greater than 15 seconds
without bradycardia, or less than 15 seconds when accom-
panied by bradycardia), they looked for associated risk fac-
tors to better define the population at risk. There was
considerable variation between institutions in the reported
incidence, which was thought to be related to differences in
monitoring techniques. The combined analysis showed
that apnea was strongly and inversely related to both ges-
tational age and postconceptual age, and that continuing
apnea at home and anemia were also risk factors. No asso-
ciation was found with a number of other historical factors
or anesthetic variables, but this may have been due to the
relatively small numbers.

The Coté combined analysis does not define a strict
cutoff age for all patients, but rather defines confidence
intervals for the risk of apnea at various combinations of
gestational and postconceptual age. For nonanemic
infants free of recovery room apnea, the probability of
apnea was not less than 1% until postconceptual age 56
weeks with gestational age 32 weeks, or postconceptual
age 54 weeks with gestational age 35 weeks. The authors
note that individual clinicians must decide on acceptable
risk in a given practice setting.

Some question the clinical relevance of apnea detected
only by sophisticated monitoring techniques, and one
group has published a series of 124 former preterm infants,
including 67 patients below 46 weeks of postconceptual
age, where those having uncomplicated anesthetics were
discharged after an average recovery room stay of 94 min-
utes with no apparent adverse consequences.16 One epi-
sode of apnea, responsive to stimulation, was noted in
an infant on an apnea monitor at home. A retrospective
review of respiratory complications in 57 former prema-
ture infants having hernia repair noted that all instances
of postoperative apnea/bradycardia and laryngospasm
occurred within the first four hours postoperatively.17

Caution is urged in generalizing these findings without
larger studies to demonstrate the safety of outpatient care
in this patient population.
Methylxanthines. A prospective randomized trial of caf-
feine versus placebo for apnea of prematurity in 2006
infants with birth weights of 500 to 1250 g showed that
fewer caffeine-treated infants required supplemental oxy-
gen (36% versus 47%) and treated infants had positive
airway pressure discontinued on average 1 week earlier.18

The follow-up phase of the same study showed a modest
improvement in survival, and a modest decrease in the
incidence of cerebral palsy and cognitive dysfunction, in
caffeine-treated very low birth weight infants.19

Caffeine has been shown to decrease the risk of apnea
in former premature infants undergoing general anes-
thesia, but studies are relatively small. Welborn and col-
leagues20 randomized 32 former preterm infants (37 to
44 weeks postconceptual age) to receive either caffeine
10 mg/kg or placebo in conjunction with general anesthesia
for inguinal hernia repair. No patients in the caffeine group
had postoperative bradycardia, prolonged apnea, periodic
breathing, or postoperative oxygen saturation less than
90%; 81% of patients in the control group had prolonged
apnea at 4 to 6 hours postoperatively.20 Systematic review
of the available studies concluded that evidence supports
that caffeine reduces apnea risk, but that because of small
numbers and questionable clinical significance of apneic



Table 70-1 Summary of Meta-analysis on Prophylactic Caffeine to Prevent Postoperative Apnea
following General Anesthesia in Former Preterm Infants

Study,
Year

Number of
Trials

Number
of Subjects Intervention Control Outcomes

Ref. 21,
2001

3 78 Caffeine (10 mg/kg in two
studies, 5 mg/kg in one)

Placebo Apnea/bradycardia occurred in fewer treated
infants. In two studies, oxygen desaturation
was evaluated; fewer episodes occurred in the
treatment group.
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episodes in clinical trials to date, caution should be used in
applying these results to routine clinical practice21

(Table 70-1).
Anesthetic Technique and Apnea Risk. In a prospective
comparison by Welborn and colleagues,22 spinal anes-
thesia alone had a lower incidence of postoperative apnea
and bradycardia in former preterm infants when com-
pared with spinal plus sedation, or general anesthesia.
Other studies have confirmed a lower incidence of oxygen
desaturation and bradycardia,23 although Krane and
colleagues24 did not find a difference in the incidence
of central apnea, suggesting that airway obstruction may
also play a role in postoperative clinical events. The inci-
dence of apnea after unsupplemented spinal anesthesia
in former premature infants is low25; however, cardio-
pulmonary events occur frequently enough in this popu-
lation26 to warrant postoperative observation as for
general anesthesia. A Cochrane review analyzed four
small trials comparing spinal with general anesthesia in
the repair of inguinal hernia in former preterm infants27

(Table 70-2). The authors found no significant difference
in the proportion of infants having postoperative apnea/
bradycardia or oxygen desaturation. Meta-analysis sup-
ported a reduction in postoperative apnea in infants having
spinal anesthesia without sedation, as well as a borderline
significant decrease in the use of postoperative assisted
ventilation.

The majority of studies of spinal anesthesia in former
preterm infants used comparison with older volatile
agents, primarily halothane; however, a comparison with
sevoflurane still showed a lower incidence of postopera-
tive cardiorespiratory complications with spinal anesthe-
sia.28 Because both groups received supplemental caudal
analgesia, this study actually examined whether a “light”
general anesthetic with caudal block would lower the risk
to the same level as with unsupplemented spinal, and
found that it did not.
Table 70-2 Summary of Meta-analysis on Regional v

Study,
Year

Number of
Trials

Number
of Subjects Intervention

Ref. 27,
2003

4 108 Spinal anesthesia (local
anesthetic only)
Clonidine has good safety and efficacy in children for
caudal block, but several case reports have suggested that
it is associated with postoperative apnea.29,30 A prospec-
tive series of term and preterm infants having spinal anes-
thesia with bupivacaine and clonidine found a significant
increase in apneic episodes postoperatively but no change
in the incidence of desaturation31; there was not a study
group without clonidine.

Regarding general anesthetic agents, one study com-
paring halothane with remifentanil for infants undergoing
pyloromyotomy found that none of the 38 patients receiv-
ing remifentanil developed new pneumogram abnormal-
ities after anesthesia, whereas 3 of 22 infants receiving
halothane did.32 Coté and colleagues15 did not find a spe-
cific influence of opioids on postoperative apnea, but note
that very few of the infants in their study received
opioids. In a comparison of general anesthetic techniques
in term and former preterm infants less than 60 weeks of
postconceptual age having hernia repairs, patients having
thiopental or halothane induction with desflurane mainte-
nance had significantly shorter times to extubation than
those having the entire anesthetic with either halothane
or sevoflurane. None of the 40 infants in this study had
significant postoperative apnea.33 A prospective compari-
son of sevoflurane and desflurane in former premature
infants having hernia repair found no difference in the
incidence of respiratory events, and no difference between
the preoperative and postoperative incidence of apnea in
either group.34

Expertise of Anesthesia Providers

Although not extensively studied, some evidence suggests
fewer adverse outcomes in the hands of anesthesiolo-
gists with frequent ongoing experience in anesthetiz-
ing children. Keenan and colleagues35 found a lower
incidence of bradycardia in infants when a pediatric
ersus General Anesthesia in Preterm Infants

Control Outcomes

General Volatile plus
muscle relaxant

Significant reduction in postoperative
apnea for unsupplemented spinal
anesthesia



472 Section IX PEDIATRIC ANESTHESIA
anesthesiologist was present. Mamie and colleagues36

showed a lower incidence of respiratory complications in
the hands of pediatric anesthesiologists. The exact defini-
tion of a pediatric anesthesiologist, and how to best
balance adequate ongoing practice with broad avail-
ability, remains controversial.37 The American Academy
of Pediatrics Section on Anesthesiology38 has stated that
anesthesiologists “providing or directly supervising the
anesthesia care of patients in categories designated by
the facility’s Department of Anesthesia as being at
increased anesthesia risk should be graduates of an
ACGME pediatric anesthesiology fellowship training pro-
gram or its equivalent or have documented demonstrated
historical and continuous competence in the care of such
patients.” (See below, under Guidelines.)

CONTROVERSIES

Current evidence does not define an exact “safe” age for
former premature infants to be discharged after general
anesthesia, nor does it completely delineate the appro-
priate length of postoperative monitoring for general
anesthesia with or without caffeine, or for spinal anesthe-
sia. There is a lack of consensus on what constitutes a
“significant” postoperative apnea event, and different
studies report apnea in different ways (i.e., absolute num-
ber of episodes, versus change from preoperative).
Although evidence supports an advantage to the use of
spinal anesthesia in former premature infants, the opti-
mal anesthetic/analgesic regimen for all infants is not
known.

In addition, the overall postoperative risk in healthy
term infants having outpatient surgery is not well deli-
neated although apnea risk after minor procedures
appears to be low.

GUIDELINES

There are no formal practice guidelines from major
anesthesia or pediatric organizations regarding outpatient
surgery in infants. However, many individual hospi-
tals have developed such guidelines, particularly for ex-
premature infants. These frequently establish a cutoff
age of 50 to 56 weeks of postconceptual age in infants born
before 37 weeks, and may also consider factors such as
anemia, prior apnea, and coexisting disease. Postoperative
monitoring recommendations range from 12- to 24-hour
admission for cardiorespiratory monitoring to include
oxygen saturation, heart rate, and impedance pneumo-
graphy. Some facilities also restrict the lower age for day
surgery procedures to above 44 to 46 weeks of postconcep-
tual age in term infants, or require a longer observation
period (e.g., 4 hours) in phase II recovery.

A practice guideline from the American Academy of
Pediatrics Section on Anesthesiology does have implica-
tions for facilities providing anesthesia care for infants.
The document “Guidelines for the Pediatric Perioperative
Anesthesia Environment” makes recommendations for
facilities, equipment, and provider considerations in car-
ing for various classes of pediatric patients, and recom-
mends that patients considered by the facility to be at
“high risk,” including small infants, be cared for by
anesthesiologists with fellowship training or expertise
based on ongoing experience.38 The American Society of
Anesthesiologists has made similar recommendations.
AUTHOR’S RECOMMENDATIONS

KEY FINDINGS BASED ON DATA

l Postoperative apnea in former premature infants is inversely
proportional to both gestational age and postconceptual age.

l Caffeine decreases the risk of postoperative apnea in former
premature infants.

l Spinal anesthesia without sedation has a lower incidence
of postoperative apnea in premature infants than general
anesthesia or spinal with sedation.

l No specific general anesthetic agent or regimen has been shown
to be superior in minimizing complications in former premature
infants.

l Anesthesia for healthy term infants having simple surgical
procedures appears to be safe on an outpatient basis, although
there are few data.

SPECIFIC CLINICAL RECOMMENDATIONS

l Appropriate short-acting anesthetic agents may facilitate
emergence and discharge.

l Where possible, regional anesthetic techniques and nonopioid
analgesics should be used instead of opioids.

l A loading dose of caffeine citrate 20 mg/kg may decrease
postoperative apnea in former premature infants.

l If the surgical procedure is suitable, consider spinal anesthesia
without sedation in former premature infants; however,
postoperative monitoring is still recommended in the at-risk
age range.

l Former premature infants should be admitted for observation
unless they are over 54 to 56 weeks of postconceptual age
(depending on degree of prematurity) and are without anemia,
ongoing apnea, or other significant medical problems. Infants
meeting these criteria need also to have had an uneventful
anesthetic and recovery room course to allow consideration of
discharge. More refined recommendations regarding exact
postconceptual age and gestational age can be made on an
individual patient basis using data from Coté’s combined
analysis.15

l Term infants are acceptable for outpatient procedures
providing they are otherwise healthy, the procedure is not
likely to result in significant physiologic changes or postopera-
tive pain requiring opioid medications, and the anesthetic
proceeds uneventfully. It may be prudent to monitor these
patients in the recovery area for several hours postoperatively
(Figure 70-1).

l All infants should be cared for in a facility with adequate and
appropriately sized equipment, and medical and nursing staff
with appropriate expertise and adequate ongoing experience in
caring for this age-group.
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Figure 70-1. Algorithm for Infants Younger Than 6 Months of
Age Having Outpatient Surgery
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 Should a Child with a Respiratory
Tract Infection Undergo Elective
Surgery?

Christopher T. McKee, DO; Lynne G. Maxwell, MD; and
R. Blaine Easley, MD
INTRODUCTION

Acute respiratory infections are one of the leading medical
causes for surgery cancellation in children.1 Anesthesiolo-
gists are often confronted with patients demonstrating
symptoms of upper respiratory tract infections (URIs;
runny nose, congestion, cough, etc.) and lower respiratory
tract infections (LRIs; crackles, rales, wheezing, sputum
production) on the day of surgery. Additional pressures
to proceed with anesthesia and surgery despite respira-
tory symptoms often involve nonmedical issues, which
may be social, emotional, and even financial in nature,
and these pressures can come from the patient’s family,
the surgeon, and the hospital.1

What is the evidence regarding risk of proceeding
with anesthesia and surgery in the face of acute URI/
LRI symptoms? Many large retrospective studies have
shown an increased risk for adverse intraoperative and
perioperative events such as croup, laryngospasm, and
bronchospasm.2,3 Physiologic experiments in animals
and humans have shown increased small airway reactiv-
ity during and after viral respiratory tract infections.4-7

Although the exact mechanisms are unknown, it appears
that the airways are affected for up to 6 weeks following
a viral respiratory infection.

Another confounding issue in dealing with respiratory
tract infections in children is the frequency with which
they occur. The average child less than 5 years of age is
reported to suffer from five to six URIs per year with a
duration of 7 to 10 days of active symptoms and residual
pulmonary effects of 2 to 6 weeks.8 This creates a practical
problem of children becoming reinfected as often as every
2 weeks, especially during the winter months. Adverse
respiratory events such as bronchospasm and laryngo-
spasm have been shown to occur more frequently in all
pediatric patients even in the absence of respiratory infec-
tions, especially in children under 1 year of age. Pediatric
patients have an incidence of laryngospasm of 17.4 per
1000 in ages 0 to 9 years, which increases in patients with
reactive airway disease to 63.9 per 1000. The ratio rises to
95.8 per 1000 when children have a history of respiratory
tract infections.3 Children with underlying chronic pulmo-
nary diseases (e.g., reactive airway disease, asthma, cystic
fibrosis, and lung disease of prematurity) have been shown
to have an increased risk for perioperative events such as
prolonged intubation, reintubation, hypoxemia, broncho-
spasm, and laryngospasm.9-13 There is some evidence that
risk of airway events is also increased in children who are
exposed to secondhand smoke even in the absence of a
history of reactive airway disease or infection.14

OPTIONS

Although there is a great deal of anecdotal information in
the literature concerning adverse events in children with
respiratory infections,15,16 the clinical dilemma of manag-
ing those patients who are demonstrating symptoms of
URI or LRI persists for many practitioners. Numerous
studies have attempted to elucidate the risks of anesthesia
in children with respiratory infections. The following
studies and their results are reviewed to better under-
stand the current state of anesthetic care for infants and
children with respiratory tract infections, as they relate
to the following issues:

1. Appropriately identifying children with acute or recent
respiratory tract infections

2. Evidence to proceed with a general anesthetic in
children with and without endotracheal intubation

3. Evidence to support delaying nonemergent surgery for
2 weeks or up to 6 weeks

EVIDENCE FOR PERIOPERATIVE RISK OF
CHILDREN WITH RESPIRATORY INFECTIONS

No randomized prospective studies have evaluated the
different management options and the relationship to
perioperative respiratory complications in acutely symp-
tomatic children or in those who are recovering from a
respiratory tract infection. The studies that have been done
have been limited to patients having brief outpatient proce-
dures. There are no studies to evaluate children with URI
who undergo prolonged or invasive procedures to address
the possibility of benefit from delaying versus proceeding
with nonurgent surgery. Therefore one must rely on cohort
studies for determining the clinical evidence that exists for
management of children with symptomatic and resolving
respiratory tract infections (Table 71-1).
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Table 71-1 Overview of Study Design and Findings of Major Studies Involving Risk of General Anesthesia in Children with URI

Study Design

Number of
Patients
Studied

Number of
Children
with URI

Number of
Children with
Recent URI Intubation LMA Facemask

Adverse
Events Conclusions

Tait
(1987)17

Retrospective 3585 122 133 Yes Yes L, B, S, A No increased risk if URI, no difference between ETT
versus facemask, if recent URI had a 3 times higher
rate of bronchospasm

Tait
(1987)19

Prospective 489 78 84 No Yes L, Dy, A No increased rate of complications in groups with
acute or recent URI

DeSoto
(1988)21

Prospective 50 25 — Yes Yes D If URI present, increased risk for desaturation

Cohen
(1991)25

Prospective 22159 1283 — Yes Yes Yes L, B, S, A If URI then 2 to 3 times more likely to have event,
11 times more likely if URI and ETT

Rolf
(1992)23

Prospective 402 30 — Yes Yes Yes L, B, D If URI then increase in minor desaturation, if URI
and ETT then higher frequency of bronchospasm

Kinouchi
(1992)22

Prospective 61 20 — No Yes D, A Desaturation occurs more frequently in young
children and is of longer duration

Levy
(1992)20

Prospective 130 22 28 No Yes D If acute or recent URI then an increased risk for
desaturation

Schreiner
(1996)24

Case control 15183 30 17 Yes Yes Yes L Laryngospasm was more likely to occur in patients
with URI, younger children, no correlation between
mask versus ETT versus LMA

Skolnick
(1998)14

Prospective 602 ? ? Yes Yes L, B, S, A Increased risk for adverse events if URI, smoking
exposure increase

Tait
(1998)26

Prospective 82 82 ? Yes Yes Yes C, A, L, B,
D

LMA suitable alternative to ETT

Homer
(2007)27

Prospective 335 ? ? Yes Yes Yes D, C

Tait
(2001)43

Prospective 1078 407 335 Yes Yes Yes B, L, A, C,
D

Child with active or recent URI at increased risk for
adverse events, but most can be safely anesthetized

A, apnea/breath holding; B, bronchospasm; C, coughing; D, desaturation; Dy, dysrhythmia; ETT, endotracheal tube; L, laryngospasm; LMA, laryngeal mask airsay; S, stridor; URI, upper respiratory tract infection.
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Appropriately Identifying Children with
Respiratory Tract Infections

The diagnosis of a respiratory tract infection is made based
on symptoms. There are no laboratory tests or radiographic
findings that make the diagnosis more or less accurate. As
mentioned earlier, symptoms can involve the upper respira-
tory tract, the lower respiratory tract, or both (Table 71-2).
Unfortunately, other chronic conditions such as nasal
foreign body or allergic rhinitis can occur acutely with simi-
lar symptoms as a respiratory tract infection. There are no
published guidelines on diagnosing a child with a respira-
tory tract infection. Studies have used varying definitions
ranging from rigid criteria to simply asking parents, “Does
your child have an upper respiratory tract infection?” An
early study by Tait and Knight17 used two symptoms of
the following list for the diagnosis of URI. These were sore
or scratchy throat, sneezing, rhinorrhea, congestion, mal-
aise, cough, fever (greater than 38.3�C), or laryngitis. The
most prevalent and statistically significant symptoms for
URI were sneezing (24.4%, n ¼ 78), congestion (53.8%, n ¼
78), and nonproductive cough (76.9%, n ¼ 78), more com-
mon when compared with asymptomatic controls. In a later
study, Tait and colleagues18 surveyed 212 pediatric anesthe-
siologists and found the following symptoms being used
by anesthesiologists in diagnosing respiratory tract infec-
tion. The single symptoms used as contraindications to
surgery were fever (64%, n ¼ 125), productive cough
(62.4%, n ¼ 121), wheezing (80.3%, n ¼ 163), and rales
and/or rhonchi (78.2%, n ¼ 151). Further, the most fre-
quently cited combination of symptoms resulting in cancel-
lation of the case were fever and productive cough (45.4%)
or fever and yellow/green rhinorrhea (40.5%). Of note, the
average temperature cutoff for cancellation of surgery was
100.8�F (38.3�C). After deciding if a patient is acutely symp-
tomatic, one must also consider how tomanage a “recently”
symptomatic child. The following studies often use a 1- to 2-
week period after resolution of acute symptoms as having a
“recent” or “resolving” URI. This is one of the confounding
elements in dealing with these studies.
Table 71-2 Signs and Symptoms of Respiratory Trac

Mild URI Seve

History No fever
Minimal cough
Clear runny nose
Sneezing

Mala
Fever
Puru
Sneez
Coug

General examination Nontoxic appearance
Clear runny nose

Toxic
Mala
Fever

Pulmonary
examination

Clear lungs þ/– upper airway
congestion

Mayb
Uppe
conge

LRI, lower respiratory tract infection; URI, upper respiratory tract infection; þ/–, m
Evidence to Proceed with General Anesthesia
in Children Not Requiring Endotracheal
Intubation with Symptoms of Acute and
Resolving Respiratory Tract Infection

A prospective cohort study by Tait and Knight19 of 489
patients investigated the prevalence of respiratory compli-
cations in children with URI, or recent URI, undergoing
general anesthesia by facemask. No increased rate of com-
plications (laryngospasm, dysrhythmia, or apnea) was
found in the URI children (n ¼ 243) when compared with
the control group.19

Tait and Knight17 also retrospectively evaluated the
prevalence of adverse perianesthetic respiratory events
(stridor, laryngospasm, and bronchospasm) in 3585 chil-
dren; 122 had an active URI, and 133 had recent URI
symptoms. No increased rate of respiratory complications
during and after anesthesia was noted in the symptomatic
group when compared with historical controls, but a
threefold increase in bronchospasm and laryngospasm
was demonstrated in the patients with a history of recent
URI regardless of intubation requirement.17

Levy and colleagues20 prospectively studied 130 children
undergoing general anesthesia by facemask with either
acute or recently resolved URI symptoms. They demon-
strated an increased incidence of hypoxemia (despite oxy-
gen administration) during transport to the postanesthesia
care unit (PACU) in both the acutely infected and recently
infected groups when compared with children without
URI. Increased rates of desaturation persisted in the acutely
infected group during their stay in the PACU.

Though some respiratory events still occur in children
with a URI undergoing general anesthesia by facemask,
the risk for laryngospasm and bronchospasm does not
appear to be significantly increased, though the incidence
of desaturation intraoperatively and postoperatively may
be higher. It would seem that the decision to proceed with
elective surgery can be made with caution, but there is
less risk for adverse respiratory events if endotracheal
intubation of children with URI symptoms is avoided.
t Infections in Children with URI and LRI

re URI LRI Allergic Rhinitis
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lent coryza
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Severe cough
Sputum production
Wheezing þ/–
fever

Atopy
Seasonal history
Sneezing

appearance
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þ/– toxic
appearance
Tachypneic
þ/– irritability

No fever
Allergic shiners
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Evidence to Proceed with General Anesthesia
in Children Requiring Endotracheal Intubation
with Symptoms of Acute and Resolving
Respiratory Tract Infection

Endotracheal intubation in patients with acute or recent URI
symptoms has been shown in a variety of studies to be asso-
ciated with a higher incidence of adverse respiratory events
such as perioperative hypoxia, bronchospasm, and laryngo-
spasm.An increased incidence of intraoperative andpostop-
erative hypoxemia in children with an acute URI has been
well studied and demonstrated in children.

DeSoto and colleagues21 prospectively studied 50 chil-
dren (25 with URI) ages 1 to 4 years who underwent
general anesthesia and found that 20% (n ¼ 5) of the
URI group had postoperative hypoxemia (defined as
SpO2 <95%) (p <0.03). Of note, no supplemental oxygen
was being administered in the recovery period unless
desaturation was noted. Another study of hypoxemia in
children with URI by Kinouchi and colleagues22 found
that the time period for desaturation to SpO2 95% in pre-
oxygenated children was 30% shorter during induction
in those with an acute respiratory infection.

Rolf andCote23 conducted a prospective studyof 402 chil-
dren who were either asymptomatic (n ¼ 372) or symptom-
atic with nonpurulent coryza URI (n ¼ 30) undergoing
general anesthesia. They compared perioperative events
such as desaturation, laryngospasm, and bronchospasm
between the two groups and found a higher frequency of
minor desaturations (SpO2 <95% for 60 seconds or more)
and a higher frequency of bronchospasm in patients with
URI who had endotracheal tubes placed for surgery.23

Schreiner and colleagues24 performed a case-control study
to examine whether children who experienced laryngo-
spasm were more likely to have a URI on day of surgery.
URI symptoms were evaluated by questionnaire in 15,183
children. Laryngospasm was found to occur more often in
children with active URI, in children of young age (less than
1 year of age), and in childrenwhose anesthetics were super-
vised by less experienced attending anesthesiologists.24

Cohen and Cameron25 conducted a large prospective
study involving 22,159 children. URI symptoms were
present in 1283 of these children with a two to seven times
higher incidence of respiratory events intraoperatively
and postoperatively when compared with asymptomatic
children. They also found that the use of an endotracheal
tube in a child with URI symptoms increased the risk for
adverse respiratory events by elevenfold.25

Based on these studies and the strong correlation
demonstrated between adverse events and URI symptoms
in the setting of endotracheal intubation, the decision to
delay elective surgery that requires general anesthesia
with endotracheal intubation seems prudent until the
adverse effects of the infection have resolved.

Evidence to Proceed with General Anesthesia
in Children Using a Laryngeal Mask Airway
with Symptoms of Acute and Resolving
Respiratory Tract Infection

Some surgical procedures that require endotracheal intu-
bation may be amenable to airway management using a
laryngeal mask airway (LMA). In a series of 82 patients,
Tait and colleagues26 in an observational study demon-
strated that use of LMA (n ¼ 41) in place of endotracheal
intubation (n ¼ 41) had a significantly lower incidence of
mild bronchospasm (12.2% versus 0%, p <0.05). There
was no significant difference in larygnospasm, coughing,
breath holding, or oxygen desaturation.26 The coughing
observed on emergence following LMA usage was subjec-
tively thought to be less severe than with endotracheal
tube (ETT) usage in this study. Further, the authors
demonstrated no difference in the incidence of complica-
tions with endotracheal extubation under deep anesthesia
versus awake, although the incidence of complications
was higher for the ETT groups compared with LMA
(adverse events 40.5% ETT versus 24.2% LMA, p <0.05).
There are no randomized controlled trials comparing the
effects of deep versus awake endotracheal extubation in
patients with URI.

Homer and colleagues,27 using data collected from sev-
eral prospective studies, showed that airway management
had an impact on postanesthetic respiratory complica-
tions, such as laryngospasm, desaturation, and coughing
(p ¼ 0.003). When compared with LMA removed at a deep
level of anesthesia, deep endotracheal extubation had a
higher incidence of adverse respiratory events (odds ratio
[OR] ¼ 2.39). The protective effect of LMA was minimized
when the airway device was removed with the patient
awake. This same study showed that use of facemask
alone decreased such events (OR ¼ 0.15).27

Based on the available evidence, there may be a role for
the use of LMA anesthesia in children with URI symptoms.
In patients in whom mask anesthesia would be cumber-
some, LMAmay be a suitable alternative. Although it does
carry more risk for laryngospasm, bronchospasm, and
desaturation when compared with facemask, it appears to
have a lower incidence in comparison with endotracheal
intubation regardless of circumstance (whether removed
awake or during deep anesthesia).

Evidence for Delaying Surgery 2 to 6 Weeks
following an Acute Respiratory Infection

The majority of anesthesiologists who choose to delay an
elective surgery will establish a period of time that must
pass before they believe the child will be “safe” or at a
“lower risk” to undergo anesthesia. The exact duration
of time is unknown. Physiologic studies performed in
animals studying respiratory infections and anesthesia
demonstrate alterations in arterial oxygen tension, distri-
bution of ventilation and perfusion, shunt, and functional
residual capacity before and after viral infection. The exact
mechanism is unknown. Perhaps it is a convergence of
multiple processes such as changes in airway secretions,28

smooth muscle responsiveness to tachykinins,29 and
altered muscarinic receptors.30 Studies in adults evaluat-
ing pulmonary function tests before and following a respi-
ratory tract infection have shown changes in small airway
hyperreactivity that persist for up to 7 weeks31 and
general respiratory muscle weakness for up to 12 days.32

Similar pulmonary function test changes have been
demonstrated in children ages 6 and older with upper
respiratory infections.6
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Skolnick and colleagues14 prospectively studied 499 chil-
dren, of whom 26.8% had some history of passive smoke
exposure, who received general anesthesia. Adverse respi-
ratory events or complications were identified as severe
coughing on induction/emergence, desaturation to SpO2

less than 95% in the operating room, breath holding,
severe coughing in the recovery room, and laryngospasm.
The incidence of respiratory complications was 44%
in smoke-exposed children compared with 25.5% in non–
smoke-exposed children. However, children with an active
URI were not found to have an increased risk of events
whereas patients with a recent URI and passive smoke
exposure had a higher incidence of events. Presence of a
URI in this study was determined only by parental sur-
vey. As mentioned earlier, Tait and Knight17 found that a
threefold increase in bronchospasm and laryngospasm
was demonstrated in patients with a recent history of URI
regardless of intubation requirement. These findings would
suggest that waiting would eliminate the higher risk of
these adverse events. Unfortunately, no study has deter-
mined a correlation between duration of surgical delay,
severity of respiratory tract symptoms, and a decreased
incidence of respiratory complications.

In summary, these studies fail to generate a con-
sensus.33-39 They do suggest a higher risk of developing
laryngospasm, bronchospasm, and desaturation events
with endotracheal tube placement in acute and recently
infected children. Also, both physiologic and patient-
based studies provide evidence that supports the decision
to delay surgery for 2 to 6 weeks following a respiratory
tract infection in children, especially in the presence of
high risk factors (e.g., reactive airway disease and presence
of increased nasal congestion/sputum).
Continued
CONTROVERSIES

One area of difficulty raised by these studies is defining
and differentiating symptoms for acute and recent respi-
ratory tract infections. Attempting to define the condition
is easy; however, the particular symptoms used to make
the diagnosis and assigning severity to those symptoms
is difficult within a single study. Importantly, the defini-
tion of “respiratory tract infection” and “resolving respira-
tory tract infection” differed greatly between studies and
makes comparison difficult.

A criticism that exists for all the aforementioned stud-
ies is their failure to identify alternative causes of “runny
nose” and “cough.” Children can have other underlying
diseases that mimic the symptoms of an “acute URI.”
For instance, both allergic rhinitis or foreign body can
cause a runny nose and should be sought as possible etiol-
ogies and not incorrectly diagnosed as URI.

Although many texts and articles cite an increased inci-
dence of pulmonary complications in children with under-
lying concomitant chronic medical disease and URI, there
are no data in the literature to support this notion. Children
with conditions such as congenital heart disease, asthma,
and cystic fibrosis are commonly identified as being at
increased risk for anesthetic complications. Whether the
presence of an acute or recent respiratory tract infection fur-
ther increases anesthetic risk has not been well studied. One
study in children with asthma and URI symptoms under-
going anesthesia with and without endotracheal tube place-
ment demonstrated no increased incidence of adverse
events.10 Another study on children with congenital heart
disease undergoing cardiac surgery who had URI symp-
toms evaluated the incidence of adverse respiratory events
compared with asymptomatic children undergoing similar
procedures and found no increased incidence, and actually
an improvement in symptoms.39 Further studies need to be
performed to better understand if anesthetic risk is
increased in children with chronic diseases such as asthma,
cystic fibrosis, and congenital heart disease who experience
URI. However, current biases and perceptions in anesthetic
practice may make such studies difficult.

GUIDELINES

There are no formal practice guidelines regarding man-
agement of patients with respiratory tract infections from
any major pediatric or anesthesia society. The difficulty
of providing a consensus statement or practice guideline
is perhaps accented by a survey by Tait and colleagues,18

sent 400 questionnaires to members of the Society for
Pediatric Anesthesia (SPA). Of the 212 respondents, 35%
reported seldom canceling cases secondary to URI symp-
toms versus 20% indicating they usually canceled in the
event of a URI. Factors considered to be of major impor-
tance were urgency of surgery, underlying asthma, pro-
cedure requiring intubation, fear of perioperative
complications, and past experience anesthetizing patients
with URI. Delay of surgery was up to 4 weeks for URI
symptoms and greater than 4 weeks for LRI symptoms.
The single symptoms identified as contraindications to
surgery were fever, productive cough, wheezing, and
rales and/or rhonchi. Currently, the only published
“guidelines” are for general pediatric practitioners when
evaluating children immediately before surgery, but these
“guidelines,” for reasons stated earlier, are not evidence
based.40
AUTHORS’ RECOMMENDATIONS

The following suggestions have been derived from the aforemen-
tioned studies. These recommendations are neither clinical guide-
lines nor a consensus statement and should not replace clinical
judgment, but they should serve as a guide to help anesthesiolo-
gists make a rational decision with parents, surgeons, and
patients. As with all children, the perioperative evaluation can
serve as an important time to screen children for risk factors for
anesthetic complications and begin educating parents about the
anesthetic and operative process.41-43 However, the absence of a
visit for preoperative evaluation does not eliminate the need for
an exchange of information between families and the center,
which should occur before the day of surgery. Efforts should be
made to make parents aware of the problems with respiratory
tract infections and anesthesia, and parents should be encouraged
to call before the day of surgery to discuss the symptoms and pos-
sible need for delay with the anesthesiologist and surgeon. There
may be a role for pediatricians and other primary care practi-
tioners to play in the process of perioperative evaluation and
education.



AUTHORS’ RECOMMENDATIONS—Cont’d Emergency
surgery

Yes No

LRI
symptoms

Systemic symptoms
fever >38.5° C

malaise and/or <2
weeks since LRI

YesNo

YesNo

General
anesthesia

required

No Yes

Endotracheal
intubation
required

No Yes

Proceed
mask or LMA

Other risk factors:
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First, an emergency case mandates judicious airway manage-
ment and logically must proceed regardless of the presence or
absence of respiratory symptoms. In patients undergoing elective
(nonurgent) surgery, initial consideration should be with respect
to the severity of respiratory tract symptoms (Figure 71-1). Acute
symptoms, such as runny nose and cough, must be differentiated
from chronic symptoms related to underlying diseases such as
allergic rhinitis (clear runny nose) and asthma (cough). Often,
careful questioning of parents can differentiate acute from chronic
symptoms. Patients with severe symptoms such as fever greater
than 38.4�C, malaise, productive cough, wheezing, or rhonchi
should be considered for delay of elective surgery. A reason-
able period of delay would be 4 to 6 weeks. If mild symptoms
are present, such as nonproductive cough, sneezing, or mild nasal
congestion, surgery could proceed for those having regional or
general anesthesia without endotracheal tube placement. The
intraoperative plan should include early use pulse oximetry, deci-
sion of facemask or LMA use, and careful suctioning of the nasal
and oropharynx under deep anesthesia before emergence. Addi-
tional management considerations for patients with URI or LRI
undergoing anesthesia include hydration status, use of airway
humidification, and the potential benefit of pharmacologic agents
to help with airway secretions and airway hyperreactivity (e.g.,
anticholingerics and beta-agonists). However, for those patients
who require ETT placement for anesthesia, especially children
less than 1 year of age, it is important to identify risk factors such
as passive smoke exposure and underlying conditions (asthma,
chronic lung disease, etc.) because these children may benefit
from a slight delay of 2 to 4 weeks. Finally, those patients with
resolving respiratory tract infections with severe symptoms or
mild symptoms should have the same relative waiting periods
fulfilled to minimize risks of proceeding with surgery (i.e., 2 to
4 weeks after resolution of minor URI and 4 to 6 weeks after res-
olution of severe URI or LRI).
Proceed Delay 4 to
6 weeks

Figure 71-1. Clinical Decision Tree for Proceeding with Surgery in
Children with Respiratory Tract Infections.
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 Optimal Postoperative Analgesia
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INTRODUCTION

For several decades before the 1980s, postoperative pain
management in the United States was fairly standardized.
Mild-to-moderate pain was treated with acetaminophen
or a nonsteroidal antiinflammatory drug (NSAID), and
moderate-to-severe pain was treated with intermittent,
intramuscular opioids as needed. In the 1980s, the options
for managing postoperative pain expanded. When endog-
enous opioids and their receptors were identified in the
late 1970s, the value of neuraxially administered opioids
was realized, and epidural analgesia became popular.
During the 1980s and 1990s, infusion pump technology
improved dramatically; microprocessors became increas-
ingly miniaturized, and infusion pumps became portable.
As a result, patient-controlled analgesia (PCA) became
practical and started to enjoy widespread use.

Brian Ready and his colleagues introduced the concept
of a formalized acute pain service to provide coordinated,
interdisciplinary acute pain care.1 This prompted investi-
gation into the process of patient care and its impact
on pain outcomes.2 Interest was also generated on the use
of multimodal analgesia, rather than reliance on one single
treatment modality. This opened the door to further inves-
tigations into the use of nonopioid analgesics, including
NSAIDs, acetaminophen, and gabapentin, in the peri-
operative period.3 The goal of therapy was not necessar-
ily to replace opioids with these medications, but rather
to improve acute pain control and lower the incidence
and severity of chronic pain following selected surgical
procedures.

We have seen a renewed interest in the perioperative
use of regional anesthesia for acute pain control, made
possible by the development of ultrasound guidance
techniques that appear to improve the efficacy and safety
of these blocks.4 The trend in postoperative pain manage-
ment appears to be away from systemic opioids and
toward multimodal analgesic techniques.

When the era of evidence-based medicine dawned at the
end of the twentieth century, most existing trials of postop-
erative painmanagement compared newer approaches (epi-
dural analgesia, PCA, and adjunctive use of NSAIDs) with
conventional analgesia, often defined as systemic opioids.
Therefore early attempts at formulating an evidence-based
approach to postoperative pain management focused on
assessing whether these new approaches offered superior
analgesia, or a better effect on surgical outcome, compared
with conventional analgesia. As a result, our first attempts
at providing evidence-based recommendations focused on
assessing the outcomes associated with the use of a single
approach to postoperative pain management.5

There are many factors, some of which are not obvious,
that can affect the results observed in clinical trials. The
decisions made by health care providers throughout the
surgical period can affect outcomes in a number of ways,
from patient selection for the surgical procedure, to the
conduct of anesthesia and surgery, to the care provided
in the immediate postoperative period. Therefore variabil-
ity exists within and outside the context of pain care, and
this variability can have an impact on the outcomes of
pain-related clinical trials. This variability may also make
it difficult to document the outcomes related only to the
pain therapy of interest.

Many experts advocate the use of perioperative rehabil-
itation, often defined as the use of an integrated, inter-
disciplinary process of care for patients undergoing the
same kind of surgical procedure.6 With perioperative reha-
bilitation, a team approach is advocated. Pain management
is integrated into this care, and is often multimodal, no lon-
ger relying only on one pain therapy technique. Therefore
the way pain therapy is applied may well be another treat-
ment variable that has to be considered when evaluating
the outcomes associated with pain therapy.
TREATMENT OPTIONS

It is hard to imagine that 20 years ago patients under-
going major surgery would stay in the hospital for up to
2 weeks (sometimes longer); would stay immobile in bed
for days on end, unable to move because of severe pain;
and would not be given water or food until the bowels
started moving. Not surprisingly, the incidence of throm-
bosis, embolus, infarction, and infection was much higher
than it is today. Improvements in pain care have played
an important role in efforts to improve perioperative
outcomes.

The thrust of postoperative care has changed from
one of passively waiting for recovery to one of actively
encouraging a rapid return to normal function. Although
pain control is critical to rapid recovery, the clinician
must balance the risk of harm with the potential for
benefit. Although uncontrolled pain will delay a return
to normal function by making patients afraid to move,
breathe deeply, or cough, systemic opioids may delay
recovery by slowing the bowels, causing sedation, and
(rarely) causing clinically important compromise of
ventilation.
485
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An important role of postoperative pain management
is to maximize pain relief while minimizing side effects.
Treatment options are evaluated not only according to
their ability to provide satisfactory analgesia, but also
by their ability to promote recovery and rehabilitation.
In this chapter, we consider the evidence supporting the
use of intravenous patient-controlled analgesia, epidural
analgesia, and NSAIDs.

Outcomes associated with a pain treatment modality
will vary based on the specific characteristics of the patient,
as well as the procedure the patient is going to undergo.
The discussion in this chapter focuses on the evidence
supporting the use of individual analgesic techniques spe-
cified previously. However, guidelines have been recently
published regarding the evidence for the use of multi-
modal analgesic techniques in specific surgical proce-
dures,7 and more guidelines are under development.8
EVIDENCE

Epidural Analgesia

Epidural analgesia can be accomplished by infusing a
variety of drugs (typically low-dose local anesthetics and
opioids) into the epidural space. Epidural analgesia must
be distinguished from epidural anesthesia, which implies
dense epidural local anesthetic blockade and is gener-
ally reserved for intraoperative use. Conceptually, the
provision of epidural analgesia is an attractive means
of minimizing opioid requirement while providing excel-
lent analgesia, thereby promoting recovery after surgery.
Epidural opioid doses are much smaller than those
required systemically (in the order of one tenth), and
low-dose epidural local anesthetics, apart from producing
analgesia without overt sensory/motor blockade or opi-
oid-associated adverse effects, can have additional benefi-
cial effects on bowel mobility. Does the evidence support
the superior analgesic efficacy of epidural analgesia and its
ability to promote recovery after surgery?

It is important to separate the potential benefits of
intraoperative epidurals from the benefits of postopera-
tive epidural analgesia. There are significant differences
in the way epidurals are used during surgery: sometimes
complete epidural anesthesia is provided, sometimes only
epidural analgesia, sometimes the epidural is not used at
all intraoperatively, and of course there is a range of
practice in between. Some benefits are likely to pertain
chiefly to the use of profound blockade during surgery
(e.g., lower incidence of thromboembolic events, lower
incidence of graft failure in the case of major vascular sur-
gery, lower blood loss, lowering of the metabolic stress
response, lower incidence of chronic pain). This chapter
concentrates on the benefits likely to pertain specifically
to postoperative epidural analgesia.

Many of the early trials of epidural analgesia (during the
1970s and early 1980s) were small, randomized studies that
attempted to confirm the clinically apparent superior
analgesia of postoperative epidurals compared with con-
ventional analgesia, some also assessing aspects of post-
operative recovery. These early trials (and meta-analyses)
overwhelmingly supported the superior analgesic efficacy
of epidural analgesia compared with conventional anal-
gesia.9 Assessments of postoperative recovery focused on
differences in minor morbidities, including pulmonary
function, bowel function, and mobility.10-12

A goal of epidural analgesia is to restore normal physio-
logic function as rapidly as possible to avoid adverse out-
comes associated with prolonged immobilization and
hospital stay. As evidenced by small randomized con-
trolled trials (RCTs) and subsequent meta-analysis (and
in some cases, confirmed by the large RCTs), epidural anal-
gesia fulfills this goal extremely well. Epidural analgesia
has been shown to promote early mobilization and reduce
rehabilitation time, particularly after joint surgery.13-15

In addition, it has been shown to reduce pulmonary
morbidity,11,16-19reduce time to extubation of the trachea
after major thoracic and vascular procedures,16-18,20-22

reduce cardiac ischemia and dysrhythmia in high-risk
patients,20,23 and reduce postoperative ileus,24 thereby
reducing length of hospital stay. 25-28 A meta-analysis
by Beattie and colleagues23 found a reduction in the inci-
dence of myocardial infarction associated with the use of
postoperative epidural anesthesia (odds ratio [OR] 0.56;
confidence interval [CI] 0.30 to 1.03).

Several clinical trials have been conducted to evaluate
the impact of epidural analgesia on mortality rate and
major morbidity (including major cardiac morbidity, pul-
monary embolus, and stroke). Early results suggested that
combined epidural and general anesthesia (GA) followed
by postoperative epidural analgesia had a favorable
effect on major morbidity, and possibly also on mortality
rate.29,30 The findings of Yeager and colleagues30 were
particularly striking because they showed remarkable
decreases in surgical morbidity and mortality rates attribut-
able to epidural analgesia in high-risk patients undergoing
major surgical procedures. Interestingly, this study was
stopped after the completion of 53 patients by the monitor-
ing committee because the early results favored the epidural
treatment so strongly that the committee believed it would
be unethical to continue the trial. This study certainly
contributed to the belief that epidural analgesia improves
surgical outcome, particularly in sick patients.

However, the validity of the results of the Yeager study
has been questioned,31 and this skepticism led investiga-
tors to set about assessing the possible effects of epidural
analgesia on major morbidity in high-risk patients. Two
large RCTs were later published. Unfortunately, neither
confirmed the earlier findings that epidural analgesia
has a favorable effect on major morbidity.16,17

Well-designed, large randomized trials such as those
by Park and colleagues16 and Rigg and colleagues17

constitute strong evidence about the efficacy of epidural
analgesia. (Meta-analysis is considered stronger evi-
dence, but it must be carefully conducted and must select
only well-designed and relatively homogeneous studies.)
In terms of analgesic efficacy, these studies lend further
support to the findings of earlier smaller trials and meta-
analyses that confirmed the superior analgesic efficacy of
epidural analgesia. However, these two large studies were
designed specifically to assess the value of epidural anal-
gesia in terms of its ability to reduce major morbidity
and mortality rates in high-risk patients. In these respects,
the results were disappointing for those who believed, on
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the basis of earlier small trials,29,30 that the treatment has
a major impact on major morbidity and mortality rates.

Epidural analgesia may play an important role follow-
ing abdominal surgery. In this setting, epidural analgesia
has been reported to lower the incidence of myocar-
dial infarction, stroke, and death in patients undergoing
abdominal aortic surgery.16 A recent meta-analysis evalu-
ated the impact of epidural analgesia versus systemic
opioids following abdominal aortic surgery.32 This analy-
sis included 13 studies involving 1224 patients. The epidu-
ral analgesia group showed significantly improved pain
control on movement up to the third postoperative day.
In addition, postoperative duration of tracheal intubation
and mechanical ventilation was significantly shorter by
about 20%. The overall incidence of cardiovascular com-
plications, myocardial infarction, acute respiratory failure,
gastrointestinal complications, and renal insufficiency were
all significantly lower in the epidural analgesia group,
especially in trials that used thoracic epidural analgesia.
The incidence of mortality, however, was not reduced.

Another study provided indirect evidence that epidu-
ral analgesia may lower mortality rate following major
surgery. 33 This study examined a cohort of 3501 patients
who underwent lung resection. These patients repre-
sented a 5% random sample of patients who underwent
lung resection procedures between 1997 and 2001, and
who were listed in the Medicare claims database. Multi-
variate regression analysis showed that the presence of
epidural analgesia was associated with a significantly
lower odds of death at 7 days (OR 0.39; 95% CI 0.19 to
0.80; p ¼ 0.001) and 30 days (OR 0.53; 95% CI 0.35 to 0.78;
p ¼ 0.002). Interestingly, this study reported no difference
in major morbidity.

It is easy to forget that the evolution of epidural analge-
sia has occurred alongside the evolution of postoperative
management in general, and that differences in serious
morbidity and mortality rates that might be expected to
emanate from the benefits outlined earlier may not be
obvious because of improvements in postoperative care
in general. A policy of early oral fluid administration,
early nasogastric tube removal, and forced early mobiliza-
tion, in combination with optimized pain management,
has resulted in earlier hospital discharge and a decrease
in postoperative mortality rate when compared with that
20 years ago. It may be impossible to show the benefit
of postoperative epidural analgesia in isolation, whereas
studies of this mode of analgesia used with regard to
its specific effects on certain outcomes (e.g., postopera-
tive ileus); with attention to appropriate level of catheter
placement, drug choice, and drug dose in order to achieve
the desired outcome; and its combination with other
aspects of postoperative care are needed before we can
discount the value of epidural analgesia in terms of major
morbidity and mortality rates.34 At the same time, major
morbidity and mortality rates have become so low that
even larger trials or patient numbers in meta-analyses
may be required to show a difference.17

In summary, the superior analgesic efficacy of epi-
dural analgesia compared with conventional analgesia
seems absolutely clear, and benefits in terms of morbidity
and length of hospital stay (by contributing to an acceler-
ated return to normal physiologic function) have been
demonstrated. The evidence is even stronger for thoracic
epidural catheters. It remains unclear whether epidural
analgesia has a role in reducing mortality.

Patient-Controlled Analgesia

The use of microcomputer-controlled infusion pumps to
enable patients to self-deliver doses of analgesic drugs
(patient-controlled analgesia [PCA]) was popularized in
the 1980s when microprocessors became small enough
to be incorporated into portable pumps. Patients and
nurses seemed to like PCA—patients because of the
greater control they achieved over their analgesic dosing,
and nurses because of the convenience of this mode of
analgesia. PCA is now available in most large hospitals
in the United States, as well as many small hospitals,35

and it has become an important tool to aid hospitals’
compliance with mandated pain assessment and treatment
standards. Although there are many clinical indications
for PCA, its most common application is for postopera-
tive pain management, usually opioids delivered
intravenously.

Intravenous PCA differs from conventional analgesia
in two important ways: (1) provided patients dose appro-
priately, peaks and troughs in serum analgesic level
are less extreme, and analgesic level is better matched to
analgesic need, and (2) patients’ anxiety over obtaining
analgesia is obviated. The question we must ask is, do
these factors result in better analgesia, lower opioid
requirements, superior patient satisfaction with treatment,
fewer side effects, and better surgical outcome? In this
chapter, we compare intravenous PCA with conventional
analgesia. The use of patient-controlled epidural analgesia
(PCEA) in the management of postoperative pain is also
increasing in popularity,36 but this treatment will not be
addressed here.

Three meta-analyses of PCA versus conventional anal-
gesia have been published, one in 1993,37 the second in
2001,38 and the third in 2006.39 Apart from updating the
first analysis, the second incorporated trials in which con-
trol group opioids are given by the subcutaneous and
intravenous as well as the intramuscular route. Fifteen
trials (787 patients) were included in the first analysis,
32 (2072 patients) in the second, and 55 (3861 patients) in
the third. All but one trial (which used meperidine) in
the first analysis used morphine in both experimental
and control group patients (699 patients). In the second
and third analyses, morphine was used in the majority
of studies, but various opioids were also used, including
hydromorphone, meperidine, piritramide, nalbuphine,
and tramadol.

The first meta-analysis demonstrated that patients
prefer PCA to conventional analgesia and that PCA has
slightly better analgesic efficacy. The mean difference in
satisfaction is 42% (p ¼ 0.02), whereas the mean difference
in pain score on a scale of 0 to 100 is 5.6 (p ¼ 0.006). How-
ever, there was no difference in opioid usage, side effects,
or length of hospital stay.

Despite the passing of almost 10 years and the addition
of 12 trials (1000 patients) to the first meta-analysis, the
results of the second analysis differ very little from those
of the first. Patients’ preference for PCA is confirmed, as
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was slightly better analgesic efficacy. In three morphine
trials and one meperidine trial, PCA is preferred (relative
risk [RR] 1.41; CI 1.1 to 1.80). Combined data on pain
intensity and relief from one piritramide, one nalbuphine,
and eight morphine trials also demonstrated a preference
for PCA (RR 1.22; CI 1.00 to 1.50). There was no differ-
ence in opioid usage or side effects, and no convincing
evidence of a difference in surgical outcome, although
the limited data (152 patients) available on pulmonary
function did suggest an improvement.

The third meta-analysis included yet more studies (55)
and patients (2023 receiving PCA and 1838 receiving
conventional analgesia).39 Evenwith an increase in the num-
ber of trials and patients, the results were similar, in that
PCA was demonstrated to provide better pain control and
patient satisfaction than conventional analgesia. However,
patients using PCA consumed higher amounts of opioids
than the control, had a higher incidence of pruritus, but
had a similar incidence of other adverse effects. There was
no difference in the length of hospital stay.

Another meta-analysis evaluated PCA compared
with conventional analgesia following cardiac surgery.40

This study used patient-reported pain intensity as the
primary outcome, and cumulative opioid use, intensive
care unit (ICU) and hospital length of stay, postoperative
nausea and vomiting, sedation, respiratory depression,
and all-cause mortality rate as secondary outcome mea-
sures. The authors identified 10 RCTs involving 666
patients. Compared with conventional analgesia, PCA
significantly reduces the Visual Analog Scale (VAS) at
48 hours, but not at 24 hours following surgery. PCA
increased cumulative 24- and 48-hour opioid consump-
tion. Ventilation times, length of ICU stay, length of hos-
pital stay, patient satisfaction scores, sedation scores,
and incidence of postoperative nausea and vomiting,
respiratory depression, and death were not significantly
different.

Do these meta-analyses represent the best evidence we
have about the utility of intravenous PCA compared with
conventional analgesia? Certainly the meta-analyses help
by providing a quantitative summary of existing data.
However, because many of the trials contributing to these
meta-analyses were small, treatment effects may have
been distorted because of deficiencies inherent in small
trials, including Type I error, distortions that can possibly
be compounded in meta-analyses.41-45 Another problem
encountered here (and, indeed, in many epidural trials)
is that neither patients nor assessors were blinded to
treatment; thus, there is a high likelihood of assessor
bias, which might be expected to exaggerate treatment
effects.38,46 One should also be concerned with the degree
of differences observed in the analysis. Some meta-ana-
lyses have demonstrated a small improvement in analge-
sic efficacy, and possibly pulmonary function, with PCA
use. However, we not only need to question the clinical
significance of these findings because of the small effect
size, but also because of the weakness in the design of
the contributing studies as a result of blinding.

It is also worth noting that in real life there are wide
variations in factors such as patient education and nursing
workload that have a profound effect on the doses of anal-
gesic actually received, and thus on the efficacy of either
method.47 In addition, there may be significant differ-
ences in outcomes in patients participating in clinical trials
evaluating pain outcomes when compared with patients
receiving routine postoperative care outside the context
of an analgesic trial. Thus, the efficacy of PCA compared
with conventional analgesia is likely to differ between
trials and real life, individual patients, and institutions.

Patients’ preference for PCA seems to be an important
reason that PCA has been established as the standard of
care for routine management of moderate-to-severe post-
operative pain. In view of the lack of evidence of any
other real advantage to PCA, other than a slight improve-
ment in analgesic efficacy, it seems that the reason that
patients prefer PCA is that it provides them with a sense
of autonomy and control over their own analgesic man-
agement.48,49 In today’s health care climate, patient pre-
ference is an important and valid reason for a treatment
choice.

Given the lack of evidence of other benefits, one has
to ask whether the cost of PCA is justified. Preliminary
cost-benefit analyses suggest that postoperative analgesia
using PCA is more expensive than conventional anal-
gesia,50-52 despite the hope that nursing involvement
would be reduced, and reduced nursing costs would off-
set the increase in equipment costs. However, the results
of cost-effectiveness studies are often based on cost data
specific to one institution at a specific time, and therefore
may not be valid at other institutions or at different times.

Nonsteroidal Antiinflammatory Drugs

NSAIDs have been demonstrated to be effective analgesics
for the treatment of pain after surgery. This has been
proven in single-dose studies in mild-to-moderate pain,53

as well as in multiple-dose studies in moderate-to-severe
pain.54 NSAIDs have been demonstrated to have an
opioid-sparing effect.55,56

When considering the use of NSAIDs in the postopera-
tive period, there are several key issues to consider. First,
does the addition of an NSAID improve pain control and/
or lower the incidence of opioid-induced adverse side
effects? Second, does the addition of an NSAID present
new risk of harm to the patient? Third, are there any
benefits to the use of COX-2 selective agent in this setting?

Following major surgery, NSAIDs alone cannot pro-
vide effective pain relief. Therefore they are added to
other pain therapy, such as systemic opioids. When given
in combination with other opioids after surgery, NSAIDs
result in better pain relief and lower opioid consump-
tion.57,58 A recent meta-analysis evaluated the adminis-
tration of NSAIDs on morphine PCA.59 This analysis
included 33 trials with 1644 patients. In the trials evalu-
ating multiple-dose regimens of NSAIDs, there was an
average reduction in 24-hour morphine consumption of
19.7 mg, which was equal to a 40% opioid-sparing effect.
In addition, the use of an NSAID lowered pain intensity
from approximately 3 to 2 on the 10 cm VAS when
compared with morphine PCA alone.

The addition of an NSAID with the resultant reduction
in opioid consumption may not lower the overall incidence
of adverse events.55 It seems clear that the incidence and
degree of respiratory depression is reduced,58,60,61 but
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improvements in pulmonary function (less opioid-induced
hypercapnic responses) have not been convincingly
demonstrated.57 The adjunctive use of NSAIDs reduces
the incidence of nausea in several studies, although an
equal number of studies do not show any benefit. 57 The lit-
erature is equivocal about whether or not opioid sparing by
NSAIDs promotes rapid recovery. A limited number of
studies demonstrate accelerated recovery in association
with less nausea and sedation, improved mobility and
earlier return of bowel function,62,63 but others fail to show
any benefit in terms of recovery. 58,64,65

A recent meta-analysis evaluated the effect of NSAID
administration on PCAmorphine side effects. 66 This study
included 22 randomized, double-blind clinical trials pub-
lished between 1991 and 2003, with 1316 patients receiving
NSAIDs and 991 patients receiving PCA morphine only.
This study demonstrated that NSAIDs significantly
decreased the incidence of postoperative nausea and
vomiting by 30%, and the incidence of sedation by 29%.
Pruritus, urinary retention, and respiratory depression
were not significantly decreased by NSAIDs.

NSAID use may be associated with a number of
potential adverse events, including inhibition of platelet
function, alteration in renal function, peptic ulceration,
and alterations in bone healing.67-71 However, it appears
that short-term use of NSAIDs around the time of surgery
may not be associated with a compromise of bone
healing.72 The risk of NSAID-induced adverse events is
higher with higher doses and longer durations of therapy.
In addition, the risk of harm is higher in the elderly.

A recent meta-analysis evaluated the effects of NSAIDs
on postoperative renal function in adults with normal
renal function.73 This analysis included 23 trials with
1459 patients. Perioperative administration of NSAIDs
reduced creatinine clearance by 16 mL/min (95% CI 5 to
28) and potassium output by 38 mmol/day (95% CI 19
to 56) on the first day after surgery compared with pla-
cebo. However, there was no significant difference in
serum creatinine on the first day (0 mmol/L, 95% CI 3 to
4). No significant reduction in urine volume during the
early postoperative period was found, and there were no
cases of postoperative renal failure requiring dialysis.
Other studies have demonstrated that the risk of adverse
renal effects is increased in patients with preexisting
compromise of renal function, hypovolemia, hypotension,
or the concomitant use of other nephrotoxic drugs.74

Concern has developed over the last several years
about the cardiovascular consequences of NSAID admin-
istration.75 This concern was triggered by evidence that
the COX-2 inhibitors may lack the thrombotic-protective
and cardioprotective effects of aspirin and other standard
NSAIDs, but now extends to the demonstrated deleterious
effects of NSAIDs in general on cardiac function and
blood pressure, especially in susceptible patients. A recent
meta-analysis that included 55 trials with 99,087 patients
evaluated the impact of COX-2 selective agents on risk
for MI. 76 The overall pooled OR for myocardial infarction
(MI) risk for any coxib compared with placebo was 1.46
(95% CI 1.02 to 2.09). This study concluded that celecoxib,
rofecoxib, etoricoxib, valdecoxib, and lumiracoxib were
all associated with higher MI risk compared with pla-
cebo. The pooled OR for any coxib compared with other
NSAIDs was 1.45 (95% CI 1.09 to 1.93). Another meta-
analysis reported that all NSAIDs increase the risk of MI
and cerebrovascular accidents, and COX-2 selective
agents confer the highest risk.77

In summary, perioperative NSAID administration is
associated with significant opioid-sparing effects and a
resultant reduction in several opioid-induced side effects.
Other than the differences in the effect on platelet func-
tion, there appears to be little advantage to the use of
COX-2 selective agents, and the use of these agents may
be associated with an increased risk of cardiovascular
adverse events.

AREAS OF UNCERTAINTY

The focus of postoperative pain trials has been on asses-
sing new modes of analgesia with particular regard both
to their analgesic efficacy and to their ability to improve
surgical outcome. In this chapter, trials assessing epidural
analgesia, PCA, and NSAIDs used as adjuncts were
reviewed. The studies leave no doubt that these modes
of analgesia provide effective analgesia, and in the case
of epidurals and adjunctive NSAIDs, the analgesia is
better than conventional analgesia.

The opioid-sparing effects of epidural analgesia and
adjunctive NSAIDs (not PCA) is confirmed. The incidence
of some opioid-induced adverse side effects is lower. It is
not clear, however, whether opioid sparing per se actually
improves recovery, and the evidence from the literature is
equivocal.

Epidural analgesia offers a number of distinct bene-
fits and appears to hasten recovery (largely because of
its favorable effects on the bowel). However, although
improvements in morbidity have been demonstrated,
analysis of current trials suggests that epidural analge-
sia offers no benefit in terms of major morbidity and
mortality.

Despite the apparent certainty of these stated findings,
many questions remain unanswered. We do not know
whether the marked improvements in surgical morbidity
and mortality rates that have occurred over the last few
decades, due to improvements in postoperative care in
general, mask the benefits of improved postoperative pain
control. Trials have tended to segregate treatments and
have not assessed pain treatments as part of a multimodal
approach, or in terms of their integration into accelerated
recovery programs. Issues such as choice of drug, dosage,
and site of administration, and their relationship to spe-
cific benefits, have largely been ignored, particularly in
epidural and PCA trials. Hopefully, future studies will
examine the role of analgesia in rehabilitation after sur-
gery. Uncertainty about the benefits of various modes of
analgesia will remain until we can be clearer about the
importance of pain control to the overall goal of restoring
normal physiologic function as rapidly as possible.

GUIDELINES

Guidelines on acute and postoperative pain management
abound. One of the first comprehensive evidence-based
guidelines was published by the Agency for Health Care
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Policy and Research (AHCPR) in 1992. Anesthesia and
pain societies around the world have published their
own guidelines on acute pain management.2,25,78-80 The
message has been consistent. They emphasize the impor-
tance of optimizing pain management. They reinforce
the value of alternatives to conventional analgesia, par-
ticularly epidurals, PCA, and NSAIDs, in terms of their
ability to improve analgesia, reduce opioid doses, and
improve surgical outcome. They also recommend non-
medical approaches such as transcutaneous electrical
nerve stimulation (TENS) and relaxation, which are not
normally the province of anesthesiologists and are not
discussed in this chapter.
AUTHORS’ RECOMMENDATIONS

Current evidence demonstrates convincingly that epidurals, PCA,
and adjunctive NSAIDs improve postoperative analgesia. Epidu-
ral analgesia, but not PCA, has the additional benefit of some-
times promoting rapid recovery after surgery, although an effect
on major morbidity or mortality has not been demonstrated.
In the case of PCA, improvements in pain relief are slight,
but patients clearly prefer PCA. The material costs of epidural
analgesia and PCA are substantial, and the labor costs of epidural
management even greater. Epidurals and PCA are recom-
mended for their demonstrated ability to provide good analgesia,
improve patient satisfaction, and, in the case of epidurals, hasten
recovery.

The use of NSAIDs to supplement systemic and neuraxial opi-
oid therapy also has demonstrated benefit in terms of improved
analgesia, opioid sparing, and a moderate reduction in some
opioid-induced adverse effects. However, NSAID opioid sparing
has not been demonstrated to improve overall surgical outcome,
and care must be taken to balance the benefits of NSAID admin-
istration with the risk for harm. Having said that, it appears
that many patients can benefit from perioperative NSAID
administration.

One of the best clinical practice guidelines available to guide
acute pain practice is the guideline prepared by the Australian
and New Zealand College of Anaesthesia and Faculty of Pain
Medicine.81 These guidelines are evidence-based and provide
clear, detailed information regarding acute pain treatment options.

Individual institutions must be prepared to devote the neces-
sary resources before offering advanced analgesic technologies.
Because it has not yet been possible to demonstrate improvements
in major morbidity and mortality in association with epidurals (or
PCA), the question of whether to offer these advanced pain treat-
ments often turns on cost and feasibility. Institutional differences
in drug and equipment costs, staffing levels (particularly anesthe-
sia staffing levels), and patients (and their expectations) may
determine whether or not an institution chooses to offer epidural
analgesia or PCA.
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 Is Preemptive Analgesia
Clinically Effective?

Allan Gottschalk, MD, PhD, and E. Andrew Ochroch, MD
INTRODUCTION

The concept of preemptive analgesia originated at a
time of growing appreciation for the dynamic character-
istics of the pain pathway. Experimental studies made
it clear that noxious stimuli could sensitize both the
peripheral and central components of the nociceptive
pathway. This insight guided the interpretation of several
clinical studies,1-3 which appeared to demonstrate that
subjects who underwent surgery having first received
opioids or regional blockade experienced less postopera-
tive pain, and raised “the possibility that preemptive
preoperative analgesia has prolonged effects which out-
last the presence of drugs.”4 Since then, a considerable
number of laboratory and clinical studies of preemptive
analgesia have been performed.

Interpretation of this growing body of data is encum-
bered by evolving concepts as to what constitutes preemp-
tive analgesia.5 Preemptive analgesia in the widest sense
recognizes that noxious stimuli at any point throughout
the entire perioperative period can sensitize the nervous
system. More recently, the term preventive analgesia has
been applied to clinical and laboratory studies that seek
to demonstrate a beneficial effect of an analgesic inter-
vention that outlasts the pharmacologic presence of the
intervention. Such studies typically determine whether
some long-term benefit is observed in those who received
the analgesic intervention compared with those who did
not. In contrast, preemptive analgesia in the narrow sense
addresses only a small portion of the perioperative period
such as the time of incision or the time of surgery. Clinical
and laboratory studies of preemptive analgesia defined in
this manner typically administer identical analgesic inter-
ventions at different times to the test and control groups,
where typical times would be preincision and postincision
or preoperatively and postoperatively. Subjects in such
trials could receive considerable benefit from the inter-
vention provided to the control group. Of late, trials such
as this are considered tests of preemptive analgesia as
opposed to preventive analgesia. Meta-analyses of clinical
trials with a preemptive structure6,7 have been conflicting,
with the most recent being supportive of preemptive
epidural analgesia, local anesthetic infiltration, and nonste-
roidal antiinflammatory drug (NSAID) administration
(Figure 73-1). Another meta-analysis demonstrated that
studies with a preventive design as opposed to a preemptive
design were more likely to lead to measurable benefits,
particularly for use of N-methyl-D-aspartate (NMDA)
antagonists. 8 In interpreting data from any one of these
study designs, the timing and duration of the analge-
sic intervention may mean little if the intervention is
not capable of preventing sensitization of the nociceptive
pathways. 9

The motivation for use of preemptive analgesic strate-
gies is twofold. First, one seeks to minimize perioperative
pain as well as pain during the typical recovery period for
a given surgical procedure. Apart from the relief offered
to patients, there is the expectation of reaping any func-
tional benefits that may be associated with effective anal-
gesic therapy. Second, preemptive analgesic approaches
recognize that acute painful events can lead to long-term
painful consequences, where pain persists even when tis-
sue healing appears to be complete. Although the best-
known long-term painful syndromes are associated with
limb amputation, where about 70% of patients report pain
1 year following surgery,10 long-term painful sequelae
are reported for many other types of surgery.11 In gen-
eral, prior painful experience is predictive of increased
pain and analgesic use following subsequent surgery.12,13

Even relatively limited surgery can lead to long-term
alterations in the response to noxious stimuli. For exam-
ple, pain-related behavior is increased during vaccination
for boys who previously underwent circumcision com-
pared with those who did not.14 Pain is reported 1 year
following surgery in at least half of patients undergoing
major thoracotomy15-17 or breast surgery.18 About half
of patients undergoing lower abdominal surgery will
still report some degree of residual pain several months
following the surgical procedure.19,20 Inguinal herniorrha-
phy is associated with residual pain in 25% of patients
1 year following surgery.21 Even low levels of residual
pain are associated with decreases in activity and percep-
tion of health.20,22 Thus, long-term alterations in pain
perception occur frequently following a broad range of
surgical procedures, and these alterations may affect qual-
ity of life. These long-term changes in pain perception
motivate the use of preemptive analgesia. The underlying
hypothesis is that such changes can be prevented by initi-
ating an effective analgesic regimen before the onset of the
procedure and maintaining it for a sufficient duration.
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Pain scores

Supplemental analgesic

Time to first analgesic

Combined outcomes

Favors post-treatment Favors pre-treatment

Favors post-treatment Favors pre-treatment

0.00−1.00 0.00

−1.00 0.00

Epidural analgesia (p=0.00, n=653)
Local anesthetics (p=0.26, n=535)
NMDA antagonists (p=0.97, n=418)
NSAIDs (p=0.09, n=617)
Systemic opioids (p=0.04, n=324)

Epidural analgesia (p=0.00, n=640
Local anesthetics (p=0.00 n=360
NMDA antagonists (p=0.09, n=418)
NSAIDs (p=0.00, n=582)
Systemic opioids (p=0.12, n=194)

Epidural analgesia (p=0.00, n=368)
Local anesthetics (p=0.00, n=306)
NMDA antagonists (p=0.34, n=258)
NSAIDs (p=0.00, n=307)
Systemic opioids (p=0.16, n=74)

Epidural analgesia (p=0.00)
Local anesthetics (p=0.00)
NMDA antagonists (p=0.12)
NSAIDs (p=0.00)
Systemic opioids (p=0.25)

Figure 73-1. Summary of Results from a Recent Meta-analysis of Preemptive Analgesia.7 The plot indicates the effect size (standardized
mean difference) for preemptive treatment compared with control and the 95% confidence interval. For each intervention and outcome measure,
the total number of subjects included in the meta-analysis and the significance of the result is indicated. Results when all three outcomes are
combined are given at the bottom. NMDA, N-methyl-D-aspartate; NSAID, nonsteroidal antiinflammatory drug. (Adapted from Figs. 1-4 of Ong
CK, Lirk P, Seymour RA, Jenkins BJ: The efficacy of preemptive analgesia for acute postoperative pain management: A meta-analysis. Anesth Analg
2005;100:757-773, with permission.)
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OPTIONS

Therapeutic options for preemptive analgesia can include
virtually all analgesic modalities and pharmacologic
classes, individually and in combination. Analgesics can
be administered systemically, at the site of surgery, along
a peripheral nerve, or neuraxially. Analgesics include
opioids, alpha2 agonists, NMDA antagonists, muscarinic
stimulation by administration of an anticholinesterase,
NSAIDs, anticonvulsants, and local anesthetics.

Timing of the initiation of the analgesic regimen is
central to the use of preemptive analgesia. Because most
practitioners recognize the need for postoperative analge-
sia, most studies of preemptive analgesia have empha-
sized interventions initiated before the start of surgery
and lasting for some portion of the surgical procedure.
However, the quality of postoperative analgesia may be
an important factor. Periods of intense pain on emergence
or during recovery may lead to sensitization of the noci-
ceptive pathway, overwhelming the benefits of preventing
intraoperative sensitization. Conversely, highly effective
postoperative analgesic regimens could mask the benefits
of intraoperative efforts to prevent sensitization, and even
limit sensitization in control groups. For procedures char-
acterized by a long and painful postoperative course,
preventing sensitization in the postoperative period may
be just as important as doing so intraoperatively. For
analgesics that can take some time to exert their full effect
(e.g., NSAIDs, see later discussion), initiation of the anal-
gesic regimen well in advance of the start of surgery is
required for preemption to occur. Along with the decision
of when in the perioperative period to initiate analgesic
therapy, the necessary dose and duration of analgesic
therapy to prevent sensitization during each phase of the
perioperative period requires elucidation, and may vary
with the type of surgery.

EVIDENCE

Laboratory evidence of preemptive analgesia

Laboratory studies suggested the clinical applicability
of preemptive analgesia by identifying the underlying
mechanisms and the factors that may play important
clinical roles. Painful stimuli can sensitize both the periph-
eral and central components of the nervous system.23

In the periphery, repeated applications of noxious stimuli
increase the magnitude of the response to subsequent
applications of the same stimulus.24 There is a complex
interaction between peripheral nociceptors and inflamma-
tory mediators released in response to tissue injury, which
can enhance the response of peripheral nociceptors.25
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This enhanced response can be attenuated with local
anesthetics, opioids, and NSAIDs as described later in this
chapter.

Neurons in the dorsal horn of the spinal cord exhibit
a biphasic response to formalin injection of the skin.26

Intrathecal opioids are effective at preventing both phases
of this response.27 However, the second phase is still pre-
vented even after administration of an opioid antagonist
after the initial response, indicating that alteration of
neural behavior by a noxious stimulus can be prevented.
Substance P and excitatory amino acid transmitters acting
at NMDA receptors play a crucial role in sensitizing
neurons in the dorsal horn.28-31 Local anesthetic infiltra-
tion before formalin injection can limit longer-term pain-
related behavior.32 When noxious inflammatory stimuli
of longer duration are used, longer-term reductions in
pain-related behavior are seen only with local anesthetics
whose duration of action matches that of the noxious
stimulus.33,34 Administration of local anesthetic before
nerve section can decrease pain-related behavior for a
considerable period of time.35 In a laboratory model of inci-
sional pain, rats receiving intrathecal opioid or local
anesthetic before an incision in their hindpaw exhibited
decreased wound hyperalgesia on the day of surgery,
but not longer, when compared with those who received
the same analgesics immediately after incision.36

Although laboratory studies of nociception suggested
the clinical potential of preemptive approaches, many
explicit laboratory tests of preemptive analgesia have been
negative.37-39 However, the quality and duration of the
preemptively administered analgesic relative to the inten-
sity of the experimental stimulus may play an important
role in whether preemptive analgesic administration is
beneficial.40 Moreover, the extent that laboratory models
of surgical pain replicate the nociceptive processing that
takes place during major surgical procedures has not
been fully determined. However, a new rat model of tho-
racotomy has been more successful in demonstrating the
capacity of systemic and intrathecal analgesics to decrease
long-term pain.41

Laboratory studies may also help to delineate the
contribution of the general anesthetics to preemptive anal-
gesic effects. Clinically effective concentrations of volatile
anesthetics do not prevent central sensitization.42 but they
can potentiate the effects of neuraxial opioids.43 Nitrous
oxide has been shown to have a preemptive analgesic
effect that is not observed when a volatile anesthetic is
also present.44

Clinical evidence of preemptive analgesia

There are hundreds of studies evaluating the clinical use
of preemptive analgesia. These vary considerably with
respect to timing, intensity, and duration of the interven-
tion, the analgesic used in the control group, and the type
of surgery. In this section, we consider systemic inter-
ventions with opioids, NMDA antagonists, and NSAIDs,
and regional administration of local anesthetics and
opioids.

Systemic fentanyl administered as a bolus before incision
and maintained with an infusion reduced wound hyper-
algesia 24 and 48 hours after surgery when compared
with controls, all of whom received identical postoperative
opioid analgesia.45 Consequently, it is surprising that
multiple studies of preemptive opioid administration for
hysterectomy have, collectively, been somewhat disap-
pointing, with multiple meta-analyses revealing no benefit
of preincisional opioid administration (see Figure 73-1),
and even a paradoxic effect in favor of analgesics adminis-
tered postoperatively.6,7 However, in all these studies,
the same bolus dose of opioid was administered either
before incision or at the conclusion of surgery. Conse-
quently, especially since many of the studies employed
relatively short-acting opioids, it is conceivable that intra-
operative opioid levels were inadequate for preventing
sensitization in the intervention group. Furthermore, the
group receiving an opioid bolus at the conclusion of sur-
gery would have been relatively comfortable during the
often painful period immediately following surgery when
sensitization is still possible. When intraoperative opioid
levels were maintained with an infusion, reduced pain
and analgesic consumption were seen for the 48 hours fol-
lowing surgery.46 An additional potentially confounding
factor is that acute opioid tolerance could have developed
in the group receiving opioids before incision, rendering
analgesics administered in the immediate postoperative
period less effective.47-49

NMDA antagonists have the potential to limit cen-
tral sensitization30,31 and, through an additional conse-
quence of their action at the NMDA receptor, decrease
the acute tolerance that develops with opioid administra-
tion.50,51 Systemic ketamine administered before surgery
can decrease wound hyperalgesia measured 48 hours
after surgery, although this was not associated with
decreases in pain.45 Other studies with lower doses of
ketamine conflict as to whether preemptive ketamine
administration by itself can lead to reductions in postop-
erative pain.52,53 Systemic ketamine used in combination
with epidural analgesics led to persistent reductions
in postoperative pain.54,55 Preoperative systemic dextro-
methorphan decreased pain and analgesic consumption
in a dose-dependent manner,56-59 and augmented the effi-
cacy of performing surgery under epidural blockade with
a combination of lidocaine and morphine.60 A meta-analy-
sis of eight trials comparing preincisional administration
of ketamine or dextromethorphan with postincisional
administration found no consistent benefit of preinci-
sional ketamine administration, but did observe a benefit
for the two trials of dextromethorphan that were included
in the meta-analysis.6 This negative result for NMDA
antagonists was echoed (see Figure 73-1) by a more recent
meta-analysis.7 However, studies of NMDA antagonists
that were more preventive in their design were associated
with beneficial effects.8 Importantly, NMDA antagonists
can also enhance the benefits of epidural analgesia.61-63

Peripheral inflammation in response to tissue injury is
painful and can enhance the sensitivity of the peripheral
nociceptors, which are themselves a source of proinflam-
matory mediators.25,64 The analgesic effects of NSAIDs
are due to both their ability to reduce peripheral nocicep-
tor output by modulating the peripheral inflammatory
response and to their more central effects.65 Therefore it
is reasonable to hypothesize that NSAIDs may comple-
ment the use of other analgesics in the control of
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perioperative pain by limiting the nociceptor barrage
that may contribute to central sensitization, by limiting
peripheral sensitization induced by the inflammatory
response, and through central mechanisms that are either
additive or synergistic. A considerable number of studies
demonstrate the ability of NSAIDs to reduce perioperative
pain and limit the need for other analgesics.66 Although
the mechanism of action of NSAIDs suggests that admin-
istering them before the onset of surgery should be
beneficial, the available studies indicate that expectations
and strategies for the use of these drugs in a preemptive
manner need revision.

In an initial meta-analysis of 19 trials of preincisional
versus postincisional administration of NSAIDs, only
4 studies demonstrated any reduction in pain, decreased
analgesic consumption, or delay until first analgesic
request with preincisional NSAIDs.6 However, a more
recent meta-analysis of 17 studies (see Figure 73-1) was
more supportive of a preemptive analgesic effect.7 One
favorable study not included in the first meta-analysis
compared the effects of intravenous NSAID administra-
tion 30 minutes before induction with its administration
at the conclusion of surgery. Preemptive administra-
tion resulted in improvement in pain scores, increased
time until first analgesic request, and decreased analgesic
consumption for the 4-hour period of study.67 A follow-
up study demonstrated similar results when the same
NSAID was administered either 30 minutes before induc-
tion in the intervention group or at the time of induction,
as opposed to the conclusion of surgery, in the control
group,68 emphasizing the importance of timing to observe
a preemptive effect.69 Even assuming that NSAIDs
are administered preemptively at the optimal time, stud-
ies emphasizing only the intraoperative and immediate
postoperative periods will miss any longer-term benefits
of decreasing postoperative inflammation.

The anticonvulsant gabapentin appears to contribute to
perioperative pain relief in studies where it was used in a
preventive fashion. Decreased pain and opiate sparing
have been demonstrated for lumbar spine surgery,70 breast
surgery,71 and laparoscopic surgery.72 Preventive use of
gabapentin in combination with local anesthetics has
demonstrated a reduction in acute pain, as well as
chronic pain, six months after breast surgery.73

Local anesthetic infiltration is a relatively safe and sim-
ple analgesic modality that can decrease peripheral sen-
sitization and reduce or prevent the nociceptor barrage
at the spinal cord. Local anesthetic administered before a
surgical procedure can have benefits that outlast the dura-
tion of action of the local anesthetic. Pain-related behavior
by boys during vaccination is reduced in those who pre-
viously underwent circumcision after application of a
local anesthetic cream compared with those who did not
receive a local anesthetic for the procedure.74 Local anes-
thetic infiltration with bupivacaine before surgery for
inguinal herniorrhaphy reduced wound hyperalgesia
compared with general anesthesia alone. This difference
was seen 10 days following surgery, and was superior to
spinal anesthesia.75 Patients undergoing inguinal hernior-
rhaphy under general anesthesia who received preinci-
sional infiltration of the incision site with lidocaine
waited longer until their first analgesic request and were
less likely to request analgesics than those who received
lidocaine infiltration at the time of closure.76 When ingui-
nal herniorrhaphy is performed under spinal anesthesia,
subjects who had an ilioinguinal-iliohypogastric nerve
block experienced less pain and had decreased analgesic
consumption during the first 2 postoperative days.77

Preemptive incisional78 or peritoneal79 use of local anes-
thetic for laparoscopic surgery may also have benefits.

Collectively, these studies of preemptive local anes-
thetic use imply that the pain pathways can be sensitized
during both the intraoperative and postoperative phases
of the perioperative period, and that interruption of this
sensitization can lead to effects that outlast the duration
of action of the drug used in the intervention. A systematic
review of studies using local infiltration that contrasted
interventions performed before incision with those per-
formed before the conclusion of the procedure was
generally not supportive of preincisional interventions
with local anesthetics except during herniorrhaphy.80

A subsequent meta-analysis was generally not supportive
of preincisional local anesthetic infiltration compared
with postincisional infiltration (weighted mean difference
[�95% confidence interval (CI)] with respect to a 100-mm
visual analog pain scale: 0 [�3,4]).6 Another review
stressed the importance of using a local anesthetic block
of adequate strength and duration.40 A more recent meta-
analysis (see Figure 73-1) was more supportive of local
anesthetic infiltration of the wound.7

Neuraxial blockade with a single dose of local anesthetic
placed in the subarachnoid space produces profound,
but not complete,81 blockade for the duration of sur-
gery and the immediate postoperative period. The use of
spinal anesthesia may confer some longer-term bene-
fits,2,75,82 but when administration of a spinal anesthetic
either before the start of surgery or after its conclusion
was compared, only small differences in analgesic use
were sometimes seen.83,84

Use of epidural catheters for the neuraxial administra-
tion of local anesthetics, opioids, and other drugs con-
tinues to be an important technique for perioperative
pain control for major surgery. Because epidural catheters
are often placed to provide postoperative pain relief and
have been shown to do this effectively,85 studies involving
preemptive epidural analgesia often focus on the some-
what narrower question of whether or not there is a
benefit to intraoperative use of the epidural catheter. This
debate is made complex by variation in the procedures
studied, the quality of intraoperative blockade achieved
in the various studies, and the quality of the postopera-
tive analgesia. Epidural anesthesia by itself may confer
an analgesic benefit that outlasts the duration of the
blockade.1,3,86 Neuraxial fentanyl administered immedi-
ately before incision reduced pain in the immediate post-
operative period compared with the same intervention
given shortly after incision.87 A single preoperative dose
of epidural morphine appears to have analgesic benefits
that outlast the drug’s duration of action for certain types
of procedures.88,89 When local anesthetic alone or in
combination with opioids is administered through epidu-
ral catheters during surgery, the impact on postoperative
analgesia is often, but not always, beneficial,19,90-102

as reflected bymeta-analyses (see Figure 73-1) with different
conclusions regarding the benefits of preemptive epi-
dural analgesia.6,7 However, with the exception of studies
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addressing long-term pain following amputation or
major thoracotomy (see below), studies addressing pain
or functionality after discharge are rare, but often
favorable.19,103

Given the aforementioned ability of preemptively
administered local anesthetic to limit long-term pain-
related behavior following nerve section in the labora-
tory,35 it might be anticipated that a preemptive analgesic
approach might be particularly effective in preventing
the long-term pain syndromes that are associated with
thoracotomy and limb amputation. Initiation of epidural
blockade before the onset of surgery as compared with
after surgery, and then maintained for 48 hours in both
groups, has had a positive long-term impact on the rate
of postthoracotomy pain after the procedure.99,101 In con-
trast, a study that initiated epidural analgesia before inci-
sion or at the start of closure, and then maintained the
block until thoracostomy tube removal, demonstrated
only short-term analgesic sparing effects when comparing
the two groups.104 However, this study reported sub-
stantially lower rates of postthoracotomy pain than the
prior studies. Several early studies of long-term pain fol-
lowing amputation3,86 demonstrated a benefit of pre-
emptive approaches that was not observed in a larger
study with a somewhat weaker intervention.105 The edito-
rial that accompanied this last study reviews the related
literature in detail and concludes that the likelihood of
benefits when epidural analgesia is used to prevent
long-term pain following limb amputation varies with
the quality and duration of the blockade.106 Effective regi-
mens used significant local anesthetic blockade for up
to a day before surgery, during the surgical procedure,
and for several days afterward.
AREAS OF UNCERTAINTY

As emphasized earlier, preemptive analgesia is a contro-
versial area with a large and growing clinical and experi-
mental literature that can be selectively mobilized to
support multiple points of view. Whether preemptive
anesthesia is defined in the wide (preventive analgesia)
or narrow sense, there is a relative lack of studies that
address long-term outcomes, particularly other than pain
and analgesic use. However, even for rather narrow defi-
nitions of preemptive analgesia, long-term benefits have
been demonstrated for major abdominal surgery19,103

and thoracic surgery.99,101 Apart from the timing of the
intervention, there is considerable debate about the mag-
nitude of the intervention. This applies to both the initial
drug doses and to whether this level of intervention
is maintained throughout surgery and into the postopera-
tive period. Interventions must be capable of preventing
sensitization of the pain pathways.9 Studies defining and
testing preemptive analgesia in the narrow sense gener-
ally use interventions and study designs that permit
patients in both the control and intervention groups a
comfortable transition to the postoperative period. Conse-
quently, even the control groups often receive an analge-
sic regimen that might be expected to limit peripheral or
central sensitization.9 When considering outcomes other
than pain, it remains uncertain how much any benefit of
the intervention is due to reductions in pain and how
much is a consequence of other effects of the interven-
tion. For example, intraarticular local anesthetic infiltra-
tion reduces postoperative pain, and this pain reduction
is associated with improved tissue oxygenation.107 In
contrast, epidural analgesia modulates a number of phys-
iologic variables108 that may contribute to favorable out-
comes.109-113 Last, few economic data are available to
guide the choice of interventions and to assess the cost
of inadequately treated pain.114

GUIDELINES

The studies that present a less than overwhelming case for
preemptive analgesia generally define preemptive analge-
sia narrowly, using relatively limited interventions for a
brief portion of the perioperative period. These studies
should not obscure the importance of providing continu-
ous outstanding pain relief throughout the entire periop-
erative period. There are enough studies demonstrating
residual pain remaining once tissue healing appears to
be complete and analgesic benefits that outlast the dura-
tion of action of the intervention to motivate aggressive
perioperative pain control. At the very least, this involves
the use of sufficient systemic analgesics, local infiltration,
nerve blocks, and neuraxial analgesic administration to
permit patients to emerge comfortably from surgery and
remain comfortable throughout the postoperative period
while achieving milestones for rehabilitation. One thing
remains clear: modest interventions by themselves are
unlikely to be beneficial, regardless of the timing of their
administration.
AUTHORS’ RECOMMENDATIONS

Given the current state of research, we continue to recommend
regional anesthetics alone or in combination with systemic
adjuncts and/or general anesthesia to smooth out the course of
surgery and optimize perioperative pain control. Systemic
adjuncts may be particularly useful in patients with preexisting
pain. Epidural analgesia is frequently an option for major surgery.
When possible, use combinations of opioids and local anesthetic
administered epidurally well in advance of incision, and maintain
the block with infusions or frequent bolus doses of the same
medications throughout the procedure. Analgesia should be
maintained with patient-controlled epidural infusions of opioid
and local anesthetic initiated before the end of surgery. Non-
functioning epidural catheters should be identified before the
conclusion of surgery and either replaced or supplanted with
intravenous analgesics. Although many anesthesiologists are
concerned about the loss of sympathetic tone that accompanies
the use of intraoperative local anesthetics,115 there should be little
concern about the use of intraoperative opioids, and it should be
recognized that the sympathectomy that accompanies epidural
blockade may actually be protective.116,117

When epidural catheter placement is not appropriate for the
given surgical procedure, there are clear contraindications to
epidural catheter placement, or epidural catheter placement is
not technically feasible, we combine presurgical administration
of systemic opiates and NSAIDs, and local infiltration of the
incision site or nerve block with a long-acting local anesthetic.
For procedures longer than 90 to 120 minutes, we recommend
reinfiltration of the wound with a long-acting local anesthetic at
the conclusion of surgery.
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routine testing, 13
ultrasound guidance, 380
venous thromboembolism, 248

Convective warming, 219
Conventional CABG, 36t, 39
COPD, 151
Cormack-Lehane Original Grading System, 102f, 103
Coronary artery bypass grafting (CABG)

areas of uncertainty, 421
decreasing blood loss/transfusion, 415
guidelines/author’s recommendations, 421
Coronary artery disease (CAD), 65
areas of uncertainty, 75–76
author’s recommendations, 77b
evidence, 74–75
guidelines, 76–77
options, 73–74

Coronary Artery Revascularization Prophylaxis (CARP)
trial, 74, 79, 81

Coronary balloon angioplasty (CBA), 83t
Coronary care units (CCUs), 282
Coronary stent thrombosis risk factors, 80t
Corticosteroids

aspiration, 331
asthma, 61
NMBAs, 140t
PONV, 271t

Corticotropin-releasing hormone (CRH), 184
Cortisone, 184
COURAGE, 69
COX-1 NSAIDs, 335, 336, 337, 339
COX-2 NSAIDs, 335, 337, 340, 489
CPAP, 203t, 259, 260t, 302
CPB, 419, 420
CPP, 433, 435
C-reactive protein (CRP), 392
Creatine phosphokinase (CK), 266
CRH, 184
CRP, 392
CSE. See Combined spinal-epidural (CSE)
CSF, 372, 433
C-type natriuretic peptide (CNP), 234
CV risk factors, 21
CVP, 385, 387
Cyclizine, 270, 271t
Cyclooxygenase-1 (COX-1) NSAIDs, 335, 336,

337, 339
Cyclooxygenase-2 (COX-2) NSAIDs, 335, 337,

340, 489
Cyclophosphamide, 140t

D
Dabigatran, 247
Dantrolene, 265
DBP, 439
DDAVP, 170, 171, 172, 418
DDIs, 45
DECREASE, 67
DECREASE-II, 80, 81
DECREASE-V, 69, 75, 80, 81
Deep vein thrombosis (DVT), 245, 348, 352,

353–354, 355
author’s recommendations, 248b–249b, 355b
controversies, 248
evidence, 246–248
guidelines, 248–249
hemostatic processes, 344–346
LMWH, 347–350, 352, 353–354



506 Index
Deep vein thrombosis (DVT) (Continued)
neuraxial anesthesia, 345–346
office-based procedures, risk factors, 315t
options, 245
pathophysiology/risk, 245
patient-related risk factors, 246t
pharmacologic prophylaxis, 247–248
prophylaxis, 343
VTE surgery risk factors, 246t

Delirium, 276
Dementia, 276
Dentistry, 323–324
Depolarizing NMBA, 139
Desflurane, 133t, 134t, 145–146
Desflurane-remifentanil-N2O, 134t
Desmopressin (DDAVP), 170, 171, 172, 418
DESs, 79, 82–83
Dexamethasone, 189t, 270, 271t
Dexmedetomidine, 241
Dextromethorphan, 495
DI, 101
Diabetes mellitus (DM), 177
Diastolic blood pressure (DBP), 439
Difficult airway algorithm, 119f
Difficult laryngeal mask airway ventilation

(DLMAV), 102
Difficult laryngoscopy (DL), 101
Difficult mask ventilation (DMV), 102, 111
Difficult tracheal intubation (DI), 101
Difficult view, 103
Digoxin, 140t
Diltiazem, 50t
Dimenhydrinate, 270, 271t
DIP, 170t, 172
Diphenhydramine, 270
Dipyridamole (DIP), 170t, 172
Directional evidence, 4
Discharge. See Patient discharge
Diuretics, 52, 53t, 230t
DL, 101
DLMAV, 102
DM, 177
DMV, 102, 111
Dolasetron, 271t
Dopamine, 230t, 233
Dopamine receptor antagonists, 271t
Dopaminergic agents, 233
Doxazosin, 50t
Driving impairment factors, 310t
Droperidol, 271t
Drug-drug interactions (DDIs), 45
Drug-eluting stents (DESs), 79, 82–83
Dutch Echocardiographic Cardiac Risk Evaluation

Applying Stress Echocardiography study group
(DECREASE), 67

DVT. See Deep vein thrombosis (DVT)
E
EACA, 170, 171, 172, 173
Early recovery, 305
Easy view, 103
EBP, 373–374
ECG, 20
ECMO, 202, 203t
EEG. See Electroencephalography (EEG)
Electrocardiogram (ECG), 20
Electroencephalography (EEG)
intraoperative awareness, 292
intrathecal/epidural techniques, 434
NIOM, 397, 398

Electromyography (EMG), 397, 398
Emboli, 33
Emergency cesarean delivery, 447–448
Emergency cesarean delivery anesthetic

techniques, 447t
Emergency induction
areas of uncertainty, 123
author’s recommendations, 124b
controversies, 123
emergency tracheal intubation, 124f
evidence, 121–123
guidelines, 123–124
options/therapies, 121

Emergency medicine, 322–323
EMG, 397, 398
Enalapril, 50t
End-tidal carbon dioxide (ETCO2), 322
Endogenous glucocorticoids, 184
Endotracheal intubation, 478
Endotracheal tube (ETT), 478
Endovascular warming, 220
Epidural analgesia, 486–487
controversies, 459–460
labor and delivery, 455, 456, 457t
non-epidural analgesia, compared, 458t

Epidural anesthesia, 446, 486, 496
Epidural blood patch (EBP), 373–374
Epidural dextran, 374
Epidural techniques. See Intrathecal/thoracic epidural

analgesia techniques
Eplerenone, 50t
EPO, 417, 440
Eprosartan, 50t
Epsilon aminocaproic acid (EACA), 170, 171,

172, 173
Erythropoietin (EPO), 417, 440
Escort, 310
Esmolol, 44
ETCO2, 322
Ethacrynic acid, 233
Ethanolamines, 270
Etomidate, 123, 188
ETT, 478
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Evidence, 11–13
acute kidney injury, 229–235
airway management difficulties, 103–111, 117–119
alpha-2 agonists, 240–241
aspiration, 328–330
asthma, 61–63
blood transfusions, 156–160
brain protection, 437–439
CABG, 415–421
cesarean delivery, 445–448
cocaine abuse, 45–47
coronary artery disease, 74–75
COX-1/COX 2 NSAIDs, 336–339
CSE, 452–453
discharge, 305
emergency induction, 121–123
epidural analgesia, 486–489
fast-track cardiac anesthesia, 411–412
general anesthetic techniques, 131–133
glucocorticoid replacement, 184–185
glucose levels, 178–180
hemoglobin, 24–25
hip surgery, 364–365
hypertension, 49–52
hypothermia, 220–223
ICUs, 283–285
infrainguinal revascularization, 407–409
inhalation anesthesia, 144–145
inhalational anesthetics, 126–128
intracranial pressure, 433–435
intraoperative awareness, 292–293
intrathecal./epidural techniques, 433
IV fluids, 192–198
labor and delivery, 455–459
latex allergy, 250–254
MHS patients, 264–265
NIOM, 398–401
NMBAs, 139
nonobstetric surgery, 462–465
obesity, 258–261
obstructive sleep apnea, 301–302
office-based procedures, 315
open-eye injuries, 297–298
pacemakers/ICDs, 87–88
patient-controlled analgesia, 487–488
PDPH, 373–374
pediatrics, 469–472
percutaneous coronary intervention, 79–84
perioperative blood loss, 367–370
perioperative myocardial infarction, 392
perioperative stroke, 34
peripheral neuropathy, 210–216
platelet/plasma transfusions, 164–165
POCD, 277–280
PONV, 269–271
preemptive analgesia, 486–489
Evidence (Continued)
pregnancy testing, 29–30
preoperative screening, 15–18
propofol, 318–324
pulmonary artery catheter, 385–388
pulmonary function testing, 96–97
regional anesthesia, 360–361
respiratory infections, 475–479
smoking cessation, 55–57
TIVA, 144–145
12-lead ECG, 20–22
ultrasound guidance, 377–380
venous thromboembolism, 246–248
ventilatory techniques, 149–151

Evidence-based practice parameters
evaluating/summarizing consensus opinion, 5
evaluating/summarizing literature, 4–5
final product, 6
guideline/advisory determination, 5–6
literature search, 4
meta-analysis, 5
organizational context, 3–4
sources of evidence, 4–5

Evidence-based process, 7t
Evidence for practice parameters, 4t
Evidence summary, 6
Extracorporeal membranous oxygenation

(ECMO), 202, 203t

F
Failed intubation, 101
Fast-track cardiac anesthesia (FTCA)

authors’ recommendations, 413b
controversies, 412–413
evidence, 411–412
options, 411

Fast-track protocol (FTP), 411
Felodipine, 50t
Femoral neuropathy, 214
Fenoldopam, 230t, 233
Fentanyl, 134t, 496
Fetal distress, 448
Fetal heart rate (FHR), 462, 463
5-HT3 receptor antagonists, 269, 271t
Fludrocortisone, 189t
Fondaparinux, 247
Forced-air warming

active warming, 219–220
author’s recommendations, 224b
evidence, 220–223
guidelines, 223–224
options, 219–220
passive warming, 219
temperature monitoring, 220

Fosinopril, 50t
FTCA. See Fast-track cardiac anesthesia (FTCA)
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Full stomach. See Open globe/full stomach patients
Furosemide, 50t, 230t, 233

G
GA. See General anesthesia (GA)
Gabapentin, 496
Gastrointestinal tract function, 196–197
General anesthesia (GA)

areas of uncertainty, 133–136
author’s recommendations, 137b
cesarean delivery, 445, 447, 448
hip surgery, 364, 365
infrainguinal revascularization, 407, 408
inhalation vs. TIVA, 131
nitrous oxide, 132
opioids, 133
options/evidence, 131–133
regional anesthesia, compared, 361
supralaryngeal airway devices, 132
techniques, 131, 133t
trial data, 134t

GIK infusion, 178
Glove powder, 252
Glucocorticoids

adrenal insufficiency (AI), 185t
ARDS, 188
authors’ recommendations, 189b
controversy, 187–188
duration/severity, 187
etomidate, 188
HPA axis, 186–187
meningitis/TBI/SCI, 188
patients who should be treated, 186
perioperative steroid replacement, 184–185
response to surgical stress, 186
severe sepsis/septic shock, 187–188
steroid potency, 189t

Glucose control, 177–178
Glucose homeostasis, 228
Glucose-insulin-potassium (GIK) infusion, 178
Glycoprotein IIb/IIIa antagonists, 338–339, 340
Granisetron, 271t
Growth factors, 235

H
Haloperidol, 271t
Halothane, 45
Hemoglobin abnormalities, 25t
Hemoglobin concentration, 24, 156

abnormalities, 25t
anemia, 156–157
areas of uncertainty, 25, 160
authors’ recommendations, 26b, 161b
evidence, 24–25, 156–160
guidelines, 160–161
Hemoglobin concentration (Continued)
therapies, 24, 156
trial data, adults, 158t
trial data, children, 161t

Hemostatic drugs, 171f
Heparin-induced thrombocytopenia and thrombosis

(HITT), 347
Heparins, 247
Hepatic reactions, 173
HES, 192, 193, 194t, 195t, 196, 197
HFJV, 202, 203t
HFOV, 148, 151, 152t, 202
HFS, 343
High-frequency jet ventilation (HFJV), 202, 203t
High-frequency oscillatory ventilation (HFOV), 148,

151, 152t, 202
High-molecular-weight kininogen

(HMWK), 344
Hip fracture surgery (HFS), 343
Hip surgery, 364, 365
Hip surgery, anesthesia comparison, 365t
HITT, 347
HMD, 107
HMWK, 344
Hydralazine, 50t
Hydration, 229–233
Hydration fluids, 230t
Hydrocortisone, 189t
Hydroxyethyl starch (HES), 192, 193, 194t, 195t, 196, 197
Hydroxyzine, 270
Hyomental distance (HMD), 107
Hyoscine, 270
Hyperamylasemia, 197
Hyperglycemia, 228
areas of uncertainty, 180–181
authors’ recommendations, 181b
evidence, 178–180
GIK infusion, 178
glucose control regimens, 177–178
guidelines, 181
IV insulin delivery, 178
options, 177–178

Hypertension, 49
alpha-2 agonists, 51
alpha-blockers, 52
angiotensin system inhibitors, 52
areas of uncertainty, 52–53
author’s recommendations, 53b
beta blockers, 51
blood pressure classification, 50t
calcium channel blockers, 51–52
evidence, 49–52
guidelines, 53
options, 49
oral antihypertensive agents, 50t

Hypertonic saline, 435
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Hypokalemia, 52
Hypoperfusion, 34
Hypotension, 452
Hypothermia, 219, 222, 223

I
ICD indications, 88t
ICDs. See Pacemakers/implantable cardioverter-

defibrillators
ICP. See Intracranial pressure (ICP)
ICSs, 62
ICUs. See Intensive care units (ICUs)
IDDM, 177
IGF-1, 230t
Implantable cardioverter-defibrillators. See Pacemakers/

implantable cardioverter-defibrillators
Implantable cardioverter-defibrillators (ICDs), 87
Implantable cardioverter-defibrillators (ICD)

indications, 88t
In vivo contraction test (IVCT), 263
Indapamide, 50t
Infants

apnea risk, 470–471
author’s recommendations, 472b
controversies, 472
evidence, 469–472
guidelines, 472
pathophysiology, 469
premature, 470–471
term, 470

Infrainguinal revascularization
areas of uncertainty, 409
authors’ recommendations, 409b
benefits, 407–408
evidence, 407–409
guidelines, 409
risks, 408–409
therapeutic options, 407

Inhalational anesthetics, 126
areas of uncertainty, 128
author’s recommendations, 129b
cardioprotection, 127
clinical relevance, 127–128
evidence, 126–128
guidelines, 128–129

Inhalation anesthesia, 143
Inhalation anesthetic, 140t
Inhaled corticosteroids (ICSs), 62
Inhaled nitric oxide (iNO), 202, 203t
iNO, 202, 203t
Insulin-dependent diabetes mellitus

(IDDM), 177
Insulin-like growth factor-1 (IGF-1), 230t
Intensive care specialist, 283–284
Intensive care units (ICUs), 282

areas of uncertainty, 285–287
Intensive care units (ICUs) (Continued)
authors’ recommendations, 287b
intensive care organization, 284–285
intensive care specialist, 283–284
published studies, 286t

Intermediate recovery, 305
Intracranial pressure (ICP), 433, 434

anesthetics, 433–434
authors’ recommendations, 435b
evidence, 433–435
hyperosmolar therapy, 435
hyperventilation, 434
IPC/CPP targets, 433
mechanical ventilation, 434–435
patient’s position, 435

Intraocular pressure (IOP), 296
Intraoperative awareness

areas of uncertainty, 293–294
author’s recommendations, 294b
evidence, 292–293
guidelines, 294
options, 291–292

Intraoperative blood loss, 367, 370
Intrathecal morphine, 425, 426
Intrathecal/thoracic epidural analgesia techniques

areas of uncertainty, 429
author’s recommendations, 429b
controversies, 428–429
epidural techniques, 426–428
evidence, 425–428
intrathecal techniques, 425–426
options/therapies, 424–425

Intravenous (IV) fluid, 194t
areas of uncertainty, 198–199
authors’ recommendations, 199b
evidence, 192–198
GI tract function, 196–197
landmark studies, ICU patients, 198
options, 192
splanchnic perfusion, 196–197
trial data, 194t
urine output/renal function, 193–196

Intravenous insulin delivery, 178
IOP, 296
Irbesartan, 50t
Ischemia, 68–69
Isoflurane, 133t, 134t, 144, 145
Isoflurane-remifentanil-N2O, 134t
IV fluid. See Intravenous (IV) fluid
IV UH, 351
IVCT, 263

K
Ketamine, 45, 123

nonobstetric surgery, 464
preemptive analgesia, 495
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L
LABA, 63
Labetalol, 44, 50t
Labor and delivery, 455

author’s recommendations, 460b
cervical dilation rate/initiation timing, 455–456
cesarean section risk, 456–457
controversies, 459–460
early vs. later epidural initiation, 456t
epidural vs. nonepidural analgesia, 458t
epidural vs. opioid analgesia, 457t
evidence, 455–459
general methodologic difficulties, 459–460
guidelines, 460
instrumental vaginal delivery risk, 456
obstetric practice style, 457–459
options, 455

Laboratory testing, 15–16
Laparoscopic surgery, 464, 465
Laryngeal mask airway (LMA), 132, 478
Laryngotracheal injury, 124f
Late recovery, 305
Latex allergy, 250

author’s recommendations, 254b
controversies, 254
evidence, 250–254
glove powder, 252
guidelines, 254–256
hypersensitivity reactions treatment, 255t
options, 250
perioperative management of patients, 254t

Latex medical gloves, 251
Lavage, 331
Left ventricular hypertrophy (LVH), 50
Leukotriene modifiers, 60
Lidocaine, 308t, 309, 440
Likelihood ratio (LR), 102
Lithium, 140t
LMA, 132, 478
LMWH. See Low-molecular-weight-heparin (LMWH)
Local anesthesia, 359
Long-lasting bronchodilating agent (LABA), 63
Long thoracic nerve damage, 213
Loop diuretics, 233–235
Losartan, 50t
Low-molecular-weight-heparin (LMWH)

COX-1/COX-2 NSAIDs, 335
CSE, 451, 452
DVT prophylaxis, 345, 347, 348, 350, 351, 352, 353,

354, 355
infrainguinal revascularization, 409
venous thromboembolism, 247

Lower extremity neuropathy, 213–214
Lower respiratory tract infections (LRIs),

475, 480
LR, 102
LRIs, 475, 480
Lung protective strategy, 149
LVH, 50

M
MABP, 439
Magnesium, 140t
Malignant hyperthermia (MH), 309
Malignant hyperthermia crisis (MHC), 263, 264, 265, 266
Malignant hyperthermia-susceptible (MHS)

patients, 263
areas of uncertainty, 265–266
author’s recommendations, 266b
evidence, 264–265
MMR, 265–266
patient discharge, 309
pregnancy, 266
safe anesthesia, 264t
treatment options, 264

Mallampati classification (MPT), 104
Mannitol, 230t, 233, 435
MAP, 433, 434, 435
Masseter muscle spasm or rigidity

(MMR), 265
MCLS, 102f, 103
Mean arterial blood pressure

(MABP), 439
Mean arterial pressure (MAP), 433, 434
Mechanical prophylaxis, 246–247
Mechanical ventilation, 434–435
Meclizine, 270
Median nerve dysfunction, 213
Medical ICUs (MICUs), 282
Meta-analysis, 5
Methazine, 271t
Methyldopa, 50t
Methylprednisolone, 189t
Methylxanthines, 470–471
Metoclopramide, 140t, 271t
Metolazone, 50t
Metoprolol, 50t
MH, 309
MHC, 263, 264, 265, 266
MHS. See Malignant hyperthermia-susceptible (MHS)

patients
MI, 391, 392t
MICUs, 282
Minoxidil, 50t
Mivazerol, 241
MMR, 265
Modified Aldrete scoring system, 306t
Modified Cormack-Lehane System (MCLS), 102f, 103
Modified Mallampati classification,

103f, 104
Montelukast, 60
Morphine, 425, 426
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Mouth opening, 107
MPT, 104
Muscle relaxants. See Neuromuscular blocking agents

(NMBAs)
Myocardial infarction (MI), 391, 392t
Myocardial ischemia, 424

N
NAC, 230t, 233
N-acetylcysteine (NAC), 230t, 233
Nadolol, 50t
NASPE/BPEG generic pacemaker

code, 89t
NASPE/BPG generic defibrillator

code, 90t
Natriuretic peptides, 230t
Natural rubber latex (NRL), 250, 251, 253
NCSs, 397, 398
Neck movement, 107
Nephrotoxins, 228
Nerve conduction studies (NCSs), 397, 398
Nesiritide, 234
Neuraxial blockade, 496
Neurokinin-1 (NK-1) receptor antagonists, 270
Neurologic intraoperative electrophysiologic

monitoring (NIOM)
authors’ recommendations, 401b
controversies/areas of uncertainty, 401
evidence, 398–401
guidelines, 401–403
therapies, 397–398

Neuromuscular blocking agents (NMBAs), 139
anaphylaxis, 141
areas of uncertainty, 141
author’s recommendations, 142b
depolarizing agents, 139
dosing recommendations, 140t
drugs’ interactions, 140t
evidence, 139
guidelines, 141–142
nondepolarizing agents, 139
significant disease state interactions, 141

Nicardipine, 50t
NIDDM, 177
Nifedipine, 50t
NIOM. See Neurologic intraoperative electrophysiologic

monitoring (NIOM)
NIPPV, 202
Nisoldipine, 50t
Nitrous oxide (N2O), 132, 434
NIV, 151
NK-1 receptor antagonists, 270, 271t
NMBAs, 139
NMBAs, dosing recommendations, 140t
NMDA, 493–495, 494f, 497
N-methyl-D-aspartate (NMDA), 493–495, 494f, 497
Non-insulin-dependent diabetes mellitus (NIDDM), 177
Nondepolarizing NMBAs, 139
Nonepidural analgesia, 458t
Noninvasive positive pressure ventilation (NIPPV), 202
Noninvasive ventilation (NIV), 151
Nonobstetric surgery, 462, 465

anesthetic toxicity to fetus, 463–464
author’s recommendations, 465b
evidence, 462–465
FHR, 463–464
guidelines, 465
laparoscopic abdominal surgery, 464–465

Nonreassuring fetal heart rate pattern, 448
Nonsteroidal antiinflammatory drugs (NSAIDs)

acute kidney injury, 228
authors’ recommendations, 341b
COX-1, 336–337
COX-2, 337–338
epidural anesthesia, 485, 488–489
evidence, 336–339
fast-track cardiac anesthesia, 413
options, 335–336
preemptive analgesia, 494, 496

Normothermia, 219, 222, 223
NRL, 250, 251, 253
NSAIDs. See Nonsteroidal antiinflammatory drugs

(NSAIDs)
N2O, 132, 434

O
Obese patients

airway management, trial data, 259t
areas of uncertainty, 261
author’s recommendations, 261b
evidence, 258–261
guidelines, 261
oxygenation/pulmonary mechanics, trial data, 260t
patient positioning/airway

management, 258
pulmonary physiology, 258

Obesity, 258
Obstructive sleep apnea (OSA), 300

authors’ recommendations, 303b
controversies, 302
evidence, 301–302
guidelines, 302–303
options, 300–301
pathophysiology/mechanism of action, 301

Obturator neuropathy, 214
Office-based procedures, 314

areas of uncertainty, 317
authors’ recommendations, 317b
DVT risk factors, 315t
evidence, 315
guidelines, 315–316
OBA providers safety checklist, 316t
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Office-based procedures (Continued)
patient/procedure selection, 314–315
physical considerations, 314
physician qualifications, 314
safety, 314–315

Off-pump CABG, 36t, 39
Omalizumab, 61
Ondansetron, 271t
Open globe/full stomach patients

areas of uncertainty, 298
author’s recommendations, 298b
evidence/controversies, 297–298
options/therapies, 296–297
succinylcholine, 297–298

Open-globe injuries, 296
Opioid analgesia

labor and delivery, 457t
Opioids, 133
Oral antihypertensive agents, 50t
Oral contraceptives, 140t
Orthopedic surgery, 453
Orthotopic liver transplantation, 173
OSA. See Obstructive sleep apnea (OSA)
Outpatient surgery, 359, 469
Oxytocin, 140t

P
Pacemaker indications, 88t
Pacemakers/implantable cardioverter-defibrillators, 87

author’s recommendations, 92b
controversies, 91–92
evidence, 87–88
mechanics, 88–91
NASPE/BPEG generic pacemaker code, 89t
NASPE/BPG generic defibrillator code, 90t

PAC monitoring, 386t
PACs. See Pulmonary artery catheters (PACs)
PACU. See Postanesthesia care unit (PACU)
PADS, 305, 307t
Pancuronium, 140t
Partial ventilatory support, 149–150
Passive warming, 219
Patient-controlled analgesia (PCA), 485, 487–488, 489
Patient discharge

areas of uncertainty, 311
ASU, 305–306
author’s recommendations, 311b
common criteria, 306t
common psychomotor tests, 308t
continuous peripheral block, 309
driving impairment factors, 310t
escort, 310
evidence, 305
malignant hyperthermia, 309–310
modified Aldrete scoring system, 306t
PACU, 305
Patient discharge (Continued)
PADS, 306, 307t
post anesthesia care, 310–311
postoperative urinary retention risk factors, 308t
regional anesthesia, 309
safe discharge criteria, 306t
single shot peripheral block, 309
White fast-tracking score, 307t

Patient-maintained system (PMS), 324
Patient-ventilator interaction, 150
PAV, 148, 150, 152t
PCA, 485, 487–488, 489
PCI, 79
PDNV, 311
PDPH. See Post-dural puncture headache (PDPH)
PE, 343, 344
Pediatric anesthesia, 469–470
Pediatric patients, 475, 477, 478, 480
Pediatric sedation unit (PSU), 323
PEEP. See Positive end-expiratory pressure (PEEP)
Penbutolol, 50t
Percutaneous coronary intervention (PCI), 79
areas of uncertainty, 84
balloon angioplasty, 82
bare-metal coronary stents, 82
class III recommendations, 82t
coronary balloon angioplasty (CBA), 83t
coronary stent thrombosis risk factors, 80t
drug-eluting stents, 82–83
education/collaboration, 84
evidence, 79–84
guidelines/authors’ recommendations, 84–85
perioperative antiplatelet therapy, 83–84
perioperative stent thrombosis, 84

Perioperative blood loss
areas of uncertainty, 370
authors’ recommendations, 370
estimates, 368t
evidence, 367–370
options/therapies, 367

Perioperative cardiac sympathectomy, 426
Perioperative myocardial infarction (PMI), 33, 391
areas of uncertainty, 393
author’s recommendations, 393b
biochemical markers, 394t
evidence, 392
guidelines, 393–395
options/therapies, 392
universal definition, 392t

Perioperative myocardial ischemia, 424
Perioperative stroke, 33
areas of uncertainty, 39
author’s recommendations, 40b–41
cardiac surgery risk factors, 36t
carotid endarterectomy, 38t
carotid surgery, 38t
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conventional CABG, 36t
evidence, 34
general surgery risk factors, 35t
interpretation of data, 34–38
off-pump CABG, 36t
pathophysiology, 33

Perioperative stroke risk factor studies, 36t
Perioperative stroke studies, 35t
Peripheral nerve infusions, 361
Peripheral nerve injury, 210

areas of uncertainty, 216
arm position, 212
authors’ recommendations, 216b
brachial plexus injury, 212–213
evidence, 210–216
femoral neuropathy, 214
lateral decubitus position, 213
long thoracic nerve damage, 213
median nerve dysfunction, 213
obturator neuropathy, 214
peroneal nerve dysfunction, 214
prone position, 212–213
radial nerve injury, 213
sciatic neuropathy, 214
shoulder braces, 212
therapies, 210
ulnar neuropathy, 210–212, 211t

Peroneal nerve dysfunction, 214
Pexelizumab, 440
Pharmacologic prophylaxis, 247–248
Pharmacologic/steroid trials, 204t
Phenothiazines, 271t
Phenoxybenzamine, 50t
Pindolol, 50t
Piperazines, 270
Plasma transfusions. See Platelet/plasma transfusions
Platelet/plasma transfusions, 163

author’s recommendations, 166b
controversies, 165–166
evidence, 164–165, 165t
guidelines, 166
pathophysiology/mechanism of action, 163–164

Platelet transfusions, 165t
Plavix, 338
PMI, 33, 391, 393t, 394t
PMS, 324
PMs, 87
Pneumonia, 328
Pneumonitis, 328
POCD. See Postoperative cognitive dysfunction (POCD)
Polysomnogram (PSG), 300
PONV. See Postoperative nausea and vomiting (PONV)
Positive end-expiratory pressure (PEEP)

CABG, 419
intrathecal/epidural techniques, 434
Positive end-expiratory pressure (PEEP) (Continued)
obese patients, 259, 260t, 261
ventilatory techniques, 148, 151

Positive predictive value (PPV), 102
Post-dural puncture headache (PDPH)

areas of uncertainty, 374
author’s recommendations, 374b
CSE, 453
evidence, 373–374
guidelines, 374–375
options, 372–373
pathophysiology, 372

Postanesthesia care, 310–311
Postanesthesia care unit (PACU)

general anesthetic techniques, 131, 133
patient discharge, 305, 306
pediatrics, 477
regional anesthesia, 360

Postanesthesia discharge score (PADS), 305
Postanesthetic discharge scoring system

(PADS), 307t
Postdischarge nausea and vomiting

(PDNV), 311
Postdural puncture headache (PDPH)

patient discharge, 305
Postoperative analgesia

areas of uncertainty, 489
authors’ recommendations, 490b
epidural, 486–487
evidence, 486–489
guidelines, 489–490
intrathecal/thoracic epidural analgesia

techniques, 424
NSAIDs, 488–489
patient-controlled, 487–488
treatment options, 485–486

Postoperative blood loss, 169, 170–173, 370
antifibrinolytic therapy, adult dosages,

170t
areas of uncertainty, 174
authors’ recommendations, 174b
drug therapies, 170–173
evidence, 173
guidelines, 174
hemostatic drugs/side effects, 171–172

Postoperative cognitive dysfunction (POCD)
anesthesia techniques, 279
areas of uncertainty, 280
authors’ recommendations, 280b
background, 276
evidence, 277–280
potential mechanisms, 276
reduction interventions, 277
surgical techniques, 279
trial results, 277, 277t, 278t

Postoperative myocardial ischemia, 424
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Postoperative nausea and vomiting (PONV), 269, 271, 272
areas of uncertainty, 272–273
authors’ recommendations, 273b
evidence, 269–272
general anesthesia, 131, 132, 133
risk factors, 270t, 273f
therapies, 269

Postoperative urinary retention risk
factors, 308t

PPV, 102
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Prednisone, 189t
Preemptive analgesia, 493
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authors’ recommendations, 497b
clinical evidence, 495–497
guidelines, 497
laboratory evidence, 494–495
options, 494

Preemptive analgesics, 497
Pregnancy, 462, 465
Pregnancy testing, 28, 29t
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authors’ recommendations, 31b
cost, 30
evidence, 29–30
guidelines, 30–31
how sensitive, 30
options, 28
test selection, 30
when to test, 30

Premature infants, 470–471, 472
Preoperative clinic structure, 17
Preoperative electrocardiogram (ECG), 20
Preoperative evaluation center (PEC), 13t
Preoperative screening

areas of uncertainty, 18
author’s recommendations, 18b
consultations, 16–17
cost savings, 16t
evidence, 15–18
laboratory testing, 15–16
options, 15
preoperative clinic structure, 17
preoperative process, 16–17
same-day cancellations, 17

Preoperative screening battery tests, 12t
Pressure support ventilation (PSV), 148, 149, 150, 152t
Preterm infants, 471t
Preventive analgesia, 493
Prochlorperazine, 271t
Propanolol, 50t
Prophylactic EBP, 374
Propofol, 143, 318

areas of uncertainty, 324–325
authors’ recommendations, 325b
Propofol (Continued)
dentistry, 323–324
desflurane, compared, 145
emergency medicine, 322–323
evidence, 318–324
gastroenterology, 319–322
guidelines, 325
isoflurane, compared, 144
meta-analysis on general anesthetic techniques, 133t
nonobstetric surgery, 464
options, 318
radiology/PSUs, 323
RCTs, 134t
sedation scales, 319t
sevoflurane, compared, 131
trials data, 320t

Proportional assist ventilation (PAV), 148, 150, 152t
Prostaglandins, 230t, 235
Prothrombin time (PT), 164
PSG, 300
PSU, 323
PSV, 148, 149, 150, 152t
Psychomotor tests, 308t
PT, 164
PTCA, 68
Pulmonary artery catheters (PACs)
ARDS, 205
areas of uncertainty/controversy, 388
authors’ recommendations, 389b
cardiac evaluation (stress test), 67
evidence, 385–388
guidelines, 388–389
intraoperative monitoring, 387
options, 385
PAC monitoring effects, 386t
postoperative monitoring, 387–388
preoperative monitoring, 385–387

Pulmonary complications. See also Pulmonary function
testing

asthma, 61–62
preoperative testing, 95
smoking cessation, 55

Pulmonary embolism (PE), 343, 344
Pulmonary function testing
areas of uncertainty, 97
authors’ recommendations, 97b
evidence, 96–97
guidelines, 97
therapeutic options, 96

Q
Quinapril, 50t

R
Radial nerve injury, 213
Radiocontrast media, 229
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Ramipril, 50t
Randomized controlled trials (RCTs), 16
Rapid-sequence intubation, 123
RBF, 227
RCTs, 16
Recall. See Intraoperative awareness
Receiver operating characteristic curves (ROCs), 102
Red blood cell transfusion, 156
Regional anesthesia

cesarean delivery, 445, 447, 448
hip surgery, 364, 365
outpatient surgery, 360, 361
patient discharge, 309

Remacemide, 440
Renal blood flow (RBF), 227
Renal failure risk factors, 227t
Renal injury

acute kidney injury, 226–235
areas of uncertainty, 235
authors’ recommendations, 235t
dopaminergic agents, 233
evidence, 229–235
hydration, 229–233
loop diuretics, 233–235
natriuretic peptides, 234–235
options/therapies, 229
protective strategies, high-risk surgery, 230t
RIFLE classification, 227t
risk factors, 227t

Renal replacement therapy (RRT), 226
Reserpine, 50t
Resistive heating electrical blankets, 219
Respiratory infections, 475–479
Restricted view, 103
Resynchronization (antibradycardia) therapy, 88t
RIFLE, 226
RIFLE classification, 227t
Rivaroxaban, 248
ROCs, 102
Rocuronium, 140t, 141
Routine testing

areas of uncertainty, 13
author’s recommendations, 13b
controversies, 13
evidence, 11–13
preoperative evaluation center (PEC), 13t
preoperative screening battery tests, 12t

RRT, 226
rSO2 monitoring, 420
Rubber gloves, 251
Ruptured aortic aneurysm, 45

S
Safe discharge criteria, 306t
Same-day cancellations, 17
SARI, 107
Sciatic neuropathy, 214
Scopolamine, 270, 271t
Sedation scales, 319t
Sensitivity, 102
Sevoflurane, 131, 133t, 134t, 143, 144–145
Shock coil, 88t
SICUs, 282
Simplified Airway Risk Index (SARI), 107
Simpson, James, 455
SIMV, 148, 149, 150, 152t
Single shot peripheral block, 309
Skin prick testing (SPT), 251
Sleep apnea. See Obstructive sleep apnea (OSA)
SMD, 107
Smoking cessation, 55

airway complications, 55–56
areas of uncertainty, 58
author’s recommendations, 58b
cardiovascular complications, 56
evidence, 55–57
guidelines, 58
perioperative complications, 56–57
pulmonary complications, 55
randomized studies, 57
surgical complications, 56

Somatosensory evoked potentials (SSEPs), 397, 398,
399–400, 401, 402t

Specificity, 102
Spinal anesthesia, 496

cesarean delivery, 446
patient discharge, 309

Spinal fusion, 173
Spinal hematoma, 346
Spironolactone, 50t
Splanchnic perfusion, 196
SPT, 251
SSEPs, 397, 398, 399–400, 401, 402t
Sternomental distance (SMD), 107
Steroid potency, 189t
Steroids, 330, 331
Stress test. See Cardiac evaluation (stress test)
Succinylcholine

cocaine abuse, 45
emergency induction, 122
NMBAs, 139, 140t
open-globe/full stomach, 296, 297–298

Sugammadex, 141
Supralaryngeal airway devices, 132
Surgical and trauma ICUs (SICUs), 282
Surgical complications, 56
Synchronized intermittent mandatory ventilation

(SIMV), 148, 149, 150, 152t

T
TA, 170, 171, 172, 173
TcMEPs, 397, 398, 400–401, 402t
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Temperature monitoring, 220
Terazosin, 50t
Terbutaline, 140t
Term infants, 470
Theinopyridine, 340
Thermal management, 219
Thienopyridines, 338
Thoracic epidural techniques. See Intrathecal/thoracic

epidural analgesia techniques
THR, 173, 343, 351
Thromboprophylaxis, 343–344
Thrombosis risk factors, 246t
Thyromental distance (TMD), 104–107
Ticlid, 338
Ticlopidine, 338
Timulol, 50t
Tirofiban, 339
TIVA, 131, 132, 143, 271
TKR, 173, 343, 351
TMD, 104–107
TNS, 359, 362
Torsemide, 233
Total hip replacement (THR), 173, 343, 351
Total intravenous anesthesia (TIVA), 131, 132, 143, 271
Total knee replacement (TKR), 173, 343, 351
Trandolapril, 50t
Tranexamic acid (TA), 170, 171, 172, 173
Transcortical electrical motor evoked potentials

(TcMEPs), 397, 398, 400–401, 402t
Transfusion, 420–421
Transient neurologic symptoms (TNS),

359, 362
Transluminal coronary angioplasty (PTCA), 68
Triamterene, 50t
Tricyclic antidepressants, 140t
12-lead ECG

ACC/AHA guidelines, 22–23
age, 21–22
asymptomatic patients, 21
author’s recommendations, 23b
evidence, 20–22
options, 20
risk factors, 21

U
UH, 247, 345, 349, 350, 351
Ularitide, 234
ULBT, 103
Ulnar neuropathy, 210–212, 211t
Ultrasound guidance

author’s recommendations, 380b
block onset time, 378
block quality and success, 378–379
controversies, 380
evidence, 377–380
intraneural injection, 379–380
Ultrasound guidance (Continued)
local anesthetic volume, 378
nerve-stimulated peripheral nerve blocks,

compared, 379t
procedure attempts/times/comfort, 377–378
technique, 377

Unfractionated heparin (UH), 247, 345, 349, 350, 351
Upper extremity neuropathies, 213
Upper Lip Bite Test (ULBT), 103
Upper respiratory track infections, general anesthesia

risks, 476t
Upper respiratory track infections (URIs), 475, 477, 478,

479, 480
UPPP, 301
URIs, 475, 477, 478, 479, 480
URIs, general anesthesia risks, 476t
Urodilatin, 234
Uvulopalatopharyngoplasty (UPPP), 301

V
Valsartan, 50t
Valvular disease, 66–67
VASs, 143, 413
VCV, 202
Vecuronium, 140t
Venous thromboembolism (VTE), 245, 343
Ventilatory techniques, 148
APRV/PEEP, 148
areas of uncertainty, 151–152
assist control ventilation, 148
author’s recommendations, 152b
evidence, 149–151
high-frequency oscillatory ventilation, 148–149
pressure support ventilation, 148
proportional assist ventilation, 148
synchronized intermittent mandatory ventilation, 148

VEP monitoring, 400
VEPs, 397, 398
Verapramil, 50t
Visual analog scales (VASs), 143, 413
Visual evoked potentials (VEPs), 397, 398
Vitamin K antagonists, 247
Volume-cycled ventilation (VCV), 202
von Willebrand factor (vWF), 193
VTE, 245, 343
VTE surgery risk factors, 246t
vWF, 193

W
White coat hypertension, 50
White fast-tracking score, 307t

Z
Zafirlukast, 60
Zileuton, 60
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