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Peter S.A. Glass, MB, ChB

Guest Editor
This issue of Anesthesiology Clinics is devoted to ambulatory and office-based anes-
thesia. Outpatient/ambulatory or same-day surgery is not really new. James Nicoll docu-
mented the successful administration of 8,988 ambulatory anesthetics in England in
a 10-year period from 1899 to 1908. Ralph Waters opened an outpatient facility in
1918 in Sioux City, Iowa. The successes of anesthesia and surgery led to a greater trend
toward hospitalization. Despite occasional publications in the surgical literature, there
was little organized effort to pursue outpatient surgery and anesthesia until the
1960s. In 1962, the University of California, Los Angeles, opened an outpatient surgical
clinic within the hospital. In 1966, George Washington University Hospital opened its
ambulatory surgical facility, and in 1970, Reed and Ford opened the Surgicenter in
Phoenix, Arizona, the first ambulatory surgery center (ASC) that was not affiliated
with an acute care hospital. Freestanding ASCs grew from 459 in 1985 to 1,381 in
1990. In 1974, national societies dedicated to the field began to appear. In 1984, the
Society for Ambulatory Anesthesia was organized as the first and only specialty society
within the American Society of Anesthesiologists dedicated to ambulatory anesthesia.
Over the past more than 40 years, ambulatory surgery and its extension into the office
has grown to approximately 70% of all surgical procedures performed in the United
States. There have been several drivers that have facilitated this conversion from inpa-
tient to outpatient surgery. These include enhanced quality of patient care with
increasing patient satisfaction, financial incentives, pharmacologic and technical
advances in anesthesia, and, lastly, major technical advances in surgical procedures.

Probably the most significant of these drivers has been a combination of economic
advantages coupled with improved quality of care and patient satisfaction that ambu-
latory surgery provided. In the 1960s and 1970s, there was great pressure on surgical
bed capacity and a national cry to reduce health care spending. Several studies have
compared surgical procedures (such as simple cataract extraction and cholecystec-
tomy) done in a hospital with those done in an ASC. All demonstrated little difference
in adverse outcomes (largely a lower rate of infection in an ASC) with greater patient
satisfaction. Enhanced patient satisfaction was improved by the far better efficiency
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obtained within an ASC. This greater efficiency also was important in driving down the
cost of the episode of care. A study performed by Blue Shield/Blue Cross in 1977 esti-
mated that a procedure performed in an ASC cost 47% less than if performed within
the hospital. As the cost of care was reduced and patient satisfaction improved, Medi-
care began increasing the number of procedures covered in ASCs. Private insurers
encouraged this trend and in the 1990s, Medicare actually cut back on reimbursement
for a number of procedures that were performed in a hospital. This site of service
differential has become the norm for private and government insurers, thereby solid-
ifying the role of ambulatory surgery. The growth of ambulatory surgery has not been
universal, with many European countries having 10% or fewer surgeries done on
a same-day basis.

At the same time that economic incentives were at work, there were simultaneous
advances in drugs available to anesthesiologists to provide anesthesia that enabled
rapid recovery of patients from anesthesia. In addition, more effective drugs for the
treatment of pain and anesthesia side effects, such as postoperative nausea and vom-
iting (PONV), were being released. Propofol probably has had the most significant
impact on ambulatory anesthesia. As an induction and a maintenance agent, it
enhanced the speed and quality of recovery. Probably the quality of recovery by
creating awake patients without the feeling of a hangover and a marked reduction
in the incidence of PONV (and the possible reduction in postoperative pain) played
a significant role in the acceptability by patients of having their surgery on an ambula-
tory basis. The introduction of propofol also led to the enormous growth of providing
moderate and deep sedation for minimally invasive or less-invasive surgeries and
procedures done under local or regional anesthesia. Although sedation may seem
an easier and safer technique than general anesthesia, review of the Medicare data-
base as well as state audits have shown this is not true. Performing safe and effective
deep sedation is an important skill that anesthesia providers need to acquire to work in
an ASC environment. Drs Hession and Joshi provide the science and art of sedation.

At the same time, short-acting analgesics (fentanyl, alfentanil, and remifentanil) and
neuromuscular blockers (atracurium, vecuronium, cisatracurium, and mivacurium)
were introduced, making it easier for anesthesiologists to provide intense analgesia
and profound neuromuscular blockade yet allowing patients to wake up within
minutes and leave the ASC for their own home within an hour of completing a surgical
procedure. This ability to titrate anesthetic drugs more precisely was enhanced by
increasing knowledge of drug interactions during anesthesia and the development
of brain function monitors.

As PONV was recognized as the most undesirable side effect of anesthesia,
a greater effort was made in understanding its pathophysiology; at the same time,
new drugs with fewer side effects became available (serotonin-3 antagonists). In
this issue, one of the leaders in the field of PONV, Dr Gan and colleagues, provide
a review of these advances and current management of PONV.

The management of postoperative pain presented an equal challenge to insuring
the growth of ambulatory surgery. Again, increasing knowledge of pain pathophysi-
ology, concepts of multimodal analgesia, and new compounds all contributed in
making sure that patients had adequate pain control postoperatively. A major leader
in the field of postoperative pain management has been Dr White. In this issue of Anes-
thesiology Clinics, he and Dr Elvir-Lazo provide an overview of current knowledge on
how best to manage postoperative pain in the ambulatory environment.

In line with the increasing knowledge of multimodal analgesia, an increasing
interest in regional analgesia occurred. Technological advances in ultrasound imaging
further stimulated increasing use of regional anesthesia. At the same time, the
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advantages and safety of continuous regional catheters for patients discharged home
became evident. Swenson and colleagues and Jacob and colleagues present 2 excel-
lent articles that bring readers up to date with the use of regional anesthesia, ultra-
sound, and catheters for regional anesthesia blockade.

Another technological advance that has had a major impact on the practice of
ambulatory anesthesia is the advent of the laryngeal mask airway. Although its devel-
opment probably did not add to the actual growth of ambulatory surgery, it had
a significant impact on how anesthesia is practiced in this environment as well as
helping to minimize postoperative sore throat. Drs Luba and Cutter provide a complete
overview of laryngeal mask airways presently available to anesthesia practitioners.

Probably the largest population that has embraced ambulatory surgery is
doctors working with children. The whole concept of reduced anxiety, efficient
care, and rapid return to a friendly environment makes ambulatory surgery ideal
for pediatric patients. They present their own challenges for care in an ASC.
Drs Collins and Everett provide an excellent review of how to take care of pedi-
atric patients for ambulatory anesthesia.

As rapidly as the practice of anesthesia has changed to enhance ambulatory
surgery, so has technology within surgery. Endoscopic equipment advances have
almost paralleled the growth in ambulatory surgical volume. Advances in imaging,
catheters, and minimally invasive techniques have combined to move procedures
that were done in a hospital setting followed by days of recovery in a hospital bed
to an ambulatory environment with recovery at home.

ASCs grew in number, size, and complexity. To this end, great emphasis has been
placed on effective management of ASCs so that they can continue to provide the
advantages that were evident in their initial evolution. Although ASCs are a social-
based business, they still lend themselves well to management principles as Six
Sigma or Toyota’s lean production system. Drs Merrill and Laur provide readers
with an excellent approach (based on their own ASC) to providing highly effective
management in this environment.

With the increasing move to ambulatory surgery, patients were no longer available
to be seen by an anesthesia provider the evening before surgery. Similarly, patients
who were to be admitted to the hospital post surgery were also being admitted only
on the morning of surgery. This led to the need for an alternative method of seeing
patients and optimizing them before surgery and anesthesia. The preoperative clinic
was established to accommodate this role. As preoperative clinics evolved, the ques-
tion of what preoperative work-up was really needed began to be asked. Incorporated
in this question was who needed to be seen and what preoperative testing was appro-
priate. Several articles appeared demonstrating that patients received excessive
preoperative testing and that for some procedures (eg, lens extraction), no testing,
even in the sickest of patients, is required. How much testing for ambulatory patients
is needed is not yet fully resolved. Dr Richman provides the most recent evidence
available to answer this question.

As time passes, old diseases become more prominent as knowledge of their cause
and impact becomes more evident. A classic example of this is obstructive sleep
apnea (OSA). The publication of the American Society of Anesthesiologists guidelines
on the management of OSA generated much concern and consternation as to how
these patients were to be evaluated preoperatively and how they were to be managed
intraoperatively. This stimulated increasing research in this area. Frances Chung and
her group in Toronto have published extensively and contributed significant new infor-
mation on OSA and anesthesia. We are lucky to have her group provide an update on
OSA and anesthetic management.
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With the success of ambulatory surgery within ASCs, practitioners began to push
the envelope further by performing low-risk procedures within an office setting. This is
now the fastest growing market within ambulatory surgery. This environment has
created the greatest challenge to anesthesia providers for a variety of reasons. Not
only is the physical space limited, but also anesthesia equipment is rarely available
and needs to be brought onto the premises each time surgery is scheduled; expecta-
tions of surgeons and patients are high. In addition, many states have not yet regu-
lated office-based surgery and anesthesia, thus standards vary considerably across
sites. Already, several disasters occurring with office-based surgery have been
exposed in the lay press. Thus, it is important that anesthesia providers contemplating
providing anesthesia in an office setting familiarize themselves with the pitfalls and
minimum standards promulgated by the American Society of Anesthesiologists.
Drs Kurrek and Twersky have been leaders in creating these standards and provide
readers with an excellent overview of what is needed in setting up an office-based
anesthesiology practice, whereas Dr Ahmad provides many practical approaches in
providing anesthesia care in an office setting.
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Department of Anesthesiology
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Preoperative testing is done to predict risk, alter management, and improve
outcomes. If this is the premise, then each test needs to be considered with one or
all of these three aims in mind.

Currently more than two thirds of surgeries in the United States are done on an
ambulatory basis. Apfelbaum predicts the growth of ambulatory surgeries to be close
to 80% of all surgeries1 in the United States within the next couple of years.

Patient selection is a major factor in running a successful ambulatory surgery unit
with good patient outcomes. Different models of ambulatory surgery centers have
different selection criteria. Some may offer full-service anesthesia and physically be
part of the main hospital making admission a possibility, as part of the process. Others
may not want the inefficiency of fiber-optic intubation for the difficult intubation and
screen these patients out. Still others are free standing and admission is not an
acceptable option, rather a complication and continuous quality improvement factor;
consequently they have stricter selection criteria for appropriate patients.

Traditionally, preoperative testing has been part of the screening process for appro-
priate preoperative care and selection. Preoperative testing costs this country an esti-
mated $18 billion annually. Ambulatory surgery is by definition low-risk surgery2 and
patients, who are usually American Society of Anesthesiologists (ASA) physical status
1 or 2, expect to be discharged home safely. Mortality risk in ASA 1 and 2 patients is
0.06% to 0.08% and 0.27% to 0.4%3–5 in all surgeries, much lower in this low-risk
category.
a Department of Anesthesiology, Stony Brook University Medical Center, Stony Brook, NY
11794 8480, USA
b Preoperative Services, c/o Department of Anesthesiology, Stony Brook University Medical
Center, Stony Brook, NY 11794 8480, USA
* Department of Anesthesiology, Stony Brook University Medical Center, Stony Brook, NY
11794 8480.
E mail address: drichman@notes.cc.sunysb.edu
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Measuring differences in outcomes, when poor outcomes are so rare, needs appro-
priately powered, randomized controlled studies. Many studies have been published
since the late 1970s supporting selective testing. Although various organizations,
including the ASA and the Society for Perioperative Assessment and Quality Improve-
ment, and agencies, such as Centers for Medicare and Medicaid Services, have sup-
ported appropriate and minimal testing there is still confusion about what is
appropriate and resultantly minimal buy in into these cost-saving and evidence-
backed initiatives.
EVIDENCE

It has long been accepted that no routine testing is indicated. Preoperative tests
without specific indications lack utility. Few abnormalities detected by nonspecific
testing result in changes in management, even in the elderly, and rarely have such
changes benefited patients or lack of testing affected safe anesthesia.6 It has also
been demonstrated that eliminating routine testing does not increase risk.7–9 Although
Schein’s work is procedure specific (cataract), these findings can potentially be
extrapolated to other low-risk surgeries.

Statistically normal results are defined as within two standard deviations of the
mean, which means that 5% of normal people will have an abnormal result when
just one test is performed. The more tests, the more abnormal results, but not neces-
sarily the more abnormalities. The major impacts of unnecessary testing are patient
anxiety, increased costs, delays while waiting for further tests and consults, and
possible injury from unnecessary workups. The economic impact is a combination
of added testing costs and impact on operating room schedule. There are also
medico-legal implications of not following up on abnormal test results.10–12 Abnormal
test results can lead to injury10 (1 in 2000) associated with further workup.

Routine testing has a frequency of abnormal results in 0.0% to 2.6% in multiple
studies reviewed.13 When selective testing is done, abnormal results are more
frequent: 30% in a study by Charpak and colleagues.14 These abnormal results are
not unexpected and were more likely to change management.

Attempts have been made to introduce testing guidelines following evidence from
the literature. These guidelines are not yet uniformly followed, despite more than 30
years of evidence and education. A recent retrospective chart review from Canada15

found a big variance in compliance with ordering guidelines (5%–98%). Only 61.6% of
all the tests performed were normal, but management was affected by only 2.6% of
the tests. Katz and colleagues16 found a similar magnitude of over ordering compared
with local guidelines.

Kaplan and colleagues11 in his study of 2000 subjects found that 60% of tests were
not indicated, and only 0.22% of these abnormal results prompted some management
change. Another study of 991 subjects older than 40 years of age, by Ajimura and
colleagues17 found 52.5% had some laboratory abnormality, but none lead to
a change in management.

A recent pilot study from Canada advocates no preoperative testing in ambulatory
patients. Chung and colleagues8 showed no difference between the routine testing
and no testing groups in ambulatory surgery patients with regard to adverse events
at 7 and at 30 days. There were several limitations to the study. Exclusion criteria
selected out subjects with significant medical issues, especially cardiac and respira-
tory. Because bad outcomes are rare, the sample size was not large enough.
Noncompliance was allowed; subjects wishing to be tested crossed over in the study.
Further studies need to be done before no testing becomes the new routine. But the
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importance of this study is again raising the lack of benefit in testing, and in the current
health economic climate this fact cannot be ignored.

As the majority of ambulatory patients are ASA 1 and 2, the goal of assessing these
healthier patients is to detect any previously unrecognized disease that may increase
perioperative risk above baseline. Mortality is low.18 Warner and colleagues19 found
a 1- to 30-day postoperative major morbidity and mortality of 0.08% (n 5 33) in a group
of 38,598 ambulatory surgery subjects. Four subjects died: two of myocardial infarcts
and two of unrelated motor vehicle accidents.

Do patients who are not ASA class 1 or 2 need to be treated differently? Natof,20 in
a study of more than 13 000 subjects, found that well-controlled subjects who were
ASA class 3 were at no higher risk for postoperative complications than those in
ASA class 1 or 2.

SPECIFIC POPULATIONS
Age

Older age is another concern as a risk factor. Previously published work by Chung and
Mezei21,22 showed no increase in major cardiovascular complications in the elderly
compared with younger subjects, and to their advantage, the older group had a lower
incidence of postoperative nausea and vomiting.

Extremes of age may confer higher risk for postoperative admission especially in
infants less than 55 to 60 weeks post-conceptual age and also in elderly patients older
than 85 years of age.18 Preoperative testing does not appear to play a role in
decreasing this risk.

Generally, age is not considered a risk factor for adverse outcomes in ambulatory
surgery,23 but a systematic review by Smetana and colleagues24 found that age
greater than 60 (odds ratio [OR] 2.09) and greater than 70 (OR 3.04) to be an indepen-
dent risk factor for the development of postoperative pulmonary complications in all
surgeries. Again testing does not play a role in decreasing these complications, only
identifying those at risk.

Obesity

Obesity is not a risk factor for major adverse outcomes.25 The review by Smetana and
colleagues24 found one study where morbid obesity is a predictor of postoperative
pulmonary complications, but this remains controversial. Obesity is however, an inde-
pendent risk factor for deep vein thrombosis.26

So What Do We Do?

The preoperative history and physical (H&P) are the key elements in patient assess-
ment, which is backed by legislation and professional society standards. Basic Joint
Commission regulatory requirements for all patients include a history and physical
performed within 30 days of the procedure.27 In addition, ASA has standards and
guidelines for preanesthesia care28 that specifically state that no routine testing is
indicated.

In the Australian Incident Monitoring Study,29,30 inadequate preoperative evaluation
and communication problems were shown to be sentinel contributing factors to
preventable major adverse events (incidence 3.1%) including death and major
morbidity. Laboratory testing or lack thereof was not implicated in these
complications.

How preoperative assessment is achieved varies by institution. Some assess
patients only on the day of surgery, others have all patients come through a preoper-
ative evaluation clinic approximately 2 weeks before surgery. Some authors31,32 have
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found the latter method to be cost effective in reducing day of surgery cancellations,
even in the healthier ambulatory population.

No testing substitutes for a history and physical examination. An important compo-
nent of the history is assessing self-reported exercise tolerance. Reilly and
colleagues33 showed that postoperative complications were inversely related to exer-
cise ability. Although the study group was major surgeries, this can be extrapolated to
ambulatory surgery.

Tests should only be ordered if the result will change the anesthetic or surgical plan
or decrease the risk of the procedure. If medical condition is stable, then laboratory
tests performed in the preceding 4 months34 to 1 year35 can be used.

The following tests are the minimum to be considered:

Tests

Type and screen

� Surgeries with anticipated blood loss
� Rhesus antibody result needed for possible Rhogam therapy.
Pregnancy
Beta human chorionic gonadotrophin (bHCG) assay is recommended but not
mandated by the ASA, and policy is institution specific. Mandated testing will
identify some previously undiagnosed pregnancies, and elective surgery is then
postponed, but this testing comes with a cost. A study by Kahn and colleagues
quantified this cost as $3273/ true positive pregnancy test.36 Consider testing in
all women of reproductive age, except after hysterectomy or oophorectomy.
This testing can be done on the day of surgery but is recommended earlier if
history suggests pregnancy is a possibility, as cancellations on the day of surgery
have a bigger economic impact.

It is not clear what the extent of the risk of anesthesia is to the fetus, but current
practice is not to do elective surgery in patients who are pregnant when it can be
delayed, because there is risk to the fetus, especially in the first trimester, and
increased risk for miscarriage.37

Hemoglobin
Anemia is a marker of perioperative mortality.19,38 It is unclear if the increased risk is
from the underlying causative disease or the anemia itself.

Hemoglobin preoperatively may be indicated in patients with symptoms of anemia,
history of bleed, chemotherapy, radiotherapy, chronic renal failure, and clinical find-
ings compatible with anemia. It is indicated as a baseline in surgery where significant
blood loss (>500cc)39 is expected.

Platelet count
Platelet count is indicated if patients have personal or family history of bleeding or
bruising.

Coagulation studies
Coagulation studies are only done when patients have a personal or family history of
bleeding or bruising, in the presence of liver disease or metastases, severe malnutri-
tion, Vitamin K deficiency, and patients on anticoagulant therapy. Abnormal results by
routine screening have not shown clear positive predictive value for operative
bleeding.40–43



Ambulatory Surgery: How Much Testing Do We Need? 189
Electrocardiogram
Twenty million preoperative electrocardiograms (ECGs) are performed each year, but
there is no consensus by practitioners about whom, if anyone, should get these tests.

Recent publications7,44–46 have questioned the value of the routine preoperative
ECG and prior publications that included the ECG as part of the perioperative risk
assessment,47–50 may no longer be valid in this respect.

The utility of the screening 12 lead ECG for assessing for perioperative risk has been
questioned. It is also unclear when an abnormal ECG should alter management.45,51 A
meta-analysis52 found the resting ECG to be a poor screening tool for coronary artery
disease. One study by Tervahauta and colleagues53 found that if evidence of CAD was
present on screening ECG, there was higher mortality in this group, but the perioper-
ative implications of this non-surgery–related work are not known. Van Klei and
colleagues46 found, in a prospective observational study in subjects older than 50
years of age having non-cardiac surgery, that 45% of subjects had an abnormality
on preoperative ECG, and bundle branch blocks were associated with postoperative
myocardial infarction and death, but had no added predictive value over recognized
risk factors such as gender, age, and the components of the revised cardiac risk
index49 (high-risk surgery, history of one or more of the following: ischemic heart
disease, congestive heart failure, chronic renal failure, cerebrovascular accident,
insulin dependent diabetes).

Correll and colleagues found that age greater than 65 years was an independent
predictor of preoperative electrocardiogram abnormalities54 but any management
change was already indicated by the H&P. Rabkin and Horne55 showed new ECG
changes caused no cancellations, only minor change in anesthesia technique in 1%
of subjects, and no difference in outcome.

The specificity of an ECG abnormality in predicting postoperative cardiac adverse
events is only 26% and a normal ECG does not exclude cardiac disease.45

An ECG should not be done simply because of age. Previous recommendations for
age-based testing were derived from the high number of ECG abnormalities found on
patients who were elderly. The Centers for Medicare and Medicaid Services do not
reimburse for preoperative or age-based ECGs.56

The ASA Preoperative Evaluation Practice Advisory recognized that ECGs did not
improve prediction beyond risk factors identified by patient history.28

The AHA makes the following recommendations for preoperative ECG.2

Class 1: Recommendations for resting ECG are in patients undergoing vascular
surgery or in those undergoing intermediate risk procedures who have known
coronary artery, cerebrovascular, or peripheral vascular disease. If we accept
ambulatory surgery as low risk, then this does not apply to the ambulatory
subset of patients. But what about the 3-hour shoulder repair? Orthopedic
surgery is considered intermediate risk, or does the arthroscopic component
of this procedure make it an endoscopic procedure and thus a low-risk proce-
dure? This question causes controversy.

Class 2a: Patients for vascular surgery with no risk factors
Class 2b: Patients with one risk factor for intermediate risk surgery
Class 3: Patients for low risk surgery who are asymptomatic (ECG should not be

performed because it is not helpful and may even be harmful).

These recommendations suggest that patients undergoing ambulatory surgery (low
risk) should not get ECGs if they are asymptomatic. Patients with class 2 angina pec-
toris undergoing a knee arthroscopy are low risk and symptomatic; which class does
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this fall into? There is no doubt that there are still a lot of unknowns out there. Ideally,
perhaps the annual ECG from the primary care physician (PCP) would be adequate if
symptoms were stable over the interceding interval. Reading further into the text of the
AHA guidelines and the primary article,18 it is suggested that stable (not asymptom-
atic) ambulatory patients need not have ECGs because morbidity and mortality asso-
ciated with these procedures is so low and risk is negligible.
Chemistry
A review by Smetana and Macpherson13 found that only 1.8% of electrolyte tests
affected management and most of these were predictable from patients’ history of
renal disease or diuretic use.

Electrolytes: Consider testing if there have been recent changes in medication
known to affect electrolytes (eg, diuretics, steroids) or in patients on digoxin.
Also consider checking potassium in end-stage renal disease.

Chronic renal failure with a creatinine greater than 2mg/dl is an independent risk
factor for perioperative morbidity and mortality.2,24 Creatinine is indicated if patients
are to receive contrast media. If the test is abnormal renal protective strategies can
be used or an alternative study can be performed. Consider for risk assessment if it
will affect informed consent, and no recent testing results are available.

Glucose should be checked on admission in patients who are diabetic and hourly in
procedures lasting longer than 1 hour. Presuming that patients who are diabetic
have good routine care, including regular glucose checks; a HBA1C less than
seven; and assessment for end organ damage,57 specifically workup of cardiac
symptoms or abnormal ECG and a serum creatinine, then it is not necessary to
test further for minor surgery.
Urinalysis
Urinalysis (UA) is never indicated for anesthesia. For orthopedic surgery with hardware
implants, a urinalysis is frequently ordered to decrease the risk for subsequent infec-
tion. It is rare that the organisms associated with asymptomatic bacteruria cause
orthopedic infection, and the administration of preoperative prophylactic antibiotics,
which is standard of care, is usually enough to prevent this anyway. However, the
catastrophic outcome of an infected joint is cited by the surgeons as a reason to main-
tain the practice of ordering UAs. No difference was found in wound infections in knee
surgery whether UA was normal or abnormal. It was estimated by Lawrence58,59 that
the cost of treating wound infections (non-implant) was 500 times less than the cost of
screening urinalyses and so these tests are not recommended.
Liver function tests
Albumin is a marker of chronic disease and markedly low levels may affect wound
healing. It was the only laboratory predictor of postoperative pulmonary complications
in the review by Smetana.24

Patients with acute hepatitis should not undergo elective surgery. Child-Pugh60

grade C should also not undergo elective surgery. Those assessed as grade B are
at increased risk and may benefit from therapy to improve their score before surgery.
Decisions to perform these tests are guided by significant findings on history and
physical examination.
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Chest X ray
Chest X-Ray (CXR) abnormalities increase with age. A review of studies of routine
preoperative CXRs by Joo and colleagues61 found that most abnormalities are pre-
dicted on history and physical examination. Only 10% of those investigated for an
abnormal CXR had a change in management. CXR usually only confirms clinical find-
ings and is not useful at reducing risk.62

CXRs should be considered in patients with new signs or symptoms, history of end-
stage renal disease, or decompensated heart failure, if it will change management.
Patients with the latter are rarely candidates for the ambulatory setting except for
minor procedures like ophthalmologic surgeries.
Cardiac evaluation
Cardiac evaluation is indicated based on the presence of active cardiac conditions2

and patients with these are not current candidates for elective ambulatory surgery.
Patients with unexplained dyspnea on exertion may warrant an echocardiogram –
Class 2a.2

Heart failure, compensated and decompensated, carries increased risk for cardiac
complications, approximately 5% to 7% and 20% to 30% respectively, and an echo-
cardiogram may be considered for quantifying degree and type if it will change
management.63
Pulmonary function testing
Postoperative pulmonary complications (PPC) are a common event (incidence ranges
from 0%–75%).64,65 They are more frequently associated with the presence of pulmo-
nary risk factors and certain surgical factors: surgical site and length of procedure.
Thoracic and upper abdominal surgeries are the highest risk procedures. Laparo-
scopic procedures significantly decrease the risk,66 so surgical site is not usually a pre-
disposing factor in ambulatory surgery. Duration of surgery greater than 2.5 to 4 hours
confers increased risk.24

Independent patient risk factors for PPCs include smoking; pulmonary hyperten-
sion; obstructive sleep apnea67 (see later discussion); morbid obesity; moderate to
severe chronic obstructive pulmonary disease; congestive heart failure; poor general
health, including baseline functional status (physical and mental); and age.24

Well-controlled asthma68 and upper respiratory tract infections (URIs) are not risk
factors for PPCs in adults. Patients with an intercurrent bronchitis of bacterial etiology
are at a higher risk for postoperative pneumonia, and antibiotic therapy administered
preoperatively can decrease this risk.64 History, and not testing, affects outcome here.

A detailed history of pulmonary symptoms, medication compliance, presence of
productive cough, and physical examination is adequate in patients undergoing
ambulatory surgery. Pulmonary function testing (PFTs) is usually reserved for patients
undergoing major non-ambulatory surgeries. A possible exception is the assessment
of poorly controlled asthma to differentiate between severe asthma (not usually
a candidate for ambulatory surgery) and inadequately treated bronchospasm. No
studies have shown PFTs to improve outcomes.
Arterial blood gases
Arterial blood gases are not indicated in the ambulatory settings are they are markers
of severe disease and these patients are not ambulatory candidates.
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Sleep consult/polysomnography
Obstructive sleep apnea (OSA) is common with 4% of women and 25% of men having
some degree of the disease. It is more common in the obese population.69,70 The
majority are undiagnosed.

Patients should be screened for OSA. The STOP/BANG screen69 is a useful vali-
dated tool that can easily identify those who may have OSA. These patients can
then be assessed for the need for further preoperative testing. The ASA71 has pub-
lished Practice Guidelines for the Perioperative Management of Patients with OSA.
It applies an OSA scoring system (Table 1). The score takes into account the severity
of the OSA, the invasiveness of the surgery, and the need for postoperative opiates. To
accurately ascertain this score, polysomnography (PSG) is necessary. It should be
ordered when the result would change the decision about venue, type of anesthesia,
or proceeding with surgery.

In surgeries performed under local with or without sedation, PSG is advised for
patients concurrently for health maintenance and risk reduction, but the results are
not superior to clinical assessment in changing perioperative management and this
workup can be done after surgery by the PCP.

Those patients with an OSA score of 5 or 6 are not appropriate for free-standing
ambulatory centers. Patients with a score of 4 should be assessed on a case by
case basis, especially if surgery interferes with use of continuous positive airway pres-
sure (CPAP) or other OSA treatment devices.70,71

Patients also need to be monitored in recovery longer than their non-OSA counter-
parts. Patients with OSA should be first case or early enough in the day, especially in
facilities that are not open overnight.
Pediatrics
Routine diagnostic testing in children is traumatic and this stress often leads to an
uncooperative child on the day of surgery. Preoperative hemoglobin is not indicated
in healthy children72 unless there is anticipated blood loss. It can be considered in
ex-premature infants if clinically indicated or not recently tested. Coagulation tests
do not predict surgical bleeding in healthy children with no history of bleeding
tendency or family history of bleeding disorders.73 Many pediatricians and pediatric
surgeons still insist on coagulation studies in surgeries where hemostasis is vital,
specifically tonsillectomies and neurosurgical procedures.
Table 1
Scoring of Obstructive Sleep Apnea patient for management decisions

(maximum possible score 5 6)

Choose the higher of the following 2 scores and add to OSA severity score below:

Opiate Need or Surgical Invasiveness

0 5 None 0 5 none

1 5 Low dose oral 1 5 Superficial/local anesthesia

2 5 High dose oral 2 5 Peripheral/general anesthesia

3 5 Parenteral/neuroaxial 3 5 Airway/major/abdominal

OSA Severity by PSG Result:

1 5 Mild

2 5 Moderate

3 5 Severe
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SUMMARY

Routine testing is not the standard of care. Table 2 provides a summary of indicated
testing for Ambulatory Surgical procedures.

There is no doubt that we are still over-testing preoperatively. We know that testing
rarely changes management, and rarely affects outcome. We need to base our testing
decisions on a good history and physical and evaluation of effort tolerance, and then
order only those tests which offer information about risk—needed for informed
consent; and those where expected results would alter management or outcome.
Testing may need to be individualized to level of patient medical care and patient
compliance.

It is recommended that anesthesiologists should be doing the ordering as they do it
more appropriately and with effective cost reduction.74

Pasternak,75 in an editorial advocates judicious testing and a formal structure for
preoperative assessment for better implementation of evidence based management
of patients.

There is already three decades of evidence in the literature supporting less testing,
but as adverse outcomes are rare, we need better powered more inclusive prospec-
tive studies to back our current expert opinion based decisions.
Table 2
Summary of tests and their indications for ambulatory surgery (low risk surgery)

Test Indicated Guidelines Exceptions

ECG No Class 3 AHA

Complete blood
count

No Anemia
Anticipated blood loss
Premature infants

bHCG Yes by history Institution
specific

Coagulation
studies/platelets

No Personal/family history of
bleeding diathesis

Anticoagulants
Liver disease
? Tonsillectomy and

neurosurgery controversial

Liver function tests No Risk assessment cirrhosis
Acute history

Pulmonary Functions No Only as part of routine
management of asthma

Arterial blood gases No

UA No Insertion of hardware

PSG No ASA practice
advisory

Diagnosis of severe OSA will
change venue

CXR No

Type and screen Anticipated blood loss >500cc
Rhogam

Electrolytes No Recent change in medications
affecting potassium/electrolytes

Creatinine No Contrast dye study

Glucose No Morning of surgery
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We must also remember that even with best evidence studies, circumstances vary
at different institutions and testing needs to be locally customized to the individual
variations and restrictions of the practice.
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Upper airway patency is essential for normal respiratory function. The maintenance of
a patent airway is dependent primarily on the pharyngeal structures. In some individ-
uals, there is a loss of this airway patency from collapse of pharyngeal soft tissue, and
interruption of airflow occurs during sleep. Obstructive sleep apnea (OSA) is caused
by repetitive partial or complete obstruction of the upper airway, characterized by
episodes of breathing cessation during sleep, which last 10 or more seconds.

From the anesthesiologists’ standpoint, patients with OSA pose significant prob-
lems in the perioperative period, including difficult airways, sensitivity to anesthetic
agents, and postoperative adverse events. OSA has been associated with an increase
in postoperative complications,1,2 and is an independent risk factor for increased
morbidity and mortality.3,4

A recent retrospective matched cohort study in elective surgical patients with OSA
showed that patients with OSA had an increased incidence of postoperative oxygen
desaturation, with a hazard ratio of 2.2 In addition, there is a growing body of literature
showing that patients with OSA undergoing upper airway surgery,5,6 joint replacement
surgery,7 and cardiac surgery8 have an increased risk of postoperative complications.

Optimal patient care begins with a tailored preoperative assessment, to facilitate
patient risk stratification and optimization, followed by formulation of an individualized
perioperative management plan.

PREVALENCE

OSA is the most prevalent breathing disturbance during sleep,9 with an incidence in
the general population estimated in the range of 1 in 4 men and 1 in 10 women.10
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Moderately severe OSA was present in twice as many men (11.4%) than women
(4.7%).11,12 Aside from male gender predominance, OSA is more prevalent in obese
patients; there is a 7 in 10 risk of OSA in patients presenting for bariatric surgery.13

A significant proportion of patients with OSA are undiagnosed before surgery.14 It is
therefore increasingly recognized as a significant perioperative problem.

DIAGNOSIS OF OSA

The diagnosis of OSA is established by an overnight sleep study or polysomnography.
The apnea hypopnea index (AHI) is the number of abnormal respiratory events per
hour of sleep. Classically, the accepted minimal clinical diagnostic criteria for OSA
are an AHI of 10 plus symptoms of excessive daytime sleepiness (American Academy
of Sleep Medicine Task Force 1999). The United States Medicare guidelines diagnose
OSA with an AHI of 15, or an AHI of 5 with 2 comorbidities. Canadian Thoracic Society
guidelines stipulate the diagnostic criteria for OSA as having daytime sleepiness not
explained by other factors, or at least 2 other symptoms of OSA (choking/gasping
during sleep, recurrent awakenings from sleep, unrefreshing sleep, daytime fatigue,
impaired concentration), with an AHI of 5 or more on polysomnography.15

AHI cutoffs have been frequently used to describe the severity of OSA. The Amer-
ican Academy of Sleep Medicine defines mild OSA as AHI between 5 and 15,
moderate OSA as AHI between 15 and 30, and severe OSA as AHI more than 30.16

Clinicians should be cognizant that different published standards of hypopnea defini-
tions might lead to differences in AHI.17

Some other factors used in the evaluation of OSA severity include duration of
oxygen desaturation, rate of desaturation, adequacy of ventilation recovery, and
level/stability of arousal threshold.

COMORBIDITIES AND PREDISPOSING FACTORS ASSOCIATED WITH OSA

OSA is associated with several comorbidities (Table 1): cardiovascular disease,18 including
acute myocardial infarction,19 heart failure,20 arrhythmias,21 hypertension,22 cerebrovas-
cular disease,23 metabolic syndrome,24 obesity, and gastroesophageal reflux.25

Certain patient profiles (male, >50 years old, neck circumference >40 cm), endo-
crine disorders (Cushing disease, hypothyroidism), connective tissue disorders (Mar-
fan syndrome), lifestyle habits (alcohol, smoking), and anatomic abnormalities may
predispose to OSA.26

Upper airway obstruction occurs when the negative pressure generated by the
inspiratory muscles exceeds the capacity of dilator muscles of the upper airway to
maintain airway patency.27 Obesity, with fatty deposits in the tongue and upper
airway, or altered upper airway anatomy (craniofacial abnormalities, macroglossia,
retrognathia) reduce lumen diameter, increasing the propensity for episodic airway
obstruction. Because of the close correlation of obesity and OSA, it has been sug-
gested that screening for OSA and polysomnography be recommended for patients
undergoing bariatric surgery.28

During the preoperative assessment, the anesthesiologist should be aware of these
predisposing factors and comorbidities, to have a heightened index of suspicion when
managing patients suspected of having OSA.

PRACTICAL SCREENING OF PATIENTS WITH SUSPECTED OSA
IN THE PREOPERATIVE CLINIC

A large number of surgical patients with OSA are undiagnosed when they present for
surgery and anesthesia. Polysomnographic diagnosis of OSA is prohibitive as it is



Table 1
Comorbidities associated with OSA

Category Condition Prevalence (%)

Cardiac Treatment resistant hypertension 63 83
Congestive heart failure 76
Ischemic heart disease 38
Atrial fibrillation 49
Dysrhythmias 58

Respiratory Asthma 18
Pulmonary hypertension 77

Neurologic First ever stroke 71 90

Metabolic Type II diabetes mellitus 36
Metabolic syndrome 50
Hypothyroidism 45
Morbid obesity 50 90

Surgical Bariatric surgery 71
Intracranial tumor surgery 64
Epilepsy surgery 33

Others Gastroesophageal reflux disease 60
Nocturia 48
Alcoholism 17
Primary open angle glaucoma 20
Head and neck cancer 76
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costly and resource-intensive. Therefore, anesthesiologists are in need of a practical
preoperative screening tool to identify patients more likely to have true OSA. For safety
reasons, the screening tool should have a high degree of sensitivity, at the expense of
lower specificity.

In a preoperative survey of elective surgeries, 24% of patients were identified as
having a high risk of OSA using the Berlin questionnaire.29 In another study screening
more than 2000 patients, 27.5% of them were classified as being at high risk of OSA
when the STOP questionnaire was used.30 In the preoperative anesthesia assess-
ment, a high index of suspicion for OSA is important.

Snoring is the premier symptom of OSA, and is 100% sensitive. However, it is not
specific and its positive predictive value is low. Several questionnaire-based
screening tools have been successfully developed. The Berlin questionnaire is a 10-
item self-report instrument validated initially in the primary care setting.31 It consists
of 5 questions on snoring, 3 questions on excessive daytime sleepiness, 1 question
on sleepiness while driving, and 1 question inquiring about a history of hypertension.
Details pertaining to age, gender, weight, height, and neck circumference are also
recorded. A study screening preoperative patients using the Berlin questionnaire
determined that it had a sensitivity of 69% and a specificity of 56% in surgical
patients.32 The drawback of the Berlin questionnaire is the complicated scoring
system and the large number of questions.

In 2006, the American Society of Anesthesiologists (ASA) taskforce on OSA devel-
oped a tool to assist anesthesiologists in identifying patients with OSA. The tool
comprises a 14-item checklist categorized into physical characteristics, history of
apparent airway obstruction during sleep, and complaints of somnolence.33 The
sensitivity of the ASA checklist was 79% and 87% at AHI cutoff level of 15 or more
and 30 or more.32
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Subsequently, a more concise and easy-to-use clinical screening tool for anesthe-
siologists was developed (Box 1): the STOP questionnaire (S, snore loudly; T, daytime
tiredness; O, observed to stop breathing during sleep; P, high blood pressure). The
sensitivity of the STOP questionnaire with AHI of 15 or more and 30 or more as cutoffs
was 74% and 80%, respectively, and the specificity 53% and 49%, respectively.30

When incorporating 4 additional variables with the acronym Bang (B, body mass index
[BMI, calculated as weight in kilograms divided by the square of height in meters] >35
kg/m2; A, more than 50 years old; N, neck circumference greater than 40 cm; G, male
gender), the STOP-Bang questionnaire (see Box 1) improved the sensitivity to 93%
and 100% at AHI cutoffs of 15 or more and 30 or more, respectively.30 The specificity
of the STOP-Bang was 43% and 37%, respectively.

There was no significant difference in the predictive parameters of the Berlin ques-
tionnaire, the ASA checklist, and the STOP questionnaire. All the questionnaires
showed a moderately high level of sensitivity for OSA screening (Table 2). The sensi-
tivities of the Berlin questionnaire, the ASA checklist, and STOP questionnaire were
similar: 69% to 87%, 72% to 87%, and 66% to 80% at different AHI cutoffs.30,32

A recent meta-analysis of clinical screening tests for OSA identified 26 different clin-
ical prediction tests, with 8 in the form of questionnaires, and 18 algorithms, regression
models, or neural networks.34 As a preoperative screening test, the summary recom-
mendation based on ease of use, false-negative rate, and test accuracy stated that the
STOP-Bang questionnaire was a user-friendly and excellent method to predict severe
OSA (AHI >30) with a diagnostic odds ratio of 142.34 The linear scale and the simple
acronym make the STOP-Bang practical and easy to use in the preoperative setting.

Several other simple screening modalities have been described and may add value
to predicting the patient with OSA in the preoperative period. The modified Mallampati
score assesses the relative tongue size in the oral cavity. A class 3 or 4 modified Mal-
lampati score suggests possible anatomic obstruction and the presence of OSA.35

Waist circumference of 102 cm (40 inches) or more also correlated well with increased
AHI.36
NOCTURNAL OXIMETRY AND HOME SLEEP TESTING

Nocturnal oximetry may be a sensitive and specific tool to detect OSA in surgical
patients. The authors’ recent research found that there was a strong correlation
between oxygen desaturation index (ODI) from nocturnal oximetry and the AHI from
polysomnography.37 ODI greater than 5, ODI greater than 15, and ODI greater than
30 were sensitive and specific predictors for surgical patients with AHI greater than
5, AHI greater than 15, or AHI greater than 30, respectively. The sensitivity was found
to be 75% to 95% and the specificity 67% to 97%.37

Multichannel home sleep testing is another modality that is easy to use and may be
accurately performed. It improves access and may be an excellent diagnostic tool for
OSA.38
EVALUATION OF PATIENTS WITH SUSPECTED OSA IN THE PREOPERATIVE CLINIC

A patient is at high risk of OSA if 2 items or more score positive on the STOP question-
naire, or 3 items or more score positive on the STOP-Bang questionnaire (see Box 1,
Fig. 1). Urgent or emergent surgery should not be delayed for the detailed evaluation
of suspected OSA. Based on recent research, expert opinion, and the collation of
various departmental protocols on OSA, a flow diagram for the suggested preopera-
tive evaluation of a suspected OSA patient is outlined in Fig. 1.



Box 1

OSA screening tools

STOP questionnaire

1. Snoring: do you snore loudly (loud enough to be heard through closed doors)?

Yes/No

2. Tired: do you often feel tired, fatigued, or sleepy during daytime?

Yes/No

3. Observed: has anyone observed you stop breathing during your sleep?

Yes/No

4. Blood pressure: do you have or are you being treated for high blood pressure?

Yes/No

High risk of OSA: answering yes to 2 or more questions.
Low risk of OSA: answering yes to fewer than 2 questions.

STOP Bang scoring model

1. Snoring: do you snore loudly (loud enough to be heard through closed doors)?

Yes/No

2. Tired: do you often feel tired, fatigued, or sleepy during daytime?

Yes/No

3. Observed: has anyone observed you stop breathing during your sleep?

Yes/No

4. Blood pressure: do you have or are you being treated for high blood pressure?

Yes/No

5. BMI: BMI more than 35 kg/m2?

Yes/No

6. Age: age more than 50 years old?

Yes/No

7. Neck circumference: neck circumference greater than 40 cm?

Yes/No

8. Gender: male?

Yes/No

High risk of OSA: answering yes to 3 or more items.
Low risk of OSA: answering yes to fewer than 3 items.
Adapted from Chung F, Yegneswaran B, Liao P, et al. STOP questionnaire: a tool to screen
patients for obstructive sleep apnea. Anesthesiology 2008;108:812 21; with permission.
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If the high-risk patient is presenting for major elective surgery and has comorbidities
suggestive of long-standing severe OSA, the anesthesiologist could consider a preop-
erative referral to the sleep physician. Subsequently, a formal polysomnography or
a multichannel home sleep test may be performed if resources permit. These comor-
bidities include uncontrolled hypertension, heart failure, arrhythmias, cerebrovascular
disease, morbid obesity, and metabolic syndrome. A timely and early consult is helpful
so that the sleep physician has adequate time to prepare a perioperative management



Table 2
Screening questionnaires for OSA

Berlin
Questionnaire ASA Checklist STOP Questionnaire

STOP Bang
Questionnaire

Netzer et al 200331 Gross et al 200633 Chung et al 200830 Chung et al 200830

Clinician
administered

Clinician
administered

Self administered Clinician
administered

Validated in primary
care setting and
perioperative
setting

Validated in
perioperative
setting

Validated in
perioperative
setting

Validated in
perioperative
setting

10 item 14 item 4 item 8 item

3 categories:
snoring, daytime
sleepiness, driving

3 categories:
predisposing
characteristics,
symptoms of OSA,
complaints

No categories No categories

High risk if 2 or more
categories score
positive

High risk if 2 or more
categories score
positive

High risk if 2 or more
items score
positive

High risk if 3 or more
items score
positive

For AHI >30
Sensitivity 87%
Specificity 46%
PPV 32%
NPV 93%

For AHI >30
Sensitivity 87%
Specificity 36%
PPV 28%
NPV 91%

For AHI >30
Sensitivity 80%
Specificity 49%
PPV 30%
NPV 90%

For AHI >30
Sensitivity 100%
Specificity 37%
PPV 31%
NPV 100%

For AHI >15
Sensitivity 79%
Specificity 51%
PPV 51%
NPV 78%

For AHI >15
Sensitivity 79%
Specificity 37%
PPV 45%
NPV 73%

For AHI >15
Sensitivity 74%
Specificity 53%
PPV 51%
NPV 76%

For AHI >15
Sensitivity 93%
Specificity 43%
PPV 52%
NPV 90%

Complicated scoring
procedure

Clinician required to
complete checklist

Concise, easy to use Improve sensitivity
compared with
the STOP
questionnaire

Abbreviations: NPV, negative predictive value; PPV positive predictive value.
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plan, which may include positive airway pressure (PAP) treatment.33 Major elective
surgery may have to be deferred in patients with a high clinical suspicion of severe
OSA with systemic complications.

The specificity of these screening tests is in the range of 37% to 53% for severe
OSA. Therefore there is a high false-positive rate. The decision for further preoperative
testing (eg, polysomnography) should depend on the clinical judgment and expertise
of the attending physician, taking into account the patient-specific and logistical
considerations.

On the other hand, there may be patients who are at high risk on the OSA screening
questionnaires, but who are otherwise without significant comorbidities. These
patients may be scheduled to undergo minor surgery. In addition, some of them
may have had uneventful general anesthesia in the past. These at-risk patients may
represent false-positives on screening, or represent patients with mild OSA with AHI
less than 15. Screening positive on the OSA questionnaires would raise the awareness
of the anesthesia health care team so that perioperative precautions for possible OSA



Fig. 1. Preoperative evaluation of the patient with known or suspected OSA in the anes
thesia clinic *Perioperative OSA precautions include anticipating possible difficult airway,
use of short acting anesthetic agents, opioid avoidance, verifying full neuromuscular block
reversal, and extubation in a nonsupine position. zPAP therapy: continuous PAP, bilevel PAP,
or autotitrating PAP.
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might be undertaken (Table 3). These patients can be assumed to have mild/moderate
OSA. If subsequent intraoperative (difficult airway) or postoperative events (postanes-
thesia care unit [PACU] recurrent respiratory events) suggest a higher probability of
OSA, a polysomnography and a sleep physician referral after surgery may be indi-
cated. More research is needed to define the optimal clinical pathways for these
surgical patients with increased OSA risk.

Because of the high sensitivity and negative predictive value of the OSA screening
tools, the incidence of false-negatives would be low. Therefore patients who are at low
risk of OSA (<2 on STOP or <3 on STOP-Bang) would not likely have OSA. These
patients may be managed with routine perioperative care (see Fig. 1).
EVALUATION OF PATIENTS WITH KNOWN OSA IN THE PREOPERATIVE CLINIC

In patients who are known to have OSA, the severity of the sleep disorder may be
assessed from the patient history or from previous polysomnography results (see
Fig. 1). Long-standing OSA may have systemic complications, which should be ascer-
tained. These complications include hypoxemia, hypercarbia, polycythemia, and cor



Table 3
Perioperative anesthetic management of the patient with OSA

Phase Anesthetic Concern Principles of Management

Preoperative
period

Cardiac arrhythmias and unstable
hemodynamic profile

Indirect evidence advocating the usefulness of PAP to reduce cardiac arrhythmias,
stabilize variable blood pressure, and decrease myocardial oxygen consumption

Multisystemic comorbidities Preoperative risk stratification and patient optimization
Individualized intraoperative anesthetic management tailored to comorbidities

Sedative premedication a2 adrenergic agonist (clonidine, dexmedetomidine) premedication may reduce
intraoperative anesthetic requirements and have an opioid sparing effect

OSA risk stratification, evaluation
and optimization

Preoperative anesthesia consults for symptom evaluation, airway assessment,
polysomnography if indicated, and formulation of anesthesia management

Intraoperative
period

Difficult intubation (8 times
more prevalent)

Sniffing position
Ramp from scapula to head
Adequate preoxygenation
ASA difficult airway algorithm

Opioid related respiratory
depression

Opioid avoidance or minimization
Use of short acting agents
Regional and multimodal analgesia (nonsteroidal antiinflammatory drugs,

acetaminophen, tramadol, ketamine, gabapentin, pregabalin, dexamethasone)
Carry over sedation effects from longer

acting intravenous sedatives and
inhaled anesthetic agents

Use of propofol for maintenance of anesthesia
Use of insoluble potent anesthetic agents (desflurane)

Excessive sedation in monitored
anesthetic care

Use of capnography for intraoperative monitoring

Reversal of
anesthesia

Postextubation airway
obstruction and desaturations

Verification of full reversal of neuromuscular blockade
Ensure patient fully conscious and cooperative before extubation
Semiupright posture for recovery

Immediate
postoperative
period

Suitability for day case surgery Lithotripsy, superficial, or minor orthopedic surgeries using local or regional
techniques may be considered for day surgery

No requirement for high dose postoperative opioids
Transfer arrangement to inpatient facility should be available

Postoperative respiratory event
in known and suspected high
risk patients with OSA

Longer monitoring in the PACU
Continuous oximetry monitoring and PAP therapy may be necessary if recurrent PACU

respiratory events occur (desaturation, apnea, bradypnea, pain sedation mismatch)
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pulmonale. A simple screening tool in the preoperative clinic may be pulse oximetry. In
the authors’ opinion, an oxygen saturation value of less than 94% in room air in the
absence of other causes should be a red flag for severe long-standing OSA. The pres-
ence of comorbidities such as uncontrolled hypertension, arrhythmias, cerebrovas-
cular disease, heart failure, metabolic syndrome, and obesity should be determined.
A detailed list of associated comorbidities is found in Table 1. The use of continuous
PAP or other PAP devices and the compliance with PAP therapy should be assessed
for the subgroup of patients who have been prescribed with PAP therapy.

Patients with a known diagnosis of OSA, who have been lost to sleep medicine
follow-up, have had recent exacerbation of OSA symptoms, have undergone OSA-
related airway surgery, or have been noncompliant with PAP treatment may have to
be referred to the sleep physician for reassessment preoperatively. Due consideration
should be given to the reinitiation of preoperative PAP in the noncompliant patient,
although evidence is lacking in this preoperative context.

Patients with moderate and severe OSA who have been on PAP therapy should
continue PAP therapy in the preoperative period.33 Perioperative OSA precautions
should be taken (see Table 3). These measures include anticipating possible difficult
airways, the use of short-acting anesthetic agents, opioid avoidance or minimization if
possible, full reversal before endotracheal extubation, and extubation in a nonsupine
position. It is unclear from the current literature if mild OSA (AHI >5–15) is a significant
disease entity. In the authors’ opinion, patients with mild OSA would not require
preoperative PAP therapy. Patients with mild OSA, without respiratory events in the
PACU, may be managed with routine perioperative care.

For all patients with known OSA, there should also be a focus on airway assess-
ment, Mallampati scoring,35 and formulation of a perioperative management plan.
Patient-specific comorbidities should be assessed and optimized. The anesthesiolo-
gist should engage the patient to explore the various anesthetic options and discuss
patient-specific risks pertaining to OSA. Sedative premedication should be avoided.
PREOPERATIVE PAP THERAPY

Conventional PAP therapy acts as an airway stent and is the primary treatment of
patients with OSA. There are several kinds of PAP devices: continuous PAP, autotitrat-
ing PAP, and bilevel PAP. PAP therapy has been shown to alleviate undesirable symp-
toms of OSA.39 PAP has the potential to reduce cardiac rhythm abnormalities,40

stabilize variability of blood pressure,41 and improve the hemodynamic profile.42

One week of PAP treatment has been shown to improve pharyngeal collapsibility
and increase pharyngeal cross-sectional area.43 In an 18-year follow-up cohort study,
PAP was found to be protective against cardiovascular death and improved survival.3

However, high level of evidence is lacking in the perioperative context. It is still
unclear if the use of PAP therapy reduces adverse events attributed to OSA in rigorous
randomized controlled trials. Only 1 study of 53 patients with severe OSA undergoing
uvulopalatopharyngoplasty with preoperative PAP therapy showed reduction in the
surgical risk and perioperative complications.44

Taking into account the low level of invasiveness of PAP therapy, its short-term use
immediately preoperatively may be considered, particularly in patients with severe
OSA.33 Based on consensus opinion, patients already on treatment with PAP should
be advised to continue the treatment perioperatively, and to bring the PAP device to
the hospital on admission. Further research in this area is warranted.

Anesthesiologists should be aware that asymptomatic patients might not easily
accept PAP therapy. Appropriate timing for surgery should be a joint decision made
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by the anesthesiologist, the surgeon, and the patient, weighing the risks of delaying
the surgery and the benefits of preoperative OSA investigation and PAP treatment.
OSA AND DIFFICULT AIRWAYS

Upper airway abnormalities, which predispose to OSA, share a similar etiologic
pathway with difficult airways: mask ventilation and tracheal intubation. Snoring and
OSA were found to be independent risk factors for difficult or impossible mask venti-
lation.45 In a retrospective matched case-control study of 253 patients, difficult intuba-
tions was found to occur 8 times as often in the patients with OSA versus the control
group (21.9% vs 2.6%, P<.05). OSA therefore is a risk factor for difficult endotracheal
intubation.46 In another study of more than 1500 patients, OSA, but not the magnitude
of the BMI, was associated with a higher incidence of difficult laryngoscopy.47 In
patients undergoing uvulopalatopharyngoplasty, an AHI greater than 40 was
a predictor for difficult intubation.48

In support of the strong association between OSA and a difficult airway, the corol-
lary is also true: patients with difficult intubations have a higher risk of being diagnosed
with OSA.49 In a prospective study looking at the correlation between OSA and difficult
intubations, the authors found that 66% of patients with unexpected difficult intuba-
tion were later diagnosed with OSA by polysomnography. Patients with difficult intu-
bation are at high risk for OSA and should be screened for signs and symptoms of
sleep apnea and may have to be referred for sleep studies.50

There are several clinical features that the anesthesiologist associates with difficult
intubations, which are likewise linked with the propensity for obstruction in the unsup-
ported upper airway during sleep and anesthesia. These features include obesity,
increased neck circumference,51 limited neck extension, nasal obstruction, a crowded
oropharynx (including decreased pharyngeal width, a high Mallampati score,
decreased retrolingual airway size,52 an enlarged tongue or tonsils), dental abnormal-
ities, limited mouth opening, hypoplasia of the maxilla or mandible, decreased thyro-
mental distance, and increased mandibular angle. A detailed airway assessment
should be performed in the preoperative clinic in anticipation of possible difficult
airways.

Adequate intraoperative preparation is recommended for the airway management
of the patient with OSA. Patients should be in the optimal ‘‘sniffing’’ position before
the induction of general anesthesia. Proper position for ventilation and laryngoscopy
aligns the ear with the sternal notch in a straight line. A ramp may be built under the
patient from the scapula to the head. This strategy is prudent, particularly in morbidly
obese patients with OSA. To achieve this, blankets or other devices like the Troop
Elevation Pillow (Mercury Medical, FL, USA) may be placed under the patient’s
head and shoulders.53 Oropharyngeal and nasal airways may be useful to bypass
the upper airway obstruction and should be readily available when mask ventilation
is difficult. Videolaryngoscopy techniques may also be useful and improve intubating
conditions in these patients.54

Full preoxygenation should be performed with the patient breathing an FIO2 of 1.0 for
3 minutes via a tightly fitted mask. The application of PAP at induction may also
improve oxygenation and prevent airway obstruction.55 Gastroesophageal reflux is
common in patients with OSA with hypotonia of the lower esophageal sphincter.56

Rapid sequence induction and cricoid pressure may be considered in this context.
A variety of airway adjuncts and skilled anesthesia assistance should be made avail-

able in advance for dealing with the possible difficult airway. ASA practice guidelines



Obstructive Sleep Apnea: Preoperative Assessment 209
for the management of the difficult airway may be used as a roadmap to assist the
anesthesiologist.57

PLANNING FOR LOCAL, REGIONAL, OR GENERAL ANESTHESIA

The use of local and regional blocks (neuroaxial or peripheral nerve blocks) as a sole
anesthetic without sedation may potentially be beneficial to the patient with OSA as it
circumvents the issue of upper airway patency in the perioperative period. Based on
expert opinion and consensus by consultants, ASA guidelines recommend regional
anesthesia rather than general anesthesia for peripheral surgery.33 The ASA guide-
lines, however, remain equivocal regarding whether combined regional and general
anesthetics techniques are useful.

PLANNING FOR POSTOPERATIVE ANALGESIA

Optimal intraoperative management encompasses knowledge of the problems asso-
ciated with OSA, and taking measures to minimize the aggravating effects of anes-
thesia. Patients with OSA are sensitive to the respiratory depressant effects of
anesthetic drugs, in particular opioid analgesic agents. This sensitivity is largely a result
of the propensity of airway collapse, sleep deprivation, and blunting of the physiologic
response to hypercarbia and hypoxia. Therefore avoidance or minimization of the use
of longer-acting anesthetic drugs should be recommended.

The dangers of opioid use in patients with evidence of a compromised upper airway
have been highlighted in several case reports. The use of morphine in patients with
OSA has been associated with severe respiratory depression and even death.58,59

Postoperative oxygen desaturations were 12 to 14 times more likely to occur in
patients with OSA receiving oral or parenteral opioids after surgery versus nonopioid
analgesic agents.60

A multimodal approach for analgesia is therefore advocated,61 where a combination
of analgesics from different classes is used. Medications such as nonsteroidal antiin-
flammatory drugs, acetaminophen, tramadol, ketamine, gabapentin, pregabalin,
clonidine, and dexamethasone are used to alleviate the opioid-related adverse effects
of respiratory depression in susceptible patients with OSA. Dexmedetomidine has
been purported in several case reports to have beneficial effects in patients with
OSA because of the lack of respiratory depression and opioid-sparing effects in the
perioperative period.62–65

The postoperative use of nerve-block catheters or epidural catheters with local anes-
thetics obviates systemic opioid analgesics. This system potentially reduces the risk of
sedation and upper airway obstruction. However, this is not the case if neuroaxial opioids
are administered. The occurrence of sudden postoperative respiratory arrests from
epidural opioids has been reported in a case series of 3 patients with OSA.66 Likewise,
if postoperative systemicstrong opioidanalgesicsare administered after a regional anes-
thetic, the patient with OSA is at increased risk for respiratory complications.67

PLANNING FOR AMBULATORY SURGERY

Controversy exists as to whether patients with OSA should be treated on an ambula-
tory basis. ASA guidelines highlighted that superficial surgeries or minor orthopedic
surgery using local or regional techniques and lithotripsy may be performed on an
ambulatory basis.33 Considerations include the types of surgeries, the comorbidities,
patient age, status (treated vs untreated) and severity of OSA, use of postoperative
opioids, type of anesthesia, and the level of home care.33



Seet & Chung210
Based on expert opinion, in the absence of moderate to severe OSA, recurrent
PACU respiratory events (apnea, bradypnea, desaturation),68 and the need for strong
postoperative opioids for analgesia, patients may be discharged home at the discre-
tion of the attending anesthesiologist (Fig. 2). Ambulatory surgical facilities managing
patients with OSA should have transfer arrangements to an inpatient facility, and be
equipped to handle the problems (eg, difficult airway, postoperative respiratory
depression) associated with the patient with OSA.
PLANNING FOR INPATIENT SURGERY

Depending on the severity of the OSA, the extent of the surgery, and the type of anes-
thetics administered, and postoperative analgesics required, the patient may shift to
the higher end of the risk continuum, increasing the need for step-down care (see
Fig. 2. Postoperative management of the patient with known or suspected OSA after
general anesthesia. #Recurrent PACU respiratory event: any event occurring more than
once in each 30 minute evaluation period (it does not have to be the same event). (Data
from Gali B, Whalen FX, Schroeder D, et al. Identification of patients at risk for postopera
tive respiratory complications using a preoperative obstructive sleep apnea screening tool
and postanesthesia care assessment. Anesthesiology 2009;110:869 77.) yMonitored bed:
environment with continuous oximetry and the possibility of early nursing intervention
(eg, step down unit, general surgical ward near nursing station, or remote pulse oximetry
with telemetry in surgical ward).
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Fig. 2). The anesthesiologist should ensure that a postoperative monitored bed is
available for a patient with a high AHI undergoing major surgery or airway surgery.
A monitored bed refers to an environment with continuous oximetry with the possibility
of early nursing intervention (eg, step-down unit, or general surgical ward near the
nursing station, or remote continuous oximetry with telemetry).

After general anesthesia, the authors recommend that all patients with known OSA
or patients with suspected OSA (positive on screening with STOP or STOP-Bang)
should be observed in PACU with continuous pulse oximetry for a longer period
than a patient without OSA.33

The decision of whether the patient requires postoperative inpatient monitoring
is dependent on the judgment and discretion of the attending anesthesiologist.
Based on expert opinion and a collation of various departmental protocols on
OSA, Fig. 2 presents a simple algorithm to guide the anesthesiologist in making
the decision regarding the postoperative disposition of the patient with OSA. For
all patients with known OSA or patients with suspected OSA (R2 criteria on
STOP, or R3 criteria on STOP-Bang) who have undergone general anesthesia,
the authors propose an extended PACU observation of at least 30 to 60 minutes
in an unstimulated environment after the patient has met the modified Aldrete
criteria for discharge.

To determine whether the patient with known OSA or the patient with suspected
OSA requires continuous postoperative monitoring, observation of recurrent PACU
respiratory events can be used as a second-phase approach to guide further manage-
ment. A single PACU respiratory event occurs when a patient has apnea for 10
seconds or more (1 episode needed for yes), bradypnea of less than 8 breaths per
minute (3 episodes needed for yes), pain-sedation mismatch, or desaturation to less
than 90% with nasal cannula (3 episodes needed for yes). Recurrent PACU respiratory
events occur when any 1 of the PACU respiratory events occurs in 2 separate 30-
minute time blocks (it does not have to be the same event).68

Patients who are at high risk of OSA on the screening questionnaires, and have
recurrent PACU respiratory events, are associated with higher postoperative respira-
tory complication.68 It may be prudent to place these patients in a monitored bed post-
operatively. Depending on the degree of desaturation, these patients may also require
postoperative PAP therapy (see Fig. 2).

Patients with known OSA who have been noncompliant with PAP therapy or have
severe OSA (AHI > 30) may have to be fitted with postoperative PAP therapy and cared
for in a monitored environment with oximetry, especially if there has been a recurrent
PACU respiratory event (see Fig. 2). Patients with moderate OSA (AHI 16–30) requiring
postoperative parenteral opioids or higher dose oral opioids (>60 mg codeine every 4
hours or equivalent), and without recurrent PACU respiratory events can be managed
postoperatively on the surgical ward with continued periodic monitoring (see Fig. 2). It
may also be expedient to place patients requiring postoperative parenteral opioids on
supplemental oxygen.69 Patients with mild OSA who have undergone minor surgery,
without recurrent PACU respiratory events, and without the need for higher dose of
oral opioids, may be discharged home (see Fig. 2).

Newer remote pulse oximetry monitoring devices enable data from a bedside
monitor to be continuously streamed wirelessly to a central observation station (eg,
Oxinet III telemetry, Nellcor, CO, USA) or paging system. This technology may be
useful in the context of postoperative monitoring of patients with OSA. However,
studies are lacking in this area. This technology potentially allows patients with OSA
to be cared for postoperatively in the surgical ward instead of the step-down unit,
thus lessening caregiver burden.
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Recently our research found that patients with OSA have more profound increases
in AHI after surgery, with a peak on night 3 and returning to preoperative level only on
night 7.70 Therefore monitoring the patient with OSA overnight may not safeguard
against all respiratory events in the first postoperative week. Further research on the
postoperative management of patients with OSA is essential.

SUMMARY

In the perioperative setting, OSA is underappreciated, with a high proportion of
patients being undiagnosed. Patients with OSA have a plethora of comorbid condi-
tions, and may be associated with less favorable postoperative outcomes. Surgical
patients with OSA are vulnerable to the aggravating effects of sedation and opioid
analgesia. Adverse outcomes such as episodic sleep-related desaturations and
cardiorespiratory arrest may result in extreme cases.

The patient with OSA poses special challenges to the anesthesiologist in the perio-
perative period. Preoperative evaluation through vigilant screening and formulation of
an anesthesia management plan may ameliorate the perioperative morbidity associ-
ated with patients with OSA.
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Postoperative pain remains a challenging problem, which requires a proactive
approach using a variety of treatment modalities to obtain an optimal outcome with
respect to enhancing patient comfort and facilitating the recovery process. Multimodal
(or balanced) analgesia represents an increasingly popular approach to preventing
postoperative pain. The approach involves administering a combination of opioid
and nonopioid analgesics that act at different sites within the central and peripheral
nervous systems in an effort to improve pain control while eliminating opioid-related
side effects.1–5 The adaptation of multimodal (or balanced) analgesic techniques as
the standard approach for the prevention of pain in the ambulatory setting is one of
the keys to improving the recovery process after day-case surgery.1,6

Poorly controlled pain is a major factor contributing to a delayed discharge after
ambulatory surgery.2,4 Improving postoperative pain control accelerates the ability of
patients to resume their activities of daily living.5 Many patients undergoing ambulatory
surgery continue to experience unacceptably high levels of pain after their operation.2–4

Despite recent advances in our knowledge of multimodal analgesic therapies1 and
progress in our understanding of the pathophysiologic basis of acute pain, there
remains a need for clinicians to implement evidence-based, procedure-specific
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multimodal analgesic protocols, which are modified to meet the needs of individual
patients and to enhance the quality of postoperative pain management.6

The armamentarium of analgesic drugs and techniques for the management of
postoperative pain continues to grow at a rapid rate. However, there seems to be
a significant disconnect between the publication of analgesic studies in the peer-
reviewed literature, demonstrating approaches to improving acute pain management
and the application of these concepts in clinical practice. A part of the problem relates
to the increasing number and complexity of elective operations that are being per-
formed on an ambulatory (or short-stay) basis in which the use of conventional
opioid-based intravenous patient controlled analgesia and central neuraxial (spinal
and epidural) analgesia techniques are simply not practical for acute pain manage-
ment. This rapidly expanding patient population requires an aggressive perioperative
analgesic regimen that provides effective pain relief, has minimal side effects, is intrin-
sically safe, and can be managed by the patient and their family members away from
a hospital or surgical center.

One of the most important factors in determining when a patient can be safely dis-
charged from a surgical facility, and that also has a major influence on the patient’s
ability to resume their normal activities of daily living, is the adequacy of postoperative
pain control.3,7 Perioperative analgesia has traditionally been provided using potent
opioid (narcotic) analgesics. However, extensive reliance on opioid medication for
acute pain management is associated with a variety of perioperative complications
(eg, drowsiness and sedation, postoperative nausea and vomiting (PONV), pruritus,
urinary retention, ileus, constipation, ventilatory depression), which can contribute
to a delayed hospital discharge and resumption of normal activities of daily living.8

Anesthesiologists are increasingly using a combination of nonopioid analgesic medi-
cations as the first line of therapy for the prevention of pain in the postoperative period.
However, opioid analgesics will likely remain the primary treatment option for patients
who require rescue analgesic therapy in the postoperative period until more potent
and rapid-acting nonopioid analgesics become available for routine clinical use.

In 2000, the Joint Commission on Accreditation of Healthcare Organizations
(JCAHO) introduced new standards that mandated pain assessment and treatment
as part of routine patient care in an attempt to improve control of acute pain. Many
medical institutions have misinterpreted this mandate as requiring that the treatment
of pain must be guided by patient reports of pain intensity indexed to a numerical pain
scale.5 After the implementation of a routine numeric pain scoring system in the
recovery room, Frasco and colleagues9 reported a significant increase in the use of
opioid analgesics. Vila and colleagues10 reported that as a result of the JCAHO-
mandated policy for pain management, the incidence of opioid-related adverse reac-
tions increased from 11 to 25 per 100,000 inpatient days at their medical center. Most
adverse drug reactions were preceded by a documented decrease in the patient’s
level of consciousness due to opioid-related sedation. In the ambulatory setting, the
primary factor responsible for postdischarge nausea and vomiting is the use of oral
opioid-containing analgesics.11 Raeder and colleagues12 reported that the use of
ibuprofen after ambulatory surgery was associated with fewer gastrointestinal side
effects (eg, PONV, constipation) when compared with the use of an oral combination
of acetaminophen and codeine.

Early studies evaluating approaches to facilitating the recovery process have
demonstrated that the use of multimodal analgesic techniques can improve early
recovery as well as other clinically meaningful outcomes after ambulatory surgery.13,14

These benefits have been confirmed in more recent studies15,16 and are currently the
recommended practice in most fast-track clinical care plans.5 It is clear that the
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reliance on a single nonopioid analgesic modality (eg, local analgesics, nonsteroidal
antiinflammatory drugs [NSAIDs], and/or acetaminophen) will not suffice to control
moderate to severe postoperative pain, and excessive reliance on opioid analgesics
produces undesirable side effects.8,17 The short- and long-term benefits of using
multimodal analgesia regimens to reduce opioid-related side effects remain contro-
versial, because the definition of multimodal analgesia is not uniform in the anesthesia
and surgery literature.1 In some contexts, multimodal analgesia refers to systemic
administration of analgesic drugs with different mechanisms of action, whereas in
other situations it refers to concurrent application of analgesic pharmacotherapy in
combination with regional analgesia.

A deficiency in the design of many of the published studies involving multimodal
analgesic therapies is that the drug regimens were not continued into the postdi-
scharge period.18 For example, only immediate pre- and postoperative administration
of the cyclooxygenase 2 (COX-2) inhibitor rofecoxib as part of a multimodal analgesic
regimen in outpatients undergoing inguinal hernia repair provided limited benefits
beyond the early postoperative period.19 However, when the COX-2 inhibitors are
administered for 3 to 5 days after ambulatory surgery,15,16 the greater benefits were
achieved with respect to clinically relevant patient outcomes (eg, resumption of normal
activities) and improvements in pain control. While opioid analgesics continue to play
an important role in the acute treatment of moderate to severe pain in the early post-
operative period, nonopioid analgesics will likely assume a greater role as preventative
analgesics in the future as the number of minimally invasive (keyhole) surgery cases
continues to expand.

Nonopioid analgesics are increasingly being used as adjuvants before, during, and
after surgery to facilitate the recovery process after ambulatory surgery because of
their anesthetic- and analgesic-sparing effects and their ability to reduce postopera-
tive pain (with movement), opioid analgesic requirement, and side effects, thereby
shortening the duration of the hospital stay. The use of traditional NSAIDs, COX-2
inhibitors, acetaminophen,20–23 ketamine,24,25 dexmedetomidine,26,27 dextromethor-
phan, alpha2-agonists, gabapentin,28–30 pregabalin,31–34 b-blockers,35–39 and gluco-
corticoid steroids can provide beneficial effects when administered in appropriate
doses as part of a multimodal analgesic regimen in the perioperative setting.1,8,40

Dexamethasone when used as an adjuvant decreases oxycodone consumption and
helps to reduce postoperative pain.41–43 Recent studies have confirmed that a rational
combination of different nonopioid analgesics when given as part of multimodal anal-
gesia reduces postoperative pain.32,44,45

The potential beneficial effects of administering local anesthetics via alternative
routes of administration for improving the perioperative outcomes continue to be
investigated. The administration of intranasal lidocaine in combination with naphazo-
line decreased both intra- and postoperative pain and reduced rescue analgesic
requirements in the postoperative period.46 Although intra-abdominal administration
of levobupivacaine was alleged to produce satisfactory analgesia in patients under-
going abdominal hysterectomy procedures, the study was flawed due to the failure
to include a placebo control group.47 However, other studies have demonstrated
the effectiveness of the intravenous infusion of lidocaine in reducing postoperative
pain and facilitating the recovery process.48–51 Yardeni and colleagues52 suggested
that perioperative administration of intravenous lidocaine could improve early postop-
erative pain control and reduce surgery-induced immune alterations.

The use of continuous local anesthetic techniques (eg, for perineural blocks or wound
infiltration) has become increasingly popular due to their ability to control moderate to
severe pain after major ambulatory orthopedic surgery procedures.53–57 The availability
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of disposable local anesthetic infusion systems and the encouraging results from these
early studies have led to the increasing popularity of these techniques for pain control in
the postdischarge period. However, the clear benefits of these approaches for
managing pain after ambulatory surgery must be balanced against the cost of the
equipment and the resources needed to safely manage these systems outside the
hospital environment.

Topical capsicum has also been found to produce prolonged analgesic effects
because of its ability to alter nociceptive input at the peripheral nerve ending.58 The
use of transcutaneous electrical nerve stimulation and acupoint stimulation has also
been reported to improve postoperative pain management. Because these tech-
niques cause no adverse effects, their use as an adjunct to conventional pharmaceu-
tical approaches could be considered, particularly for patients in whom conventional
analgesic techniques fail and/or are accompanied by severe medication-related
adverse events.59,60

Preemptive analgesic techniques have been postulated to provide superior anal-
gesia by preventing the establishment of central sensitization.61 However, this
approach does not seem to offer any clinically significant advantages over so-called
preventative multimodal analgesic regimens when an effective pro-active approach
to pain management is initiated in the early postoperative period and extended into
the postdischarge period.62

Of importance for improving the quality of pain control and facilitating recovery in
the future is the need to educate patients and their family members (caregivers) about
the importance of continuing their analgesic medications after the patient leaves the
hospital or day-surgery center. It is also important to emphasize the need for collab-
oration between the various health care providers involved in the patient’s periopera-
tive care (eg, anesthesiologists, surgeons, nurses, and physiotherapists) to integrate
improved perioperative pain management strategies with the recently described
fast-track recovery paradigms.5 This type of multi-disciplinary approach has been
documented to improve the quality of the recovery process and reduce the hospital
stay and postoperative morbidity, leading to a shorter period of convalescence after
surgery.63

A critical assessment of the peer-reviewed literature regarding the optimal anal-
gesic therapies for outpatient laparoscopic cholecystectomy by Bisgaard64

concluded that a multimodal analgesic regimen consisting of a preoperative single
dose of dexamethasone, incisional local anesthetics (at the beginning and/or end
of surgery), and continuous treatment with NSAIDs (or COX-2 inhibitors) during the
first 3 to 4 days provided the best clinical outcome. It was further suggested that
elimination of opioid-based analgesia would be highly desirable in the future.
These important findings have been confirmed by White and colleagues.15 In
a prospective, placebo-controlled study, involving the administration of celecoxib
on the day of surgery and subsequently for 3 days after outpatient laparoscopic
surgery as part of a multimodal analgesic regimen, it was found that celecoxib-
treated patients not only experienced less pain and reduced need for opioid-con-
taining oral analgesics but also (more importantly) were able to resume normal
activities of daily living 1 to 2 days earlier.

With the more widespread use of multimodal perioperative analgesic regimens,
involving both opioid and nonopioid analgesic therapies, physicians and nurses are
becoming increasingly aware of the important role that these techniques play in facil-
itating the recovery process and improving patient satisfaction. Although many
factors, in addition to pain, must be carefully controlled to minimize postoperative
morbidity and facilitate the recovery process after elective surgery (eg, PONV,
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hydration status), the adequacy of pain control should remain a major focus of health
care providers, caring for patients undergoing ambulatory surgical procedures.17,19

With the changes in health care dictated by economic pressures, there has been
a realization that the duration of the hospital stay can be reduced without compro-
mising the quality of patient care. Advances in surgical technology and anesthetic
drugs and techniques have made an impact on the way perioperative care is currently
being delivered to patients undergoing ambulatory surgery. Multidisciplinary fast-
track or accelerated recovery processes encompass many aspects of anesthesia
and analgesic care,5 optimizing not only the preoperative preparation and prehabilita-
tion but also the intraoperative attenuation of surgical stress and postoperative pain
control and rehabilitation procedures.65

Current evidence suggests that these improvements in patient outcome related to
pain control can best be achieved by using a combination of preventative analgesic
techniques involving both central and peripheral-acting analgesic drugs as well as
novel approaches to administering drugs in locations remote from the hospital setting.
It is of critical importance for clinical investigators to return to the hard work of per-
forming prospective, randomized clinical trials on a procedure-specific basis to eval-
uate the use of different analgesic combinations as part of multimodal analgesic
treatment regimens in the postoperative period.63,66 Improving recovery after ambula-
tory surgery by optimizing anesthetic and analgesic techniques will benefit patients,
health care providers, and society-at-large in the future.67
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Over the past several decades, as the risk of major mortality due to surgery has
decreased, attention has shifted to addressing factors that negatively influence patient
morbidity and patient satisfaction, such as postoperative nausea and vomiting
(PONV). Since the previous article on PONV in this publication,1 several developments
have aided in the prevention and management of this complication of surgical anes-
thesia. The 5-hydroxytryptamine type 3 (5-HT3) receptor antagonists continue to be
the mainstay of antiemetic therapy, but newer approaches, such as neurokinin-1
antagonists, a longer-acting serotonin receptor antagonist, multimodal management,
and novel techniques for managing high-risk patients, are gaining prominence.

PONV continues to be one of the most common complaints following surgery,
occurring in more than 30% of surgeries, or as high as 70% to 80% in certain high-
risk populations without prophylaxis.2 Though generally nonfatal and self-limited,
PONV may lead to rare but serious medical consequences, including dehydration
and electrolyte imbalance, venous hypertension, bleeding, hematoma formation,
suture dehiscence, esophageal rupture,3,4,5 blindness,6 and aspiration.7 PONV also
has a profound impact on patient satisfaction, quality of life, and estimated health
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care costs as a result of delayed discharge, prolonged nursing care, and unanticipated
hospital admissions.8,9 PONV is often cited as one of the postsurgical complications
patients would most like to avoid, and patients have reported being willing to pay
between $56 and $100 out of pocket for an effective antiemetic.10

Nausea and vomiting due to surgery may also occur beyond the immediate postoper-
ative period. Although not as well studied as PONV, the related problem of postdischarge
nausea and vomiting (PDNV) has received increasing attention from health care
providers, especially because patients who experience no PONV immediately after
surgery may develop PDNV after discharge. In one study, approximately 36% of patients
who experience PDNV had not experienced any nausea or vomiting before discharge.11

Surveys of patients following ambulatory surgery have found PDNV to range between
approximately 20% and 50%, resulting in increased difficulty in performing activities of
daily living and longer recovery times before resuming normal activity.11–14

The issues of PONV and PDNV are especially significant in the context of ambula-
tory surgeries, which comprise more than 60% of the combined 56.4 million ambula-
tory and inpatient surgery visits in the United States.15 Although the incidence of
PONV and PDNV in ambulatory surgeries may be slightly lower than that of inpatient
surgeries, it is believed to be underreported, given the limited amount of time that
ambulatory surgery patients spend under direct medical care.16 Yet because of this
relatively brief period that ambulatory patients spend in health care facilities, it is
particularly important to prevent and treat PONV and PDNV swiftly and effectively.
MECHANISM OF EMESIS

Much of our current understanding of the basic neuroanatomy and physiology of
emesis comes from the work of Wang and Borison in the 1950s.17,18 The central coor-
dinating site for nausea and vomiting is located in an ill-defined area of the lateral retic-
ular formation in the brainstem (Fig. 1).18 This ‘‘vomiting center,’’ as it is traditionally
called, is not so much a discrete center of emetic activity as it is a ‘‘central pattern
generator’’ (CPG) that sets off a specific sequence of neuronal activities throughout
the medulla to result in vomiting.19 Multiple inputs may arrive from areas such as
Fig. 1. Mechanism of nausea and vomiting.
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the higher cortical centers, cerebellum, vestibular apparatus, vagal, and glossophar-
yngeal nerve afferents to trigger the complex motor response of emesis; direct elec-
trical stimulation of the CPG also causes emesis.20 A particularly important afferent
is the chemoreceptor trigger zone (CTZ), located at the base of the fourth ventricle
in the area postrema and outside the blood-brain barrier, which plays a role in detect-
ing emetogenic agents in the blood and cerebrospinal fluid (CSF).21 Although direct
electrical stimulation of the CTZ does not cause vomiting, the CTZ communicates
with the adjacent nucleus tractus solitarius (NTS), which in turn projects into the
CPG.22 Signals between these anatomic areas are mediated through a variety of
neurotransmitter receptor systems, including serotonergic, dopaminergic, histamin-
ergic, cholinergic, and neurokininergic; antiemetic prophylaxis or therapies block
one or more of the associated receptors, including serotonin 5-HT3, dopamine D2,
histamine H1, muscarinic cholinergic, and neurokinin NK1.23
RISK FACTORS AND PROTECTIVE FACTORS FOR PONV AND PDNV

Assessment of patient risk factors is a key component in guiding antiemetic prevention
and management strategies. A variety of surgical, anesthetic, and patient factors have
been investigated as predictors of patient risk for PONV, the most significant of which
are listed in Table 1. However, according to the 2007 Society for Ambulatory Anes-
thesia (SAMBA) Guidelines for the Management of PONV, only a few baseline risk
factors occur with enough consistency to be validated as independent predictors
for PONV.24 Several predictive models have been developed to stratify risk for
PONV, but a simplified scoring system by Apfel and colleagues25,26 continues to be
one of the most popular and compares favorably against other scoring systems. In
a 2-center inpatient study, Apfel and colleagues27 identified 4 highly predictive risk
factors for PONV: female gender, history of motion sickness or PONV, nonsmoker,
and use of perioperative opioids. The presence of 0, 1, 2, 3, or 4 of these factors cor-
responded to a PONV incidence of 10%, 21%, 39%, 61%, and 79%, respectively. The
Apfel score may be used to guide antiemetic strategies for high-risk patients, and in at
least 2 studies, prophylaxis based on Apfel scores has led to a significant decrease the
incidence of PONV.28,29

The use of risk scores in predicting postoperative vomiting (POV) has also been
extended to the pediatric population with the POstoperative VOmiting in Children
score (POVOC score).30 The incidence of POV in pediatric patients is estimated to
Table 1
Risk factors for PONV and PDNV

Patient Factors Anesthetic Factors Surgical Factors

Female
Nonsmoker
History of motion sickness

or previous PONV
Family history of motion

sickness or PONV
(pediatric)

Age R3 y (pediatric)

Use of perioperative opioids
Use of volatile anesthetics
Nitrous oxide

Duration of surgery
Type of surgery, including:
Abdominal
Ear, nose, and throat
Gynecologic
Laparoscopic
Ophthalmologic
Orthopedic
Plastic
Strabismus (pediatric)
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be about between 9% and 42% overall, and as high as 80% for specific types of
surgery.31 However, it should be noted that nausea is often not recorded, as it is often
difficult to assess in this younger patient population. To develop the POVOC score,
Eberhart and colleagues30 compiled data from 1257 pediatric surgeries at 4 institu-
tions and identified 4 independent risk factors for POV: duration of surgery 30 minutes
or longer, age 3 years or older, strabismus surgery, and a positive history of POV in the
child or POV/PONV in relatives (mother, father, or siblings). Similar to the Apfel score,
the incidence of POV was 9%, 10%, 30%, 55%, and 70% for 0, 1, 2, 3, and 4 risk
factors present, respectively. To date, there has only been one external validation
study, which found that a modified POVOC score (excluding strabismus surgery)
accurately predicted POV in pediatric patients, at a level comparable to the Apfel
score for adults.32

The 1999 study by Sinclair and colleagues,33 spanning 3 years and involving more than
17,000 patients, continues to be the most comprehensive examination of PONV risk
factors specifically in ambulatory surgery patients. In addition to the 4 factors identified
by Apfel and colleagues, duration of anesthesia longer than 30 minutes, general anes-
thesia, and type of surgery were also cited as independent predictors of PONV. However,
it should be noted that while certain types of surgeries (particularly plastic, ophthalmo-
logic, and orthopedic surgeries) appear to be correlated with higher rates of PONV, there
is conflicting evidence as to whether other independent risk factors associated with type
of surgery are actually responsible for the increased rates of PONV.24 Other studies, not
confined specifically to ambulatory surgery patients, have also pointed to the use of vola-
tile anesthetics, use of nitrous oxide, and administration of intraoperative and postoper-
ative opioids as significant risk factors for PONV.24,34–37

Risk factors for PDNV have mainly been studied in the context of risk factors for
PONV. However, a recent study by White and colleagues38 suggests that while higher
Apfel scores correlate to a greater incidence of PONV symptoms in the early (0–24
hours) postoperative period, it appears to have little predictive value for emetic symp-
toms occurring in the late (24–72 hours) postoperative/postdischarge period. Never-
theless, the few studies attempting to identify specific PDNV risk factors have found
them to be similar to those typically associated with PONV. Mattila and colleagues14

evaluated postdischarge symptoms in 2754 adult and pediatric ambulatory surgery
patients, and found that the odds ratios (ORs) of postdischarge vomiting were 0.23
and 0.26 for local and spinal anesthesia, respectively, when compared with general
anesthesia. Female gender was also a risk factor for PDNV, with ORs of 2.74 and
2.79 for nausea and vomiting, respectively. Duration of surgery longer than 30 minutes
increased the risk for nausea only, with a 56% increase in incidence of postdischarge
nausea for surgeries 30 to 59 minutes’ duration, and a 64% increase for surgeries 60
minutes or longer. However, type of surgical procedure had no impact.

In the same study, no specific risk factors for postdischarge vomiting could be iden-
tified in the pediatric population, although use of general anesthesia, age 3 years or
older, and duration of surgery 30 minutes or longer correlated with an increased risk
of postdischarge nausea.14 Other studies have suggested that PDNV in children
may be correlated to factors such as emetic symptoms prior to discharge, increased
age, duration of journey home after discharge, pain at home, and use of postoperative
opioids, but these associations need further study.24,39,40
ANTIEMETICS IN CLINICAL PRACTICE

Most antiemetic agents act on one or more of the neurotransmitter receptor types
found in the anatomic sites responsible for emesis. To date, no single agent has
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been found to block all receptor types, nor is there any single drug that is completely
effective against PONV in all cases. Thus, appropriate prevention and management of
PONV and PDNV require familiarity with a broad range of drug classes. In comparing
various antiemetics and the evidence for or against them, it is helpful to determine the
number needed to treat (NNT), or the number of patients that must be exposed to
a particular intervention in order for one patient to benefit over receiving placebo or
no treatment. The number needed to harm (NNH) is an estimate of the frequency of
drug-related adverse effects. A list of common antiemetics, typical dosages, and
NNT are listed in Table 2.

Serotonin Antagonists

Since their introduction in the early 1990s to treat chemotherapy-induced nausea and
vomiting,41 serotonin antagonists have become one of the cornerstones of modern
antiemetic prophylaxis and therapy, particularly in the setting of PONV. Serotonin is
found in high levels in the enterochromaffin cells of the gastrointestinal tract, as well
as in the central nervous system, and may be released to stimulate either the vagal
afferent neurons or the CTZ to activate the vomiting center.42 Although there are
multiple serotonin receptor types, the 5-HT3 subtype appears in its greatest concen-
tration in the NTS, area postrema, and the dorsal motor nucleus of the vagus nerve,
which all play a significant role in coordinating the vomiting reflex.43 The 5-HT3

receptor antagonists (5-HT3 RAs), which include ondansetron, granisetron, dolase-
tron, ramosetron, tropisetron, and most recently palonosetron, act by inhibiting the
action of serotonin in 5-HT3 receptor-rich areas of the brain.

Ondansetron (Zofran), granisetron (Kytril), dolasetron (Anzemet), and palonosetron
(Aloxi) are all approved for use in PONV by the Food and Drug Administration (FDA)
(ramosetron and tropisetron are not available in the United States). In general, all of
the 5-HT3 RAs are safe, effective, and have similar side effect profiles. Side effects
are usually short term and of mild to moderate intensity, with the most common being
headache, dizziness, constipation, and diarrhea.44–47 However, the differing chemical
Table 2
Number needed to treat (NNT) for common prophylactic antiemetic regimens

Agent or Strategies

NNT

Nausea Vomiting PONV

Ondansetron 4 mg IV53 4.6 6.4 4.4

Dexamethasone 8 mg IV or 10
mg PO (adults)75

Early 5.0
Late 4.3

Early 3.6
Late 4.3

Dexamethasone 1 1.5 mg/kg
IV (children)75

Early 10
Late 3.1

Transdermal scopolamine 1.5
mg patch82

4.3 5.6 3.8

Droperidol 0.625 1.25 mg IV85 5 7

Haloperidol 0.5 4 mg IM/IV92 3.2 4.5 3.9 5.1

Metoclopramide 10 mg IV100 No significant effect Early 9.1
Late 10

Propofol infusion105 8.6 (Postdischarge 12.5) 11.2 (Postdischarge 10.3)

Acupuncture123 30% baseline risk 11
70% baseline risk 5

30% baseline risk 11
70% baseline risk 5
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structures of each drug may explain slight differences in receptor binding affinity, dose
response, and duration of action.23 Most available data suggest that 5-HT3 RAs are
most effective when administered at the end of surgery,48–50 but at least one study
has suggested that dolasetron may be administered around the time of induction of
anesthesia, with little effect on efficacy.51

All of the 5-HT3 RAs are equally effective for the treatment of PONV.52 Ondansetron,
as the prototypical 5-HT3 RA, has been the most studied. In a quantitative systematic
review of placebo-controlled trials of ondansetron, Tramèr and colleagues53 found
that ondansetron, 4 mg had an NNT of about 4.6 for the prevention of vomiting, 6.4
for the prevention of nausea, and 4.4 for the prevention of both in the first 48 hours
postoperatively. Risk of severe side effects was generally low, with an NNH of 36
for headache, 31 for elevated liver enzymes, and 23 for constipation. This study and
others have also suggested that ondansetron is slightly more effective against vomit-
ing than nausea.52,53 However, a recent study by Jokela and colleagues54 found that 4
mg ondansetron reduced the incidence of nausea by 26% over placebo, and vomiting
by 33%, a difference that the investigators concluded was not of statistical signifi-
cance. While not commenting on the antinausea versus antivomiting properties of
ondansetron, a Cochrane systematic review found that ondansetron reduces the rela-
tive risk of nausea and vomiting by 32% and 45% over placebo, respectively.55 The
review also evaluated 5 studies of ondansetron and reported no evidence that the
risk of PONV differed for groups based on timing of administration. Controversy
also exists as to whether ondansetron offers greater benefit for PONV prophylaxis
greater than 4 mg,56–59 and a study in ferrets has found that the dose-response curve
for ondansetron is unique in that it has better antiemetic efficacy at low (<50 mg/kg
subcutaneously) and high (>100 mg/kg subcutaneously) doses.60 However, for the
purposes of clinical practice the usual recommended dose of ondansetron in humans
is 4 mg intravenously (IV), administered at the end of surgery.24

Unlike ondansetron, the other 5-HT3 RAs exhibit linear dose-response curves,
with increasing doses achieving greater clinical effect until the maximal effective
dose is reached.61 The dose recommended for PONV prophylaxis with granise-
tron is 0.35 to 1.5 mg IV (5–20 mg/kg).24,62,63 In a multicenter, dose-ranging study,
Taylor and colleagues64 found that intravenous doses as low as 0.1 mg given at
the first symptoms of nausea or vomiting were effective in increasing the
percentage of patients experiencing no vomiting in the first 24 hours to 38%,
compared to 20% of patients with no vomiting on placebo. The recommended
dose for dolasetron is 12.5 mg IV,24 based on a trial demonstrating that single-
dose dolasetron 12.5 mg administered before the end of surgery resulted in
a greater than 50% increase in complete response (CR; no emesis and no rescue
medication for 24 hours) over placebo, with no significant increase in CR at 25-
or 50-mg doses.65

Palonosetron is the newest 5-HT3 RA and has recently been approved in the United
States for PONV. Unlike other drugs in its class, which exhibit simple bimolecular
binding, palonosetron exhibits positive cooperativity in binding to its receptor; more-
over, its molecular structure does not mimic that of serotonin and it therefore does not
bind at the serotonin binding site of the 5-HT3 receptor.66 As a result, palonosetron
may bind more tightly to the receptor, allow multiple palonosetron molecules to
bind to a single receptor, and make it less likely to be displaced by serotonin mole-
cules.67 Furthermore, some data suggest that palonosetron may promote internaliza-
tion of the 5-HT3 receptor as an inverse agonist (similar to some G-protein coupled
receptor antagonists), decreasing the function of the receptor in the absence of
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agonist exposure.66 Thus, receptor internalization may contribute to palonosetron’s
relatively long duration of action.

A large, randomized, placebo-controlled study by Candiotti and colleagues68 found
that 43% of patients given palonosetron 0.075 mg before induction exhibited CR in the
0 to 24 hours postoperatively, compared with 20% of patients who received placebo.
Moreover, patients receiving palonosetron reported less severe nausea and
decreased interference in postoperative function due to PONV. A separate study of
European patients by Kovac and colleagues69 found similar results for palonosetron,
0.075 mg in increasing CR rates, and the investigators also noted continued efficacy of
palonosetron over placebo for 24 to 72 hours. It has been suggested that the long half-
life of palonosetron may confer an antiemetic effect for several days after administra-
tion, which would be particularly useful in minimizing PDNV following ambulatory
surgery; however, further studies are necessary to confirm any advantage over other
serotonin antagonists.

Few studies have examined 5-HT3 RAs for the prevention of PDNV. A system-
atic review by Gupta and colleagues13 found that ondansetron 4 mg resulted in
a relative risk reduction of 23% and 37% for postdischarge nausea and vomiting,
respectively. However, it should be noted that the NNT was 12.9 for nausea and
13.6 for vomiting. Ondansetron, granisetron, and dolasetron are available as intra-
venous medications or oral tablets; palonosetron is currently only available as an
intravenous medication. Ondansetron is also available as an orally disintegrating
tablet (ODT), which seems to be as effective as the intravenous form.70 Some
studies suggest that providing patients with the ODT before discharge may be
particularly helpful in reducing the incidence of PDNV at home. In a study of pedi-
atric patients, Davis and colleagues71 found that only 14.5% of children who
received 5 at-home doses of ondansetron ODT experienced postdischarge vomit-
ing, compared with 32% of children receiving placebo. A small study by Gan and
colleagues72 found a decreased incidence of PDNV and PDNV severity in patients
receiving ondansetron ODT following ambulatory surgery.

A relatively new but growing field in 5-HT3 RA research is that of pharmacoge-
nomics. The 5-HT3 RAs are metabolized by cytochrome P450 in the liver, and
differences in the activity or levels of the CYP2D6 isoform of the enzyme appear
to have an effect on the pharmacokinetics and clinical efficacy of the drug in
certain individuals.23 Candiotti and colleagues73 have reported that patients with
3 copies of the CYP2D6 gene or who have certain genetic polymorphisms in
the CYP2D6 gene are ultrarapid metabolizers of ondansetron and are more likely
to experience ondansetron failure for POV. Another recent study by Rueffert and
colleagues74 analyzed DNA from 95 patients who had suffered from POV and
matched them with 94 controls. The researchers found that variations in the genes
of the serotonin receptor subunits, HTR3A and HTR3B, were associated with
increased individual risk of developing POV. Although pharmacogenomic research
is still in its early stages and it is currently of limited use in actual clinical practice,
it may provide greater insights into assessing individual patient risk for PONV in
the future.

Steroids

Dexamethasone has been shown to be useful in the management of PONV. The
mechanism of its antiemetic activity has not been fully elucidated, but it is believed
that corticosteroids act centrally to inhibit prostaglandin synthesis or to control endor-
phin release.75 Dexamethasone may also be particularly effective when used in
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combination with 5-HT3 receptor antagonists, as it may (1) reduce levels of serotonin
by depleting its precursor tryptophan, (2) prevent release of serotonin in the gut, and
(3) sensitize the 5-HT3 receptor to other antiemetics.75

According to a study by Wang and colleagues,76 dexamethasone is most effective
for PONV prophylaxis when administered at induction rather than at the end of
surgery. A systematic review and meta-analysis of 17 trials by Karanicolas and
colleagues77 found that dexamethasone reduced the incidence of postoperative
nausea (PON) by 41%, POV by 59%, and nausea or vomiting by 45% relative to
placebo, with the incidences of headache and dizziness being similar between the 2
groups. These results are similar to an earlier quantitative systematic review, which
reported an NNT of 7.1 for the prevention of early vomiting in adults and children,
and 3.8 for the prevention of late vomiting.75 Karanicolas and colleagues77 also
reported that doses of 8 to 16 mg were significantly more effective at reducing
PONV than doses of 2 to 5 mg, consistent with an earlier study by Elhakim and
colleagues concluding that a dose of 8 mg dexamethasone provided maximal
PONV prophylaxis when combined with ondansetron.78 However, the SAMBA guide-
lines recommend a prophylactic dose of dexamethasone 4 to 5 mg IV at induction,
which seems to be as effective as ondansetron 4 mg IV in preventing PONV.24

Cholinergic Antagonists

The anticholinergic agents are among the oldest antiemetics. Both scopolamine
(hyoscine) and atropine block muscarinic cholinergic emetic receptors in the cerebral
cortex and the pons.79 However, atropine has weaker antiemetic effects than scopol-
amine80 and is generally not used in the postoperative period because of its cardio-
vascular effects.1

Most studies of scopolamine for use in PONV have investigated transdermal
scopolamine (TDS) patch, designed to release 1.5 mg of scopolamine over 3
days. In a double-blind sham and placebo-controlled study of 150 patients, White
and colleagues81 compared preoperative transdermal scopolamine (TDS) 1.5 mg
patch to intravenous ondansetron 4 mg or droperidol 1.25 mg administered before
the end of surgery. The investigators found that premedication with TDS was as
effective as ondansetron or droperidol in the prevention of both early and late
PONV/PDNV, but also noted that TDS was associated with a greater risk of dry
mouth. These findings correlate with an earlier quantitative systematic review by
Kranke and colleagues,82 which found that although TDS is an effective antiemetic
and has an NNT of 5.6 for the prevention of POV, the NNH is 5.6 for visual distur-
bances, 12.5 for dry mouth, and 50 for dizziness. Thus, the high rate of anticho-
linergic side effects of scopolamine may limit its use as a stand-alone antiemetic
agent.

Scopolamine may be most useful as an adjunct to other antiemetics. In a trial of
outpatient plastic surgery patients at high risk for PONV, Sah and colleagues83

found that those who received a preoperative TDS patch in addition to intraoper-
ative ondansetron had a statistically significant reduction in PON between 8 and
24 hours in comparison with those who received a placebo patch and ondanse-
tron only. However, a similar, larger, multicenter trial found that a combination
TDS and ondansetron reduced PONV as compared with ondansetron alone 24
hours after surgery, but not at 48 hours.84 This study also noted that the incidence
of adverse effects, including anticholinergic effects was not statistically different
between the 2 groups, while patient satisfaction in the TDS group was significantly
higher, suggesting that scopolamine might be a safe and effective adjunct in the
management of PONV, especially when used in combination with ondansetron.
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Dopamine Antagonists

The dopamine receptor antagonists act at the D2 receptors in the CTZ and area post-
rema to suppress nausea and vomiting. There are 3 types of dopamine antagonists
commonly used as antiemetics: butyrophenones, benzamides, and phenothiazines.

Butyrophenones
In addition to their strong D2 receptor antagonism, the butyrophenones are a-
blockers, contributing to their adverse effects of sedation and extrapyramidal symp-
toms, although the latter are rare at the low doses given for PONV.80 The 2 primary
antiemetic agents in this group are haloperidol and droperidol. The clinical efficacy
of droperidol 0.625 to 1.25 mg IV before the end of surgery has been well estab-
lished,85,86 and until recently it had been widely used in the prevention and manage-
ment of PONV as a cost-effective antiemetic. The IMPACT trial, a factorial trial of more
than 5000 patients, found that droperidol is as effective as ondansetron and dexa-
methasone in reducing the risk of PONV.2 A meta-analysis by Leslie and Gan87 exam-
ining the safety of the 5-HT3 antagonists with dexamethasone or droperidol found that
all were generally well tolerated and had comparable safety profiles, even when used
in combination.

However, in 2001 the FDA issued a ‘‘black box’’ warning for droperidol, citing
reports of severe cardiac arrhythmias (eg, torsades de pointes) and rare cases of
sudden cardiac death associated with the use of droperidol.88 Although the use of dro-
peridol has declined precipitously since then, many experts and anesthesia providers
still believe that the warning was not justified, and that droperidol remains a safe,
effective, and economical antiemetic.88–90 Nevertheless, the warning, along with the
FDA’s recommendation that all elective surgery patients receiving droperidol be
placed on continuous electrocardiographic monitoring for 2 to 3 hours following
administration, has limited its use in the ambulatory setting.

Accordingly, there has been an increased interest in haloperidol as an antiemetic.
Haloperidol has been used primarily as a potent antipsychotic since the 1960s.91

Haloperidol has a faster onset of antiemetic action and has a longer half-life than dro-
peridol, but its effect does not last as long, most likely because it has a weaker binding
affinity than droperidol for the D2 receptors in the CTZ and area postrema.80 In a meta-
analysis of published and unpublished trials from 1962 to 1988, Buttner and
colleagues92 found that haloperidol 0.5 to 4 mg was effective for established PONV
over placebo, with an NNT of 3.2 to 5.1 over the first 24 hours postoperatively,
although some of the trials included had flaws in design or data reporting. A small
study of 90 nonsmoking, female patients in Taiwan found that haloperidol 2 mg IV
was as effective as ondansetron 4 mg IV in preventing PONV for the first 24 hours,
with no QTc prolongation observed.92 A similar study also did not observe QTc prolon-
gation and found that haloperidol 1 mg IV was similar to ondansetron 4 mg IV, but both
medications were only effective antiemetics relative to placebo in the early postoper-
ative phase (0–2 hours).93 More recent studies by Rosow and colleagues94,95 have
demonstrated the antiemetic efficacy of haloperidol over placebo and increased effi-
cacy of haloperidol with ondansetron over ondansetron alone. However, additional
studies are necessary to determine optimal dosing, timing, and safety profile before
haloperidol may be used in regular clinical practice, either as prophylaxis or treatment.

Phenothiazines
The phenothiazines, which include promethazine, chlorpromazine, prochlorperazine,
perphenazine, and thiethylperazine, are some of the most commonly used antiemetics
in the world. However, their use has fallen out of favor due to their high incidence of



Le & Gan234
adverse effects, such as sedation, restlessness, diarrhea, agitation, and central
nervous system depression, and more rarely, extrapyramidal effects, hypotension,
neuroleptic syndrome, and supraventricular tachycardia.23 Promethazine 12.5 to 25
mg IV given at the induction of surgery,96 and prochlorperazine 5 to 10 mg IV given
at the end of surgery97 have both been shown to have antiemetic efficacy when
combined with ondansetron. A retrospective review has also suggested that prome-
thazine 6.25 mg, a dose low enough to limit most adverse effects, may be more effec-
tive than ondansetron for treating PONV in patients who have failed previous
ondansetron prophylaxis.98 However, strong data are lacking and phenothiazines
are currently not recommended as first-line antiemetic agents.24

Benzamides
The most commonly used antiemetic in this group is metoclopramide, a procainimide
derivative that blocks D2 receptors both centrally at the CTZ and area postrema, and
peripherally in the gastrointestinal tract.80 Metoclopramide increases lower esopha-
geal tone and promotes gastric motility, which may make it useful in preventing the
delayed gastric emptying caused by opioids.99 A quantitative systematic review of
66 studies using various regimens of metoclopramide found no significant antinausea
effect, an NNT of 9.1 to prevent early vomiting in adults, and an NNT of 10 to prevent
late vomiting in the same population.100 In children, the NNT to prevent early vomiting
was 5.8, with no significant late antivomiting effect. The review also noted that the best
documented doses of metoclopramide were 10 mg IV for adults and 0.25 mg/kg IV for
children. A more recent double-blind study in children undergoing tonsillectomy failed
to show equivalence between metoclopramide 0.5 mg/kg and ondansetron 0.1 mg/
kg, and in fact showed that ondansetron was superior for control of POV.101 Given
the lack of evidence showing antiemetic efficacy, metoclopramide is not recommen-
ded for PONV at this time.

Antihistamines

The antiemetic properties of antihistamines such as diphenhydramine, dimenhydri-
nate, cyclizine, doxylamine, and promethazine are derived from their blockade of
the histamine H1 receptor in the NTS, at the vomiting center, and vestibular system;
they have little or no direct action at the CTZ.42 However, their anticholinergic activity
is responsible for their most common side effects of sedation, dry mouth, blurred
vision, and urinary retention. Although generally inexpensive and readily available,
the use of antihistamines in PONV has not been well studied. In a meta-analysis of
18 controlled trials, Kranke and colleagues102 reported that prophylactic dimenhydri-
nate (classified there to include both dimenhydrinate and the related diphenhydra-
mine) reduces PONV in adults and children up to 48 hours after surgery, with
a recommended dose of 1 mg/kg IV. There have been few studies of dimenhydrinate
that specifically compare it with other antiemetics, and dose, timing, and side effect
profiles have not been fully established. Doxylamine in combination with pyridoxine
(Diclectin) has been shown to reduce the incidence of POV in women undergoing lapa-
roscopic tubal ligation. Although doxylamine is available in the United States, the
combination with pyridoxine is only approved in Canada.103

Propofol

The mechanism of antiemetic activity using propofol is unclear, but it has been
observed that patients who receive propofol for induction tend to have less
PONV.104 This observation has been supported by several meta-analyses, including
one that examined postoperative outcomes under inhaled and intravenous anesthetic
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techniques.105 Gupta and colleagues found that maintenance with a propofol infusion
resulted in a decreased incidence of PONV and PDNV over inhaled anesthetics, with
an NNT of 8.6 and 11.2 for PON and POV, respectively, and an NNT of 12.5 and 10.3
for postdischarge nausea and vomiting, respectively. A clinical trial of 2010 surgical
patients in the Netherlands found that propofol total intravenous anesthesia (TIVA)
resulted in a significant reduction of PONV compared with isoflurane-nitrous oxide
anesthesia, with an NNT of 6.106

Recent studies have suggested that TIVA alone may not be an optimal strategy
for PONV prophylaxis. In a small randomized trial, White and colleagues107 found
that although there were no significant differences in early PONV outcomes
between patients given dolasetron prophylaxis and those given propofol-based
TIVA, PDNV was significantly more common for patients in the TIVA group. The
investigators suggest that although TIVA may be similar in efficacy to dolasetron
for early PONV, its effects may be too short-lived to offer protection against
PDNV.

Over the past several years, particularly as experience with the technique has
increased and costs have decreased, the use of TIVA with propofol has become
more popular for ambulatory surgery. One of the greatest limiting factors for increased
use of TIVA continues to be cost, as economic analyses have suggested that routine
use of TIVA for PONV prophylaxis is generally not cost-effective.106,108,109 Neverthe-
less, propofol-based TIVA is still a reasonable option for high-risk patients, especially
as part of a multimodal management strategy (see Combination Therapies and Multi-
modal Prevention, below).
NOVEL ANTIEMETIC THERAPIES
Neurokinin-1 Antagonists

The neurokinin-1 receptor antagonists (NK1 RAs) are a new class of antiemetic drugs
that competitively inhibit the binding of substance P, a neuropeptide released from
enterochromaffin cells.110 Substance P plays an important role in emesis as a ligand
for neurokinin-1 receptors, which are located in the gastrointestinal tract and the area
postrema.23 The NK1 RAs are believed to suppress nausea and vomiting by acting
centrally on the neurotransmission between the NTS and CPG.111 These agents
may also act peripherally to block NK1 receptors in the vagal terminals of the gut to
decrease the intensity of the emetogenic signals sent to the CPG.112

The first NK1 RA to be approved by the FDA was aprepitant (Emend), for chemo-
therapy-induced nausea and vomiting.113 The first clinical trial to study the efficacy
of aprepitant in PONV was a multicenter, double-blind study of 805 patients con-
ducted by Gan and colleagues,114 who found that preoperative aprepitant, both 40
mg and 125 mg orally were equivalent to preoperative ondansetron 4 mg IV in terms
of CR rates, nausea control, and use of rescue antiemetics. However, the study also
found that aprepitant was superior for prevention of vomiting in the first 24 and 48
hours, with no vomiting in 90% of patients in the aprepitant 40 mg group, 95% of
the aprepitant 125 mg group, and 74% of the ondansetron group in the first 24 hours.
A follow-up study by the same group in an international population confirmed that
aprepitant was superior to ondansetron for incidences of no vomiting in the first 24
and 48 hours, and also found that peak nausea scores were lower in patients receiving
either dose of aprepitant.115 A post hoc analysis of the pooled data from both studies
found that in the 24 hours after surgery, aprepitant 40 mg was slightly more effective
than ondansetron in terms of no significant nausea (56.4% vs 48.1%), no nausea
(39.6% vs 33.1%), no vomiting (86.7% vs 72.4%), no nausea and no vomiting
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(38.3% vs 31.4%), and no nausea, vomiting, and no use of rescue antiemetics (37.9%
vs 31.2%).116 The study group also noted that the 125-mg dose was similar or even
slightly less effective than the lower dose, leading to the recommended and approved
preoperative dose of 40 mg for PONV prophylaxis.

NK1 RAs are safe and well tolerated, with the most common side effects being
asthenia, diarrhea, dizziness, and hiccups.117 Although further studies are needed
to establish their place in clinical practice, the NK1 RAs offer many potential benefits
for the management of PONV, especially as an alternative to patients who have failed
treatment or prophylaxis with antiemetics in other classes. Aprepitant may be partic-
ularly useful in the ambulatory setting, as it comes in both a convenient oral form and
a recently approved intravenous form (fosaprepitant) that may be useful for estab-
lished PONV,113 although clinical trials with the intravenous formulation have not
been conducted in the PONV setting.

Opioid Antagonists

Perioperative opioid use has long been known to increase the risk of PONV by
decreasing gastric motility and delaying gastric emptying via the inhibition of central
m-opioid receptors.118 Thus, the use of centrally acting opioid receptor antagonists,
such as naloxone, may have antiemetic efficacy. Preliminary studies have found
that low-dose naloxone (0.25 mg/kg/h) is effective in reducing the incidence of
PONV compared with placebo in both adults119 and children.120 A recent small study
of 50 patients undergoing knee replacement surgery found that epidural sufentanil
containing low-dose naloxone was effective in reducing PONV compared with sufen-
tanil without naloxone.121 However, there is a paucity of clinical data about the use of
opioid receptor antagonists in PONV, and further study is necessary.
NONPHARMACOLOGIC TECHNIQUES

Given that no single pharmacologic therapy is completely effective for PONV prophy-
laxis, nonpharmacologic techniques have become a reasonable adjunct to antiemetic
drugs. Of all the nonpharmacologic techniques, acupuncture is one of the most well
studied and accepted forms of treatment of PONV. The mechanism of acupuncture
in the prevention of nausea and vomiting is not entirely clear; it may activate A-
b and A-d fibers to influence neurotransmission in the dorsal horn or other centers,
influence the release of endogenous opioids, or inhibit gastric acid secretion and
normalize gastric dysrrhythmia.122

Most data about acupuncture in PONV have examined the use of the acupuncture
point pericardium 6, or P6, located 4 cm proximal from the wrist crease between the
tendons of the palmaris longus and flexor carpi radialis muscles. A recently revised
Cochrane database review of 40 randomized controlled trials determined that acu-
point stimulation of P6 is effective in the prevention of PONV, with few side effects.123

The NNTs were reported based on the baseline risk of nausea. At a control event rate
of 30% (the estimated overall incidence of PONV), the NNT was 11 for both nausea
and vomiting. At a baseline risk of 70% (estimate for high-risk populations), the NNT
was 5 for both nausea and vomiting.

There are several comparable variations on traditional acupuncture, including
acupressure and acupressure wristbands, acustimulation using transcutaneous elec-
trical stimulation, acupuncture injections, and electroacupuncture.122 These tech-
niques may be of particular benefit in the ambulatory setting, as many of them can
be performed rapidly and do not require special training. Another benefit of acupunc-
ture is its favorable side effect profile compared with pharmacologic techniques,
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making it a reasonable adjunct to antiemetic drugs. In a large prospective survey of
doctors and physiotherapists, there were no serious adverse events due to acupunc-
ture and the risk of adverse events was 14 per 10,000 treatments, with the most
common being mild, including fainting, exacerbation of symptoms, and lost or
forgotten needle.124

THERAPIES LACKING SUFFICIENT EVIDENCE

In addition to some of the antiemetic agents mentioned previously, several other ther-
apies that have been previously explored lack sufficient evidence or fail to demon-
strate significant effect to be recommended for routine use in the management of
PONV and PDNV.

Although earlier studies reported on the use of supplemental oxygen to reduce the
incidence of PONV,125,126 their findings have not been confirmed by subsequent
studies. A systematic review of 10 trials by Orhan-Sungur and colleagues127 reported
that the relative risk of overall PONV in patients receiving 80% FiO2 was 0.91, and
concluded that supplemental oxygen did not reduce the incidence of PONV. Another
recent randomized trial of 304 women receiving ambulatory gynecologic laparoscopy
found that there were no significant differences in PONV or antiemetic use between
women receiving 80% supplemental oxygen and those in the 30% oxygen control
group.128

The use of cannabinoids, including dronabinol, tetrahydrocannabinol, and nabilone,
in PONV has not been well studied, and clinical data are lacking. Tramèr and
colleagues129 conducted a systematic review of 30 trials evaluating cannabinoids in
the setting of chemotherapy-induced nausea and vomiting, and found that dronabinol
had superior antiemetic activity to phenothiazines. However, the analysis failed to
demonstrate statistically significant improvement in antiemetic efficacy between dro-
nabinol and placebo, and between nabilone and phenothiazines, although the inves-
tigators did cite a ‘‘clinically significant difference’’ in favor of the cannabinoids and
urged further study. Nevertheless, given the common and often unpleasant side
effects of most cannabinoids, which include dysphoria, depression, and hallucina-
tions, they are unlikely to be used in regular clinical practice.129

Despite its long history of use in traditional Chinese and Indian medicine, ginger
(Zingiber officinale) does not appear to be effective for PONV. A systematic review
of 6 randomized controlled trials by Ernst and Pittler was unable to draw a conclusion
about the efficacy of ginger.130 Since then, there have been few additional studies,
with one placebo-controlled trial of 180 patients finding that ginger failed to reduce
the incidence of PONV after gynecologic laparoscopy.131

MANAGEMENT STRATEGY

As no single intervention can completely prevent or treat PONV, it is important to
formulate multimodal approaches to maximize clinical efficacy while minimizing risks
to the patient. While there is no clear formula for the prevention and management of
PONV, an effective management strategy should consider (1) assessment of risk for
developing PONV and baseline risk reduction, (2) prophylaxis and cost-effectiveness,
(3) combination therapy, and (4) rescue treatment. Fig. 2 shows a recommended
management strategy based on patient risk.

Assessment of Risk and Baseline Risk Reduction

As discussed earlier, the Apfel score may be a useful clinical tool in assessing patient
risk. After taking these patient factors into consideration along with the surgical risk
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the cost-effectiveness of many antiemetic therapies, as cost-effectiveness analyses
vary widely in terms of the antiemetic regimens they choose to evaluate, the costs
they take into account, and the criteria they use in drawing a conclusion. A cost-effec-
tiveness study by Hill and colleagues9 compared ondansetron 4 mg, droperidol 0.625
mg, droperidol 1.25 mg, and placebo, and determined that the use of antiemetic
prophylaxis was more cost-effective and achieved higher satisfaction rates compared
with placebo in high-risk patients. Frighetto and colleagues135 used a decision-anal-
ysis model to determine that prophylactic antiemetic therapy with dolasetron or dro-
peridol was more cost-effective than no prophylaxis followed by subsequent rescue
therapy. However, other studies have suggested that treatment of PONV may be
more cost-effective than prophylaxis for patients at both low (30%) and high (60%)
risk, due to the high efficacy of ondansetron for the treatment of established PONV.136

Despite these conflicting data, it seems that studies comparing antiemetic therapy
with placebo tend to find that using an antiemetic is more effective than placebo and
preferable to no prophylaxis.137 Still, it remains unclear which antiemetic therapies are
most cost-effective, what doses of medication are most cost-effective, and whether
PONV prophylaxis is cost-effective for all patients or only for those at higher risk.
Future studies have been encouraged to follow established guidelines for cost-effec-
tiveness studies, such as reporting cost-effectiveness as a ratio of resource use to
value of health consequences.138–140

Combination Therapies and Multimodal Prevention

Because there are no single antiemetic agents that are completely effective in prevent-
ing or treating PONV, the concept of combination therapy using multiple agents has
become particularly appealing. As noted earlier, the IMPACT trial found that ondanse-
tron 4 mg IV, dexamethasone 4 mg IV, and droperidol 1.25 mg IV are equally effective
as single agents for the prevention of PONV.2 Due to their established efficacy and
widespread use, these 3 agents are the most commonly studied antiemetics used
in combination therapy. The IMPACT trial examined the effect of various combinations
of the 3 therapies, and determined that each of the 3 antiemetics acted independently,
such that combinations of any 2 or 3 of them would reduce the risk of PONV in an addi-
tive manner. These findings are similar to those of various meta-analyses and system-
atic reviews, which have reported that combinations of 5-HT3 RAs and either
droperidol or dexamethasone are equally safe and effective in reducing
PONV.75,87,141 A cost-effectiveness analysis by Pueyo and colleagues142 compared
each of the possible 2-drug combinations of ondansetron, droperidol, and dexameth-
asone. The investigators found that ondansetron and droperidol is less expensive
than, and as effective as, ondansetron and dexamethasone, while being more effec-
tive than droperidol and dexamethasone—albeit at a slightly increased cost. Regard-
less, the evidence would suggest that combination therapy using any of these 3 drugs
would be a reasonable strategy for decreasing PONV risk.24

In general, combination therapy is recommended for patients at moderate risk for
PONV. For patients at high risk of PONV, combination antiemetic therapy can be
used in conjunction with other pharmacologic and nonpharmacological techniques
to further reduce the risk of PONV. This approach is often labeled ‘‘multimodal
management’’ or ‘‘balanced antiemesis,’’ as it combines multiple therapeutic options
to maximize antiemetic efficacy. Scuderi and colleagues143 reported on the use of
a multimodal approach that included preoperative anxiolysis, aggressive hydration,
supplemental oxygen, droperidol and dexamethasone at induction, ondansetron at
the end of surgery, TIVA with propofol and remifentanil, and ketorolac, with no use
of nitrous oxide or neuromuscular blockade. The multimodal approach achieved
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a 98% CR rate, compared with 76% with antiemetic monotherapy using ondansetron
4 mg, and a 59% CR rate on placebo. However, the researchers did note that patient
satisfaction scores were similar between the multimodal approach and monotherapy,
although they were both higher than those for patients receiving placebo and rescue
antiemetic therapy only.

Habib and colleagues144 have compared 3 regimens: a multimodal management
strategy, which included TIVA with propofol, ondansetron, and droperidol; a combina-
tion therapy with ondansetron and droperidol, and receiving isoflurane and nitrous
oxide (no TIVA); and TIVA with propofol only. The CR rates at 24 hours were 80%
for the multimodal approach, 63% for the combination therapy group, and 43% for
the TIVA-only group. In slight contrast to the study by Scuderi and colleagues, patient
satisfaction scores were found to be highest for the multimodal approach, over both
combination therapy with inhaled anesthetics or TIVA only.

Rescue Treatment and Management of PDNV

Even with baseline risk reduction and antiemetic prophylaxis, some patients will inevi-
tably experience PONV or PDNV.16 Before initiating rescue antiemetic drugs, other
factors that may contribute to PONV should be considered and addressed, such as
pain, concomitant use of opioids or other medications, or mechanical reasons (eg,
blood in the throat, abdominal obstruction, and so forth). In general, patients who
have not previously received antiemetic prophylaxis should be given a 5-HT3 RA, while
patients who have already received prophylaxis should be given a rescue antiemetic
from a different treatment class than the prophylactic drug.24 Unlike PONV prophylaxis,
there are relatively few trials that have studied treatment options for established PONV.
However, a systematic review by Kazemi-Kjellberg and colleagues52 has evaluated
several different antiemetic regimens and found that the NNT of 5-HT3 RAs for estab-
lished PONV is about 4 to 5. Treatment doses of 5-HT3 RAs for established PONV are
generally smaller than those needed for prophylaxis: ondansetron 1 mg, dolasetron
12.5 mg (similar to the recommended prophylactic dose), and granisetron 0.1 mg.
Although ondansetron 1 mg has been shown to be as effective as ondansetron 4 mg
for antiemetic rescue, most clinicians tend to use the 4-mg dose in practice. It should
also be noted that in patients who received a 5-HT3 RA for prophylaxis, no further
benefit is achieved from repeat doses in the 6 hours after the initial dose.145 In such
cases, alternatives to 5-HT3 RAs are recommended and include dexamethasone 2 to
4 mg, droperidol 0.625 mg, or promethazine 6.25 to 12.5 mg, although dexamethasone
and transdermal scopolamine are not recommended for emetic episodes that occur
more than 6 hours postoperatively, because of their longer duration of action.24

SUMMARY

Although awareness has greatly increased over the past several decades and the
number of available treatment options has also increased, PONV and PDNV remain
a common problem of ambulatory surgery. Appropriate management of PONV begins
with an assessment of risk and baseline risk reduction, followed by consideration of
antiemetic prophylaxis and, if necessary, rescue treatment. In patients who are at
increased risk, combination therapy or multimodal approaches is recommended in
preventing PONV and PDNV. Given the brief period of time that ambulatory surgery
patients are under direct medical care, it is particularly important to recognize these
problems and appropriately administer longer-acting antiemetics to prevent negative
medical consequences, maximize patient satisfaction and return to normal activity,
and minimize health care costs.
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132. Tramèr M, Moore A, McQuay H. Meta-analytic comparison of prophylactic anti-
emetic efficacy for postoperative nausea and vomiting: propofol anaesthesia vs
omitting nitrous oxide vs total i.v. anaesthesia with propofol. Br J Anaesth 1997;
78(3):256–9.
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Ambulatory surgery has undergone tremendous growth in the past decade, from 20.8
million procedures in 1996 to 34.7 million in 2006.1 Several factors have fueled this
growth, including less-invasive surgical techniques, changes in practice patterns,
and the use of anesthetic agents and techniques associated with fewer postoperative
side effects. Postoperative pain management represents a particular challenge with
ambulatory surgery because 40% of patients experience severe pain despite treat-
ment.2 Studies show that regional anesthesia (RA) improves pain scores, decreases
narcotic use, and lowers the incidence of postoperative nausea and vomiting,3,4

Thus, more patients can be discharged home in less time with high satisfaction.5

ORTHOPEDIC SURGERY

Perhaps more than any other specialty, orthopedic surgery lends itself to the practice
of RA. Peripheral nerve or neuraxial blocks may be used as a primary anesthetic or as
part of a combined technique to provide postoperative analgesia. For single-injection
techniques, benefits generally last 8 to 12 hours, depending on the type of local anes-
thetic and adjuvants used. These short-term benefits include improved analgesia,
fewer opioid-related side effects, and shorter length of stay in the ambulatory
setting.6–14 To further prolong postoperative analgesia, a continuous infusion of local
anesthesia can be delivered through a perineural catheter. The use of continuous
regional techniques for promise to broaden the scope of outpatient procedures that
can be performed in an outpatient setting such as total shoulder and total hip arthro-
plasty.15,16 These continuous techniques are discussed in detail, see the article by
Swenson and colleagues elsewhere in this issue for further exploration of this topic.
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Upper Extremity Surgery

Interscalene blockade (ISB) is a common technique for shoulder surgery. In a prospec-
tive study of 50 patients undergoing outpatient rotator cuff repair, patients randomized
to receive single-injection ISB (vs general anesthesia [GA]) were more likely to bypass
the postanesthesia care unit (PACU), report less pain, ambulate earlier, and meet
home discharge criteria sooner.8 Not unexpectedly, no difference was observed
between groups in pain scores or opioid consumption at 24, 48, and 72 hours. These
results support earlier retrospective findings comparing single-injection ISB with
GA.13,14 Because single-injection techniques can only provide 12 to 24 hours of relief
when long-acting local anesthetics are used, patients may experience severe pain
after the block resolves.6 The addition of a perineural catheter and infusion may
sustain analgesia for several days after surgery.7,12,17,18 The benefits of catheter-
based analgesia after shoulder surgery, however, remain controversial.6,19

Given the high incidence of phrenic nerve blockade during ISB, this technique may
be contraindicated in patients who may not tolerate phrenic nerve blockade (eg,
severe chronic obstructive pulmonary disease). Suprascapular nerve blockade
(SSB) is an alternative technique that may provide analgesia after shoulder surgery.
The suprascapular nerve innervates up to 70% of the posterior shoulder joint, the
acromioclavicular joint, the subacromial bursa, and the coracoclavicular ligament.
Furthermore, the location of blockade (in the supraspinatus fossa) eliminates the
risk of inadvertent phrenic nerve blockade commonly encountered during ISB. In
a study comparing single-injection ISB, SSB, intra-articular (IA) injection, and paren-
teral analgesia, SSB patients had lower pain verbal analog scale (VAS) scores with
rest and movement up to 24 hours compared with parenteral or IA analgesia.9 ISB
patients consistently had the lowest pain scores overall, however.

For procedures below the shoulder, RA techniques also provide superior analgesia
and shorter time to discharge compared with GA or systemic analgesics. Patients
randomized to single-injection axillary brachial plexus block (vs GA) for ambulatory
hand surgery were more likely to be fast-track eligible with a shorter duration of
stay in the PACU and in the hospital after surgery.10 In the RA group, pain scores
up to 120 minutes after surgery were lower, but again there was no difference in
pain, opioid consumption, adverse effects, Pain Disability Index, or satisfaction by
postoperative day 1.

Infraclavicular brachial plexus blockade (INB), an alternative approach to upper
extremity blockade for hand and wrist surgery, also provides short-term benefits in
an ambulatory setting compared with GA. In a 2004 study by Hadzic and colleagues,11

52 patients undergoing outpatient hand or wrist surgery were randomized to INB or GA
plus wound infiltration with local anesthetic. Compared with patients in the GA group,
fewer patients in the INB group had pain (VAS >3) on arrival to the PACU and none
requested treatment for pain when in the hospital (vs 48% of GA patients). Patients
in the INB group reported less nausea, vomiting, and sore throat than GA patients
and were, on average, discharged home approximately 100 minutes sooner than
patients randomized to GA.

Lower Extremity Surgery

Hip arthroscopy is a surgical technique growing in popularity for treatment of a variety
of painful hip conditions. Like many arthroscopic procedures, hip arthroscopy is
commonly performed as outpatient surgery. Postoperative pain intensity may be
a limiting factor for dismissing patients home postoperatively. IA bupivacaine injected
at the conclusion of surgery lowers average pain scores at rest for 24 hours (18 vs 28
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on 100-point scale) and with movement (23 vs 46 on 100-point scale) compared with
0.9% normal saline.20 When 2-level paravertebral blockade (PVB) (L1 and L2) was
added to IA bupivacaine, 2 patients experienced analgesia up to 36 and 48 hours,
respectively.21

Total hip arthroplasty, a procedure that once required 2.5 to 3 weeks of inpatient
recovery,22 can now be performed on an ambulatory basis thanks to better pain
control with continuous RA techniques. Investigators have described clinical path-
ways that include the use of 1 or more regional techniques, including lumbar plexus
catheter and single-injection sciatic blockade, that enable patients undergoing mini-
mally invasive total hip arthroplasty to be dismissed fewer than 23 hours after
surgery.16,23

A variety of anesthetic and analgesic techniques are described for outpatient knee
procedures. The most common methods of providing analgesia after knee arthros-
copy, particularly with procedures involving ligament reconstruction, include femoral
nerve blockade (with or without sciatic nerve blockade), lumbar plexus (ie, psoas)
blockade, and IA injection. An ideal technique remains controversial.24 Previous inves-
tigations have inconsistently compared the techniques, and variation in results may be
due to differences in surgical and patient expectations as well as variations in postop-
erative nursing management.

Use of IA local anesthesia, often given in combination with an opioid, improves pain
scores and early analgesic consumption after outpatient knee arthroscopy, regardless
if the IA dose is administered pre- or post surgery.25 Adding tramadol may potentiate
the analgesic effects. In a recent study,26 a combination of tramadol and 0.25% bupi-
vacaine resulted in significantly lower pain VAS scores, decreased 24-hour analgesic
consumption, prolonged time to first rescue analgesic, and shortened time to
discharge compared with IA bupivacaine or tramadol alone. These benefits were
seen without any detectable systemic effects. Recent evidence, however, suggests
local anesthetics may be harmful to chondrocytes and may cause chondrolysis after
IA infusion or even single injection.27–30

When used as a primary anesthetic agent, lumbar plexus blockade with or without
sciatic nerve blockade provides short-term benefits compared with GA for outpatient
knee surgery.31,32 Patients who underwent peripheral blockade with 2-chloroprocaine
3% or mepivacaine 1.5% had lower immediate postoperative pain scores, shorter
time to hospital dismissal, and higher satisfaction compared with patients who under-
went GA.

In patients undergoing surgical procedures of the ankle or foot, several RA tech-
niques exist that can provide anesthesia or analgesia of the operative extremity.
Choice of technique largely depends on factors, such as surgical site (eg, hallux vs
ankle), type of procedure (eg, hallux valgus correction vs ankle arthrodesis), use of
a tourniquet, and the immediate weight-bearing status. A 2003 prospective, random-
ized study compared the analgesic benefits of a foot blockade (FB) (ie, ankle blockade)
with 0.5% bupivacaine (20 mL) to sham blockade for outpatient bony midfoot
surgery.33 Patients who received an FB needed fewer intraoperative opioid supple-
ments and, on average, had a significantly longer time to first perception of pain (12
vs 5.5 hours) compared with sham blockade. Again, the measured benefits were
gone by postoperative day 1 with this single-injection technique.

The terminal branches of the sciatic and femoral nerves anesthetized during an FB
can also be blocked more proximally in the popliteal fossa. In a prospective, random-
ized study comparing the efficacy of FB to popliteal blockade (PB) for outpatient fore-
foot surgery, Migues and colleagues34 demonstrated equivalency of FBs and PBs.
Specifically, both blocks were equally efficacious as primary anesthetic, and both
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blocks provided a similar duration of analgesia (FB, 11.0 hours, vs PB, 14.3 hours;
P 5 .13) and patient satisfaction. By using a perineural catheter in the popliteal space,
improved analgesia for ambulatory foot and ankle surgery can be extended up to 3
days compared with single-injection techniques.35–37

Neuraxial Techniques

A variety of neuraxial techniques have been studied for outpatient lower extremity
procedures. With any approach, the anesthetic goals are the same: dense surgical
anesthesia with rapid neurologic recovery and avoidance of neurotoxic effects (ie,
transient neurologic syndrome). Although many combinations of local anesthetics,
doses, additives, and approaches have been studied,38–50 no single technique has
emerged as the optimal choice. Each neuraxial anesthetic must be tailored to the
patient and the procedure.

In the past 5 years, chloroprocaine has regained popularity for intrathecal use in
ambulatory surgery. The rapid neurologic recovery (approximately 80–120 minutes)
after intrathecal chloroprocaine makes it an attractive option for outpatient spinal
anesthesia. At one time, chloroprocaine (or more specifically, the preservative sodium
bisulfite) was thought to pose a significant risk of neurotoxicity. Recent animal
evidence has disproved this,51 and, thus far, no cases of neurotoxicity have been
reported in several human volunteer and clinical studies.43,52–58 Despite the growing
body of clinical evidence illustrating the safety of spinal chloroprocaine, its use
remains controversial.

An alternative to chloroprocaine for use in ambulatory surgery is low-dose bupiva-
caine. Many studies have examined a variety of drug doses, use of hyperbaric and
isobaric drug preparations, with or without additives, and unilateral or bilateral spread
of medication for a variety of surgical procedures.39,42,44,55,59–71 Although low (<7.5
mg) and ultralow (2.5–4 mg) doses of spinal bupivacaine are used, these may come
at the expense of additional sedation necessary for patient comfort during a proce-
dure. In summary, each spinal anesthetic must be tailored to the patient, the proce-
dure, and the practice style.
GENERAL SURGERY

Pain control after general surgery is challenging, and despite treatment, significant
postoperative pain may result in unexpected hospital admission. Local anesthesia is
used for subcutaneous injection providing anesthesia and analgesia, but the effects
are limited by the short duration. An alternative method of providing prolonged unilat-
eral (or bilateral) somatic and sympathetic nerve blockade is PVB. PVB involves the
injection of local anesthetic at the nerve root just lateral to the neuraxial space and
can be performed at 1 or more levels to increase the number of anesthetized derma-
tomes. PVB is commonly used to provide analgesia after procedures on the chest or
abdominal wall, including breast surgery, hernia repair, and even laparoscopic proce-
dures (eg, laparoscopic cholecystectomy).

Breast Surgery

PVB is used for major breast surgery. Analgesia for mastectomy, wide local excision, or
lumpectomy should include nerve roots T1-T6, whereas procedures involving only
sentinel node biopsy or axillary dissection involve nerve roots T1-T3. Injections typically
require 3 to 5 mL of local anesthetic at each level (Fig. 1) or, alternatively, the entire
dermatome coverage divided and a larger volume given at the midpoint. PVB may be
used in conjunction with GA or as the primary anesthetic technique with sedation.
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Demonstrated advantages of PVB over GA include decreased pain, lower narcotic
usage, and earlier hospital discharge compared with patients having GA.72 In addition
to intraoperative anesthesia and analgesia, PVB using long-acting local anesthetics can
prolong analgesia until the next day. This sustained analgesia results in significantly
more same-day discharges, decreasing the costs associated with major breast
surgery.5 PVB also is associated with significantly less pain at 1, 6, and 12 months
post procedure and a lower frequency of postmastectomy syndrome.73 Additionally,
PVB may inhibit the body’s stress response to surgery, potentially limiting suppression
of the immune system, including the action of natural killer cells, resulting in a lower
recurrence of breast cancer up to 3 years after surgery.74

Although the benefits of thoracic PVB are well described, clear consideration
must be given to the possibility of procedure-related complications, specifically
pneumothorax. The risk of pneumothorax after a multiple injection technique is esti-
mated to be 0.6%, and a postoperative chest radiograph is often ordered.72

Although most pneumothoraces are small and asymptomatic, some may require
chest tube placement and hospital admission. Ultrasound-guided PVB may be
advantageous in that it allows for real-time visualization of the needle, costotrans-
verse ligament, pleura, and spread of local anesthetic. In theory, the risk of compli-
cations, such as pneumothorax or intravascular injection, may be less when PVB is
performed using ultrasonography, but these potential advantages are not yet
proven.

Inguinal Hernia Repair

Analgesia after open inguinal herniorrhaphy is managed in many ways, although the
use of local anesthesia is used increasingly due to superior outcomes. Simple wound
infiltration is used commonly, and it is associated with an efficient recovery because
side effects, such as urine retention, are uncommon (<0.5%).75 The analgesic effects
are limited by the brief duration of the local anesthetic used, but analgesia may be
extended by placing a catheter in the wound. A continuous infusion for 2 days results
in significantly lowered pain scores at 2 and 5 days postoperatively.76

PVB is an ideal perioperative technique for inguinal herniorrhaphy and lacks some of
the risks (eg, pneumothorax) associated with thoracic-level paravertebral injections.
For inguinal hernia surgery, blockade of T11-L2 nerve roots is required for adequate
dermatomal analgesia. PVB for inguinal hernia repair is associated with less pain,
less nausea, lower opioid requirements, and earlier home readiness compared with
GA with local infiltration.77 In addition, patients were able to urinate significantly
sooner in the PVB group (128 vs 213 minutes).

An alternative technique that may be used to provide analgesia after hernia surgery
is the transverse abdominus plane (TAP) block. Like PVB, TAP blocks may be unilat-
eral or bilateral and involve injecting local anesthetic between the internal oblique and
transverse abdominus muscle planes, resulting in blockade of T10-L3 segmental
nerves and possibly the ilioinguinal and iliohypogastric nerves (Fig. 2).

Laparoscopic Surgery

Minimally invasive surgery using laparoscopy has dramatically expanded the number
and type of cases that can be performed on an ambulatory basis. Cholecystectomy is
a prime example. Although there is significantly less pain associated with the laparo-
scopic approach, pain is still the most common reason for admission to the hospital,
with rates as high as 41%. The laparoscopic cholecystectomy pain state is unique
even among other laparoscopic procedures with incisional somatic pain, abdominal
visceral pain, and referred visceral pain to the shoulder. This complex painstate suggests
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a role for multimodal analgesia. Acetaminophen and celecoxib are efficacious, and local
anesthetic is applied in many ways to the postoperative pain with varying results.

Injecting the portholes with local anesthesia is efficacious although limited by the
duration of local anesthesia. Ropivacaine injected to the portholes provides a median
duration of analgesia of 2 to 3 hours, after which pain scores were similar to control
patients.78 Local anesthesia may also be applied to the intraperitoneal space for anal-
gesia. The results have been excellent with an even greater efficacy resulting from
injection of local anesthetic at the beginning of the procedure. Analgesia may last
up to 4 hours.79

Bilateral PVB also seems efficacious after cholecystectomy, with the added benefit
of longer duration. A combination of lidocaine and bupivacaine results in significantly
less pain at 6, 12, and 24 hours postoperatively.80

TAP may be useful during cholecystectomy because it has an opioid-sparing effect
perioperatively.81 PVB and TAP blocks show some promise in managing pain after
cholecystectomy, but incisional local combined with oral multimodal medications
based on outcome data are the only regimen that demonstrate efficacy.

Many gynecologic procedures are done laparoscopically with GA, and local anes-
thesia is used to provide postoperative analgesia. When levobupivacaine is injected
preoperatively in the port sites, laparoscopy patients experience significantly less
pain, require fewer pain treatments, and ambulate earlier than patients not receiving
local anesthesia.82

Postoperative pain control also is provided with local anesthetics applied to perito-
neal surfaces intraoperatively. The efficacy of intraperitoneal local analgesia is conflict-
ing in gynecologic surgery, and there is no compelling evidence to support its routine
use as exists after laparoscopic cholecystectomy. The laparoscopic approach is similar
in gynecologic and general surgery, but the procedures and pain states seem unique.
PLASTIC SURGERY

Local anesthesia has long been used in cosmetic surgery as much for its anesthetic
potential as its vasoconstrictive properties when combined with epinephrine. Surgery
may be conducted with the addition of light sedation, and this is preferred in rhytidec-
tomy and blepharoplasty due to superior recovery compared with GA. In rhinoplasty,
the local anesthetic cocaine is used for its anesthetic and vasoconstrictive properties,
although there is concern for its arrhythmogenicity. Adrenalized lidocaine is also effec-
tive and combined with sedation or GA depending on the procedure. Liposuction uses
the same lidocaine and epinephrine mixture in a different manner. Tumescent anes-
thesia, normal saline mixed with lidocaine 0.05% and epinephrine 1:1,000,000, is
injected subdermally, so fluid distends adipocytes permitting thin cannula suctioning
of the adipose tissue. Considerable amounts may be injected during liposuction
raising concerns about hypervolemia and local anesthetic systemic toxicity. The
maximum dose of adrenalized lidocaine is 7 mg/kg, but doses as high as 55 mg/kg
have been used safely during liposuction, resulting in subtoxic serum lidocaine levels
Fig. 1. Ultrasound guided thoracic PVB: (A) patient position, machine location, and hand
position; (B) ultrasound anatomy: paraspinous tendon (solid arrows), parietal pleura
(dashed arrows); TP, transverse process; and (C) ultrasound image showing needle approach
and spread of local anesthetic in paravertebral space: paraspinous tendon (solid arrows);
parietal pleura (dashed arrows); needle image with tip just below paraspinous tendon
(arrowheads); final position of needle tip (asterisk); TP, transverse process.

:



Fig. 2. Ultrasound guided transversus abdominis plane blockade: (A) ultrasound anatomy,
(B) ultrasound image showing needle (arrows) approach, and (C) ultrasound image showing
injection of local anesthetic deep to fascial plane between transversus abdominis and
internal oblique muscles.
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(<5 mg/mL).83 These doses of epinephrine do not cause tachycardia, arrhythmias, or
hypertension. Cosmetic procedures use local anesthesia with epinephrine to provide
anesthesia and limit bleeding, thus improving the surgical field conditions.

Breast surgery was discussed previously but bears mention because augmentation
and reduction mammoplasty are unique. Paravertebral blocks also are used in the
setting of plastic surgery. During submuscular breast augmentation, PVB provides
intraoperative anesthesia and postoperative pain management, so patients may be
discharged efficiently with minimal side effects.84 Another analgesia technique in
this setting involves a surgeon implanting catheters in the wound. Local anesthesia
is infused providing prolonged analgesia.85 Patients have significantly better anal-
gesia, require less pain medication, and are more likely to be discharged on the
same day compared with patients not receiving continuous wound infiltration.86 This
technique may have an advantage over PVB because analgesia is extended, no
special training is required to place, and there is no risk of pneumothorax.

OFFICE-BASED SURGERY

Most of the growth in ambulatory surgery has taken place in offices or freestanding
surgery centers. Although these smaller venues are usually associated with minor
and less-invasive procedures, trends favor expansion of larger cases into smaller
venues. All of the regional techniques (described previously) can (and eventually prob-
ably will) be done in offices as long as sufficient personnel and resources are available.
Two examples of common office-based procedures are transrectal prostate biopsy
and intrauterine surgery.

Transrectal prostate biopsy is a procedure commonly performed as an office-based
procedure or in an ambulatory center. At one time, this procedure was thought well
tolerated by most patients. Recent reviews have estimated, however, that 65% to
90% of patients experience discomfort and up to 30% may have significant pain.
Many studies, including a recent meta-analysis, have compared the use of peripro-
static nerve block to intrarectal local anesthesia or no local anesthesia during transrec-
tal prostate biopsy. Periprostatic nerve block around the neurovascular bundles
provided superior analgesia compared with intrarectal local anesthesia or no anes-
thesia with no increase in procedure-related complications.87

Intrauterine procedures, including dilation and curettage, diagnostic and operative
hysteroscopy, oocyte retrieval, polypectomy, endometrial ablation, and sterilization,
are often performed under GA or RA with sedation. Paracervical blockade, injection
of local anesthetic around the cervix, is often used because anesthesia personnel
are not present. The paracervical block seems of little value as a primary anesthetic
or analgesic technique.88 Patients anesthetized with paracervical block have equiva-
lent intraoperative and postoperative pain compared with patients who receive no
anesthesia at all. Therefore, intrauterine procedures should be done with deep
sedation and there is no clear role for local analgesia.

Laparoscopymaybedone inanofficewithonly local anesthesia, and the laparoscopes
are usually smaller with lower insufflation pressures in this setting. Laparoscopy is typi-
cally performed for diagnosis or treatment (eg, sterilization), and performing the proce-
dure in this manner is associated with lower costs.89 The gynecologic laparoscopic
procedure may be done with local anesthesia or analgesia depending on the approach.

REGIONAL ANESTHESIA AND EFFICIENCY

Painful stimuli are initiated by tissue injury and transmitted by Ad-fiber and C-fiber
nociceptors to the spinal cord dorsal horn neurons. In response to this injury, a variety
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of neurotransmitters, such as prostaglandin, bradykinin, serotonin, and substance P,
are released, which leads to increased activity of the dorsal horn neurons. If this input
remains unmodulated, the result may be central sensitization. Preemptive analgesia is
a pain control strategy implemented before a painful stimulus and in sufficient duration
to limit or prevent sensitization of the central nervous system. This should result in less
intense pain of shorter duration. Preemptive analgesia has been demonstrated in
several animal models. In human studies by Moiniche and colleagues and Dahl and
Moiniche and in the most recent meta-analysis by Ong and colleagues, preemptive
analgesia could not be proved.90–92 Their findings demonstrate it is unnecessary to
provide analgesia before a painful stimulus, but it is critical to provide effective anal-
gesia of sufficient duration. Local anesthesia inhibits the transmission of noxious
afferent stimuli from the operative site to the spinal cord and brain, and it is desirable
to maintain this effect well into the postoperative period. This sustained postoperative
analgesia decreases the risks of hyperalgesia, allodynia, and increased pain.

The merits of local anesthetic-based analgesia are well established, and it is clear
these techniques facilitate an earlier facility discharge with superior pain control. There
is bias against RA because of the time commitment and possible delays associated
with it. RA techniques may require additional time to perform, and this may have an
impact on operating room efficiency and increase costs. Use of regional techniques
result in an overall lower cost due to earlier discharge and fewer unplanned admis-
sions.93 More advanced techniques (eg, ultrasound-guided PVB) take time to admin-
ister and are best done in a time-neutral environment outside the operating room (eg,
dedicated block room or PACU). Dedicated block rooms are time effective and
contribute to an efficient outpatient practice while preserving analgesic outcomes.94,95

This same level of efficiency and patient care has also been demonstrated in private
practice settings.96 These are barriers that must be overcome to use RA in any
practice.97,98

SUMMARY

The use of local anesthetics in ambulatory surgery offers multiple benefits in line with
the goals of modern-day outpatient surgery. A variety of regional techniques can be
used for a wide spectrum of procedures; all are shown to reduce postprocedural
pain; reduce the short-term need for opiate medications; reduce adverse effects,
such as nausea and vomiting; and reduce the time to dismissal compared with
patients who do not receive regional techniques. It is likely that the growth in ambula-
tory procedures will continue to rise with future advances in surgical techniques,
changes in reimbursement, and the evolution of clinical pathways that include supe-
rior, sustained postoperative analgesia. Anticipating these changes in practice, the
role of and demand for RA in outpatient surgery will continue to grow.
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Several clinical trials have demonstrated the superiority of continuous peripheral nerve
block (CPNB) compared with traditional opioid-based analgesia.1–7 In addition to
providing improved analgesia, CPNB is associated with less sedation, nausea, and
pruritis.8 Although single injection nerve blocks (SINB) can also provide excellent anal-
gesia, CPNB allows added flexibility in both duration and density of local anesthetic
effect. Recently there has been increased use of CPNB in the ambulatory surgery
setting for both adults9–11 and pediatric patients.11–13 The ability to provide safe and
effective CPNB at home is an attractive alternative to opioid-based analgesia with
its related side effects. In some cases, CPNB shortens the duration14 or eliminates
the need15 for hospitalization in patients who otherwise would require inpatient treat-
ment for pain control.

In this article, several practical issues related to the use of CPNB in the ambulatory
setting are discussed. Techniques for catheter placement, infusion regimens, patient
education, and complications are reviewed. Recognizing that there are many institu-
tional-based preferences for CPNB placement and management, special emphasis is
placed on separating evidence-based techniques from institutional preferences.

WHY CHOOSE CPNB OVER SINGLE INJECTION?

Perhaps the most compelling reason to use CPNB is the increased flexibility in dura-
tion and block density that is possible compared with SINB. After orthopedic surgery,
significant increases in visual analog scale scores may persist for 2 to 3 days.16–18

Although SINB can provide up to 24 hours of analgesia, blocks of this duration require
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concentrated local anesthetics that are associated with dense motor and sensory
effect. By contrast, CPNB can be used to provide prolonged analgesia with low
volumes of dilute local anesthetic.1,2,5 Thus, flexibility in the duration and density of
local anesthetic effect are provided while avoiding the need for initial injection of large
volume, and potentially toxic doses, of local anesthetic.

Low-density nerve blocks are attractive for several reasons. Although most patients
appreciate the excellent analgesia provided by nerve blocks, dense motor and
sensory effect can be unpleasant and potentially dangerous. Patients may report
decreased satisfaction when the extremity is ‘‘too numb’’ or ‘‘dead.’’ Limb neglect
caused by a dense motor and sensory block may also result in positioning injury
and falls.11,19 As more data emerge for infusions of dilute local anesthetic, improved
patient satisfaction and safety are being documented. Already there are data showing
that after shoulder surgery, lower concentration interscalene blocks (0.125% vs
0.25% bupivacaine) provide comparable analgesia but with improved diaphragm
function and higher oxygen saturation.20

Finally, the cost savings from reduced need for hospitalization made possible with
CPNB14,15 have not been reported with SINB. Thus, the use of ambulatory catheters
may represent an unprecedented example of improved patient care at a lower cost.

CPNB PLACEMENT TECHNIQUES

Techniques for CPNB placement have developed in large part from existing methods
for SINB. Accurate needle placement has historically relied on eliciting a paresthesia
or electrical stimulation (ES) of the nerve. Ultrasound (US) guidance has recently
assumed a major, if not dominant, role in the performance of CPNB.

For several years, ES was the preferred technique for performing nerve blocks and
enjoyed a ‘‘gold standard’’ status.21 Although no data exist showing a consistent rela-
tionship between stimulating current and proximity to the nerve, this technique has
remained popular due to the lack of a viable alternative.22–24 Despite limitations, ES
has been successfully used for many years with apparently few complications. Initial
CPNB placement using ES techniques employed only stimulating needles. In the
1990s, ES catheters were introduced in hopes of improving the ease of placement
and success rate for CPNB.25 Unfortunately, when compared with conventional cath-
eters, most studies have failed to show significant clinical benefit from these more
costly catheters.26–28

The introduction of portable, high-resolution US has been an important develop-
ment in regional anesthesia. Initially viewed as a novelty or a supplement to ES, US
is now firmly recognized as a ‘‘stand-alone’’ technique.29 In fact, a review of clinical
trials comparing ES with US confirms that US-guided blocks are performed more
quickly, with higher success rates, less procedure related pain, lower dose require-
ments, and fewer vascular punctures than those performed using ES.21,30–34 In addi-
tion, the catheter tip position can be easily confirmed by injecting agitated local
anesthetic or air through the catheter while imaging the nerve. These techniques, orig-
inally described anecdotally,35,36 are now commonly reported as a method to verify
catheter position.33,34

SKIN PREPARATION AND PATIENT DRAPING

Indwelling catheter placement requires strict adherence to sterile procedure. The
American Society of Regional Anesthesia and Pain Medicine (ASRA) recommends
sterile precautions, including antiseptic hand washing, sterile gloves, surgical hats
and masks, and the use of alcohol-based chlorhexidine antiseptic solution.37 These
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guidelines are extrapolations from data pertaining to neuraxial regional techniques
and central venous access techniques. A sterile drape is applied to isolate the area
of skin preparation. When using a US-guided technique, the transducer must either
be covered with a sterile sleeve (Fig. 1) or be positioned outside of the sterile field
(Fig. 2).
NEEDLE TYPE

The use of short beveled needles is a widely accepted practice in regional anesthesia.
Many practitioners report an increased ability to recognize a ‘‘pop’’ or other tactile
feedback when using a short beveled or Tuohy needle. The notion that nerve injury
is less likely to occur with short beveled needles is controversial. A single animal study
has suggested a relationship between bevel type and the incidence of nerve injury;
however, this has never been validated clinically.38 A subsequent study refuted the
notion that short beveled needles are less prone to cause injury.39 Recently there
has been an increased interest in using US-guided techniques that do not require
immediate proximity between the needle and the nerve. Since the transition to US-
guided techniques, conventional thin-walled needles have also been used safely for
CPNB placement.11 If this trend continues, bevel type may play a less important
role when choosing a needle. Nevertheless, the Tuohy needle remains a popular
choice for many practitioners when transitioning from SINB to CPNB placement.
LOCAL ANESTHETIC INJECTION DURING CATHETER PLACEMENT

The timing, volume, and concentration of local anesthetic injected during the place-
ment of CPNB may vary considerably between institutions. When using ES tech-
niques, it is reported that local anesthetic injection through the stimulating needle
may alter the threshold for nerve depolarization.40 A theoretical disadvantage to inject-
ing local anesthetic through the needle before catheter insertion is an inability to verify
accurate placement by injection of local anesthetic through the catheter and
Fig. 1. An example in the left popliteal fossa of the US transducer covered with a sterile
sleeve and positioned adjacent to the needle inside the sterile field.



Fig. 2. An example in the left popliteal fossa of the US transducer positioned outside the
sterile field. The needle is inserted through the skin within the sterile field and passes
through the US beam, which is outside the field. A clear fenestrated drape with an adhesive
border separates the needle and transducer.
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observing subsequent sensory and motor effect.41,42 The obvious concern for outpa-
tients would be a scenario whereby initial bolus injection though the needle produced
successful analgesia but subsequent infusion through the catheter failed. The ability to
visualize catheter position relative to the nerve using US may eliminate this concern in
the future.36 Figs. 3 and 4 demonstrate the appearance of agitated local anesthetic
injected through existing interscalene and femoral catheters, respectively.

A significant advantage of CPNB placed for postoperative analgesia is that it does
not require injection of a large, concentrated dose of local anesthetic. Interscalene
catheters, for example, provide excellent analgesia after initial injection of only 20
mL of 0.125% bupivacaine.20 This total dose of bupivacaine (25 mg) is considerably
lower than doses typically used for SINB (100–150 mg).
SECURING THE CATHETER

As with many aspects of CPNB placement, there is variability among institutions
regarding how to secure the catheter. Catheter dressing focuses on preventing
leakage, dislodgment, and infection. Liquid adhesives are commonly applied to the
skin before the dressing. Although they are very effective for securing tape and other
coverings, a small percentage of patients may experience contact dermatitis from
a common substance (styrax gum) found in both tincture of benzion and mastisol.43

Sterile adhesive strips and other fixation devices can also be used at the catheter
insertion site to prevent dislodgment.

Catheter tunneling is practiced at many institutions in hopes of minimizing infection
and dislodgment. For CPNB, there are no prospective, randomized studies comparing
infection rates for tunneled catheters versus catheters without tunneling. In fact, large
infection-free series have been reported both with and without tunneling.11,44 The risk
of catheter dislodgment with and without tunneling has likewise not been assessed
prospectively. Therefore, tunneling to prevent infection or dislodgment remains an



Fig. 3. Arrows highlight the position the catheter tip in the interscalene space (ISS). The
injectate at the tip is hyperechoic due to local anesthetic containing microbubbles.
The anterior scalene muscle (AS), middle scalene muscle (MS), and brachial plexus (BP) are
displayed.
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institutional preference rather than evidence-based practice. An important consider-
ation for CPNB in the ambulatory setting is the ease with which the catheter can be
withdrawn after the dressing has been removed. Patients should be instructed to
seek consultation if any resistance is present during catheter removal. For this reason,
Fig. 4. Arrows highlight the position the catheter tip superficial to the femoral nerve (FN).
The injectate at the tip is hyperechoic due to local anesthetic containing microbubbles. Also
displayed are the femoral artery (FA) and the iliopsoas muscle (IP).
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the ease with which a catheter can be withdrawn after removing the dressing is
another consideration when deciding whether to tunnel the catheter.

PATIENT EDUCATION AND FOLLOW-UP

Successful ambulatory catheter programs provide focused education for patients and
their caretakers. The goal of education should be to prepare patients to manage
and remove their own catheters at home. With brief instruction, most questions and
concerns about CPNB management can be answered for patients before discharge
from the hospital. This education can be combined with written instructions and
hospital contact information. Examples of these written instructions are included in
Appendices 1 and 2.

At home, patients should have simple instructions to access hospital personnel.
Although many anesthesiologists have concerns about the volume of patient calls,
the actual need for intervention may be surprisingly low. In one large series, only
4% of patients required physician intervention after hospital discharge.11 Only 1%
of patients required intervention at night or on a weekend.11 In this same series,
only 1 of the 620 patients was unable to remove their catheter at home. Every effort
should be made to simplify outpatient CPNB management. Patients may already be
concerned with issues such as wound care and rehabilitation. Fixed-rate elastomeric
pumps may be advantageous in this setting because they require little or no instruction
for use, require no interaction by the patient, and can be discarded at home.

COST AND ECONOMIC EFFECT

The economic impact of CPNB on ambulatory surgery is increasingly evident. For
selected orthopedic procedures, catheters may provide a significant reduction in
hospital costs. In some cases, surgeries that have historically required hospitalization
for pain control can be performed as outpatients.15 Patients with obstructive sleep
apnea represent another potential application for CPNB. Current guidelines recom-
mend hospital admission and monitoring for some patients with obstructive sleep
apnea who require postoperative treatment with opioid analgesics.45 By using
CPNB as the primary mode of analgesia, postoperative opioids may be minimized
or avoided altogether. Thus, catheter use may provide improved safety as well as
decreased cost of hospitalization for these patients.

Equipment costs are an important consideration when establishing a CPNB
program. At present, ES and US are the 2 dominant modalities used to guide catheter
placement. Although US is a viable stand-alone method, initial equipment costs can
be considerable. Each institution must balance the initial investment in imaging equip-
ment with the ongoing needle and catheter costs associated with ES methods.

Infusion pumps are probably the area of greatest cost disparity in CPNB practice.
Prices for disposable pumps vary from $55 for fixed rate elastomeric pumps to
more than $300 for bolus/basal capable pumps.46 Although there is ample evidence
demonstrating improved analgesia and decreased side effects with CPNB infused
at a basal rate, the data supporting the addition of a bolus capability are less consis-
tent.16,17 Hence, the significant increase in cost and complexity for bolus/basal pumps
should be balanced against any individual benefit.

LOCAL ANESTHETICS, INFUSION RATES, AND DELIVERY SYSTEMS

After CPNB placement, there are a variety of local anesthetics, dosing regimens, and
delivery systems that have been successfully used. The number of existing techniques
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suggests there is still no established best practice. Usually a low concentration of
long-acting local anesthetic is administered through the catheter. The delivery of
short-acting local anesthetics such as lidocaine and mepivacaine seems reasonable,
but studies on their use are limited.47 The most commonly reported drugs, bupiva-
caine and ropivacaine, both seem to provide adequate analgesia without toxicity.
However, innate property differences between the two may lead to differences in
motor blockade. Ropivacaine has been described as being more ‘‘motor sparing’’ in
comparison with bupivacaine.48 Although ropivacaine is also reportedly less cardio-
toxic than bupivacaine, this difference may only be clinically relevant when large doses
are anticipated. Extensive experience with prolonged infusions of bupivacaine (up to
25 mg/h) has not revealed clinically detectable toxicity.49 Instead, toxicity with both
bupivacaine and ropivacaine is associated almost exclusively with a single large injec-
tion such as an SINB or catheter bolus. Although the addition of clonidine has been
shown to increase the duration of analgesia associated with SINB,50 its benefits as
an adjuvant to CPNB remain unproven. In studies thus far, the addition of clonidine
to ropivacaine for CPNB has not resulted in improved analgesia or decreased local
anesthetic use.51,52

The optimal combination of local anesthetic concentration and volume to be infused
through a perineural catheter also remains to be determined. One trend that seems to
be consistent is that analgesia can be achieved at most locations using low concen-
trations of long-acting local anesthetics (ropivacaine 0.2%, bupivacaine 0.125%)
infused at rates from 5 to 12 mL per hour.11,16–18

Catheter infusion regimens (ie, basal, basal-bolus, bolus only) have also been the
subject of many studies. An important finding of these reports is the significant pain
relief and reduction in opioid requirements provided by a simple basal infusion.1,3,11,13

Bolus-only regimens may be associated with higher pain scores, oral analgesic use,
and number of sleep disturbances compared with techniques with a basal infu-
sion.16,17 In comparing basal-bolus and basal-only techniques, however, pain scores
and patient satisfaction are mixed.16–18

Many types of pumps exist for the outpatient setting,46 including reusable and
disposable, electronic and nonelectronic, basal-only and basal-bolus capable.
Nonelectronic disposable infusion pumps include elastomeric, positive-pressure
(spring-powered and gas-pressure–powered), and negative-pressure (vacuum)
pumps.53 In choosing an appropriate model, several factors should be considered
including cost, ease of use, flow-rate accuracy, programmability, and bolus capability.
Electronic pumps offer more accuracy in hourly volume delivery than the elastomeric
pumps.54 Such pumps also allow infusion rates and bolus doses to be readily pro-
grammed and changed depending on the individual patient’s needs. However, they
are associated with more technical problems and are considerably more expensive
than more simple devices.55 In clinical trials comparing electronic-programmable
pumps with the simple elastomeric variety, elastomeric pumps provided similar post-
operative analgesia, fewer technical problems, and decreased cost.55 Furthermore,
the lack of programming ability eliminates any risk of programming error by the prac-
titioner or the patient. Reusable electronic pumps may be cost effective over time but
require a mechanism for their return by patients, making them less convenient. In
summary, if cost is a major consideration, elastomeric pumps offer adequate function-
ality at a price significantly less than their electronic counterparts. Though they are less
accurate, the variability in dose delivery has not been shown to be clinically significant,
nor reported to be the cause of adverse events.56 By contrast, if programmability and
the ability to deliver patient-controlled boluses are important, then consideration
should be given to electronic infusion pumps.
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In summary, no particular combination of drug, rate, regimen, or pump has been
established as best practice. In most CPNB studies, accurately positioned catheters
at reasonable range of basal infusions (5–10 mL/h) will provide analgesia that is supe-
rior to opioid-based techniques. When considering the cost of outpatient catheter
programs, the measurable differences between various pumps and local anesthetics
should be carefully considered.
COMPLICATIONS

Complications associated with the outpatient use of CPNB are largely similar to those
associated with their use in the hospital setting.57 In recent years, a large body of liter-
ature has been assembled to identify the most notable adverse events associated with
continuous catheter techniques. A working knowledge of these complications is
important when discussing these treatment options with patients. Such complications
include infection, neurologic complications, and local anesthetic toxicity.

Infection

Most studies reporting infection associated with CPNB are from hospitalized patients;
however, data for large outpatient series are accumulating as well. For inpatients, inci-
dence of catheter infection ranges from 0% to 3.2%,44,57,58 while outpatient rates are
less than 1%.11,59 The American Society of Regional Anesthesia and Pain Medicine
(ASRA) recommends sterile precautions, including antiseptic hand washing, sterile
gloves, surgical hats and masks, and the use of alcohol-based chlorhexidine anti-
septic solution. These guidelines are extrapolations from data pertaining to neuraxial
and central venous access techniques. Added to these recommendations should be
a provision for sterile precautions while filling infusion pumps. At least one report of
severe, deep cellulitis has been attributed to contaminated infusate from a pump
that was not filled under sterile conditions.60

Several specific risk factors associated with infection have been identified. Those
applicable to the outpatient setting include duration of catheter use longer than 48
hours, lack of antibiotic prophylaxis, and axillary or femoral location.59 Although
tunneling has been recommended to reduce of bacterial colonization, this practice
has never been confirmed as a factor in reducing infection.

Neurologic Complications

Although neurologic injury associated with CPNB is usually transient and ranges from
0.3% to 2.0%,11,57 it remains one of the anesthesiologist’s primary concerns. Injury
may occur during performance of the block as well as during the postoperative period.
Because placement techniques are similar between hospitalized and ambulatory
patients, this discussion focuses on unique aspects of patients treated at home
with catheters.

There are few reports of nerve injury in patients who go home with CPNB;
however, pressure injury has been implicated as a likely cause.11 For patients with
an extremity in which there is little or no sensation, special precautions must be
taken during application of casts, splints, and other dressings. Likewise, the patient
must position the extremity carefully at all times. When determining the rate and
concentration of local anesthetic infusions, the desire to achieve complete analgesia
with the nerve block should be balanced against the risks of ‘‘limb neglect.’’ Multi-
modal approaches to analgesia have recently been explored, which may prove bene-
ficial in preserving more motor function and proprioception while providing excellent
analgesia.61
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A somewhat more novel neurologic concern associated with outpatient CPNB is the
risk of falls. In a recent report, 4 of 233 patients (1.7%) treated with continuous femoral
nerve block after knee surgery fell as outpatients.19 These falls occurred despite
patients receiving instruction not to bear weight on the affected extremity. This compli-
cation, although uncommon, is another example of the potential benefit in providing
low-concentration blocks that preserve more motor function and proprioception.

Local Anesthetic Toxicity

As previously mentioned, one advantage of CPNB over SINB is the ability to provide
prolonged analgesia without initial large-volume injections of concentrated local anes-
thetics. Indeed, recent data suggest that US-guided interscalene injection of bupiva-
caine, 25 mg (20 mL, 0.125%) provides excellent postoperative analgesia after
shoulder surgery.20 Most investigators report subsequent basal hourly infusion rates
of 5 to 10 mL per hour using dilute solutions of either ropivacaine or bupivi-
caine.11,16–18 With these low rates of infusion, it is not surprising that local anesthetic
toxicity is not listed as a complication in any large published series of CPNB to date.
However, even with these favorable results, it should be noted that although contin-
uous infusion is unlikely to result in sudden onset of toxicity, patients with a pump allow-
ing bolus capability could theoretically be at risk if intravascular migration should occur.

SUMMARY

The use of CPNB provides improved analgesia with fewer side effects than traditional
opioid-based techniques. These benefits are increasingly relevant in the ambulatory
surgery setting where more complex procedures are being performed as outpatients.
Safe and effective use of these catheters at home has been demonstrated in large
trials whose patients manage and remove their own catheters. Although variations
exist between institutions with respect to placement and management strategies,
several trends are becoming apparent. First, US is rapidly emerging as a dominant
technique for placing CPNB. Second, patients are able to successfully manage and
remove catheters at home with minimal supervision and low complication rates.
Finally, by containing catheter-related expenses and reducing the need for hospitali-
zation, the elusive goal of improved care at lower cost could be achieved.

APPENDIX 1
INTERSCALENE CATHETER: PATIENT INSTRUCTIONS (EXAMPLE)

You have received a nerve catheter to help control pain control after surgery. We have
provided the information below to answer questions you may have.

1. In addition to the catheter, you may take pain medication prescribed by your
surgeon as needed.

2. Keep the dressing clean and dry until it is time to remove the catheter. A small
amount of blood and/or clear fluid under the dressing is normal.

3. If you detect any increased pain, swelling, or redness at the site of the catheter,
notify the Doctor named below immediately.

4. The pump attached to this catheter will work in any position and is not affected
by gravity. You may attach it anywhere that is convenient for you. The ‘‘balloon’’
inside empties very slowly and may not appear to be changing in size.

5. Some normal side effects that may be present with this catheter include:

Drooping eyelid
Slight redness in the eye
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A smaller pupil
Hoarseness of the voice
Slight shortness of breath (diaphragm weakness).

6. Be aware that without normal sensation in your arm and hand, you must keep it
well-padded and protected from injury.

7. Your catheter should be removed on , when the bottle is empty. Simply
remove the tape and adhesive and pull the catheter out. The catheter should
come out very easily.

8. For any questions or concerns you may reach Dr directly at phone #
.

APPENDIX 2
FEMORAL NERVE CATHETER: PATIENT INSTRUCTIONS (EXAMPLE)

You have received a nerve catheter to help control pain control after surgery. We have
provided the information below to answer questions you may have.

1. In addition to the catheter, you may take pain medication prescribed by your
surgeon as needed.

2. Keep the dressing clean and dry until it is time to remove the catheter. A small
amount of blood and/or clear fluid under the dressing is normal.

3. If you detect any increased pain, swelling, or redness at the site of the catheter,
notify the Doctor named below immediately.

4. You should not bear weight or walk without assistance or crutches until the
sensation has completely returned to your leg.

5. The pump attached to this catheter will work in any position and is not affected
by gravity. You may attach it anywhere that is convenient for you. The ‘‘balloon’’
inside empties very slowly and may not appear to be changing in size.

6. Be aware that without normal sensation in your leg, you must keep it well-padded
and protected from injury.

7. Your catheter should be removed on , when the bottle is empty. Simply
remove the tape and adhesive and pull the catheter out. The catheter should
come out very easily.

8. For any questions or concerns you may reach Dr directly at
phone # .
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In recent years, the number of diagnostic and surgical procedures performed with
sedation has increased exponentially, with the majority of the growth occurring in
ambulatory surgical centers, physicians’ offices, and hospital locations outside the
operating room (also referred to as remote locations).1 Sedation and analgesia mini-
mize patient anxiety and discomfort, and allow patients to remain immobile for the
procedure. Other benefits include the avoidance of airway interventions, as well as
general anesthesia and its associated complications. Furthermore, sedation/anal-
gesia facilitates and expedites procedures and allows early recovery and discharge.2

Sedation provides for a superior patient experience that may improve overall patient
satisfaction.3 However, sedation/analgesia techniques can be associated with signif-
icant adverse events that might increase morbidity and mortality.4,5

This article reviews the complications associated with sedation/analgesia tech-
niques and provides an approach for their safe administration, and discusses the
newer drugs and devices used for provision of sedation/analgesia.
COMPLICATIONS ASSOCIATED WITH SEDATION/ANALGESIA TECHNIQUES

The overall complication rate associated with sedation/analgesia techniques remains
unknown because the literature is sparse and of limited quality. Nevertheless, it is well
accepted that although the mortality of sedation is low, the associated morbidity can
be significant. Complications of sedation/analgesia include respiratory complications
such as loss of airway patency, airway obstruction, and respiratory depression. That
may lead to life-threatening hypoxia and hypercarbia as well as cardiovascular compli-
cations such as hypotension and cardiac arrhythmias.4,5 In addition, depression of
protective airway reflexes during excessive sedation can lead to an unprotected
airway and thereby increase the risk regurgitation and aspiration of gastric contents.
The risks inherent in the procedures as well as risk of patient movement that may
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be detrimental to the patient should also be taken into consideration. Another concern,
although rare, is the potential for drug interactions or adverse reactions, including
anaphylaxis. Of note, residual sedative effects have the potential to cause delayed
complications (eg, hypoxia after discharge) that can be hazardous to unsupervised
patients.

Analysis of the American Society of Anesthesiologists (ASA) closed claim database
of monitored anesthesia care (MAC) cases found that more than 40% of claims asso-
ciated with MAC involved death or permanent brain damage, and the incidence was
similar to claims associated with general anesthesia.5 Respiratory depression with
hypoventilation after absolute or relative overdose of sedative-hypnotics and/or
opioids was the most common mechanism of injury. The investigators reviewing these
claims concluded that nearly 50% of complications were preventable.

Another analysis by Metzner and colleagues6 of the ASA closed claims database,
comparing liability in the operating room with that in remote locations (eg, gastrointes-
tinal suite, interventional cardiology suite, interventional radiology suite, and magnetic
resonance imaging suite), found that 50% of remote location liability claims involved
MAC. The proportion of claims of death was higher in remote locations than in the
operating room. Inadequate oxygenation/ventilation secondary to oversedation
accounted for more than a third of the claims. In addition, sedation in the prone posi-
tion, for example, during endoscopic retrograde cholangiopancreatography (ERCP),
may further increase the complication rate due to difficulty in securing the airway
and resuming adequate ventilation.6 Similar to the previous report,5 this study also
determined that better monitoring could have prevented the substandard care that
led to complications. These investigators emphasize that monitoring standards and
guidelines used for general anesthesia should be used for sedation care outside the
operating room.5,6

A recent study evaluated the safety and efficacy of propofol/opioid sedation, admin-
istered by anesthesia providers, for advanced endoscopic procedures that require
deep sedation (eg, ERCP and endoscopic ultrasound).7 In this study of 799 patients,
airway manipulations were required in 14.4% of cases. The incidence of hypoxemia
was 12.8%, hypotension occurred in 0.5%, and premature termination of the proce-
dure was required in 0.6% of patients. No patient required bag-mask ventilation or
tracheal intubation. Predictors of airway manipulation included male gender, higher
body mass index (weight in kilograms divided by height in meters squared), and
ASA physical status of 3 or higher. The dose of propofol used in this study was similar
to that required for provision of general anesthesia. The propofol dose to induce seda-
tion was 2.41 � 1.13 mg/kg when used alone and 1.37 � 0.75 mg/kg when used in
combination with opioids, while the propofol dose used for maintenance of sedation
was 0.23 � 0.1 mg/kg/min when used alone and 0.17 � 0.11 mg/kg/min when used
in combination with opioids. In addition, 87.2% of patients had no response to inser-
tion of the endoscope, which also suggests that the patients experienced deep seda-
tion or general anesthesia. Thus, the procedures were essentially performed under
general anesthesia (ie, total intravenous anesthesia) without tracheal intubation.
Therefore, this study questions the routine use of general anesthesia with tracheal
intubation for patients undergoing advanced gastrointestinal endoscopic procedures,
which is in contrast to the recommendation by Metzner and colleagues.6,7

An analysis of patients developing apnea and cardiopulmonary arrest during and
after endoscopy found that the majority of complications occurred around the time
of drug administration or after the procedure had ended, usually around 30 minutes
after the last dose of sedative-hypnotic and/or opioid administration.8 The investiga-
tors also reported that although pulse oximetry did not reduce the complication
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rate, it allowed early recognition of apnea and cardiopulmonary arrest. This study
emphasizes that postsedation observation is critical, particularly in the elderly and
patients with comorbidities.

In recent years, there has been an increasing trend toward propofol use by nona-
nesthesia practitioners, including registered nurses, which has become a subject of
major controversy.9 The safety of nonanesthesia practitioner administered propofol
(NAAP) was observed in 646,080 patients undergoing gastrointestinal endoscopic
procedures. These observational studies reported a low complication rate, which
included the need for tracheal intubation in 11 patients and death in 4 patients, but
no patient who survived had any permanent neurologic injury.9 Mask ventilation was
required in 0.1% cases. Overall, the safety of NAAP for upper endoscopy and colono-
scopy is the same as that of a benzodiazepine/opioid technique.10 Of note, the
reported mortality with a conventional benzodiazepine and opioid combination is 11
deaths per 100,000 cases.9 A recent study reported that deep sedation frequently
occurred with midazolam/meperidine sedation during endoscopic sedation.11

A position statement by the American Association for the Study of Liver Diseases,
the American College of Gastroenterology, the American Gastroenterological Associ-
ation Institute, and the American Society for Gastrointestinal Endoscopy claims that
the safety profile of NAAP is equivalent to that of standard benzodiazepine/opioid
sedation. It must be noted, however, that the majority of the observational trials
included in the evaluation of the safety of NAAP sedation are from a select few endo-
scopic units with extensive experience. Also, the sedation for endoscopy was
provided by the sole use of propofol. It is likely that the complication rate may increase
if propofol is used in combination with benzodiazepines and/or opioids, which is
usually necessary for more painful procedures. Furthermore, there is a paucity of
data on the safety of propofol administered by nonanesthesia practitioners for proce-
dures other than gastrointestinal endoscopies. Therefore, widespread indiscriminate
use of propofol by non-anesthesia practitioner may compromise patient safety.

In an interesting editorial endorsing the use of propofol in the emergency unit, Green
and Krauss12 identified risk of aspiration as the most serious risk rather than airway
obstruction and respiratory depression. Green and Krauss recommended clinicians
to ‘‘avoid assisting ventilations’’ and to ‘‘simply ‘wait out’ an occurrence of propo-
fol-associated respiratory depression’’ so as to minimize the risk of aspiration. Such
statements obviously confirm that these investigators, who are supposed to be
experts on sedation in the emergency unit, lack the understanding of risks associated
with propofol use. Similarly, a recent article on nurse-administered propofol sedation
for gastrointestinal endoscopic procedures13 states that ‘‘when using a multidrug
protocol with propofol, the clinician may be able to exploit the therapeutic actions
of the individual agents while reducing the possibility of sedation dose-related compli-
cations.’’ This standpoint is contrary to the established principles of polypharmacy
emphasizing that the risk of hypoxia, hypercarbia, and airway compromise are actually
worsened when propofol is combined with benzodiazepines and/or opioids. A lack of
appreciation for the risks associated with sedation and inappropriate management of
complications will lead to increased morbidity and mortality.
FACTORS INFLUENCING SEDATION-RELATED COMPLICATIONS

Some of the factors that influence sedation/analgesia complications include patient
characteristics, type of procedure, drug selection and dosing, monitoring, and
training. Patient characteristics that influence sedation-related complications include
extremes of age,14 significant airway abnormalities, obstructive sleep apnea (OSA),
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morbid obesity,15 and ASA physical status of 3 or greater. The increased risk of devel-
oping complications in this patient population is due to increased sensitivity to seda-
tive-hypnotics and opioids and/or altered pharmacokinetics and drug clearance.4,16

Similarly, certain types of procedures (eg, those requiring deeper levels of sedation
to prevent patient movement) may not be suitable for sedation/analgesia, and it
may be safer to perform them using general anesthesia. Also, the frequency of compli-
cations may be influenced by expectations of deeper levels of sedation by patients
and proceduralists.17

Achieving an appropriate level of sedation remains a clinical challenge, as sedation
represents a continuum of progressive impairment of consciousness that extends
from wakefulness to general anesthesia.18 As the patient transitions between stages,
they clearly become subject to respiratory and cardiovascular complications.19,20

Because of wide variability in patient response to sedative regimens, the appropriate
dosage needed to achieve a specific level of sedation cannot always be predicted.
Another factor that might influence the complication rate is the synergistic effects of
combinations of sedative-hypnotics and opioids21–25 as well as the accumulation of
active metabolites (eg, midazolam).26 Lysakowski and colleagues27 administered
opioids to achieve a specific effect-site concentration (fentanyl, 1.5 ng/mL; alfentanil,
100 ng/mL; remifentanil, 6 ng/mL; and sufentanil, 0.2 ng/mL; or placebo) to a group of
patients who then received propofol infusions. At the time of loss of consciousness
(LOC), the effect-site concentration of propofol was recorded. The investigators found
that, compared with placebo, patients who had received any of the 4 opioids achieved
LOC at lower propofol concentrations. Training and skills, patient selection, including
identification of patients and procedures that may be more safely performed by using
a general anesthetic, and monitoring and vigilance also influence the sedation-related
complication rate.

SAFE USE OF SEDATION AND ANALGESIA TECHNIQUES

The goals of a sedation/analgesia technique require a balance between patient
comfort and safety (ie, avoidance of respiratory and cardiovascular adverse effects
and delayed recovery and discharge home). It is important that the patient is prepared
appropriately and is not promised total amnesia, sleep, and oblivion, or complete
absence of pain.17 The level of sedation must be coupled with the invasiveness of
the procedure as well as the anxiety and cooperation of the patient. Sedative-
hypnotics and opioids should be administered prior to the noxious stimuli, rather
than at the time of the stimulus, as they have slow blood-brain equilibrium times. In
fact, drug administration at the time of the noxious stimuli may result in inadvertent
overdosing. Similarly, drug boluses should be adequately spaced, based on the
time to peak effect, to avoid overdosing. Furthermore, it is important to avoid using
deeper levels of sedation to compensate for inadequate analgesia.

Many professional associations have recently published sedation guidelines to
ensure high standards of patient care.28–31 The guidelines include recommendations
for preprocedure evaluation and selection, sedation techniques, monitoring, recovery,
and discharge protocols as well as the availability of appropriate facilities, equipment,
staffing, and training.

SEDATIVE-HYPNOTIC MEDICATIONS

Although several medication options exist, sedation in adults is typically achieved by
a combination of benzodiazepines (eg, midazolam) and opioids (eg, meperidine or fen-
tanyl). Midazolam provides reliable anxiolysis, sedation, and amnesia as well as
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centrally mediated muscle relaxation. In addition, it has a wide margin of safety and
can be quickly reversed by administration of the benzodiazepine antagonist flumaze-
nil. However, midazolam produces a dose-dependent cardiorespiratory depression,
which might be further exaggerated due to a synergistic effect when combined with
other sedatives and opioids. Another major limitation of midazolam is that it has
a slow onset and a prolonged duration that might delay recovery, discharge home,
and the return to daily living.32

Propofol

Propofol, an intravenous hypnotic drug with rapid onset and short duration of action,
can be used to provide moderate to deep sedation. The rapid onset of action allows
early achievement of the desired level of sedation. Because of its short duration of
action and lack of accumulation, propofol allows a more rapid recovery of cognitive
function. Other benefits of propofol include antiemetic and euphoric effects. Propofol
sedation has been associated with improved patient satisfaction compared with
benzodiazepine/opioid combinations. Furthermore, propofol reduces recovery room
stay (and improves throughput) and allows an early return to daily living. Because of
these numerous exceptionally desirable characteristics, propofol has become an
attractive option for sedation.

Propofol is, however, associated with hemodynamic effects (eg, hypotension) as
well as respiratory depression and airway obstruction. Propofol has no analgesic
effects and therefore it may have to be combined with opioids for painful procedures.
Concomitant use of propofol and opioids or benzodiazepines can cause significant
cardiorespiratory depression. Propofol has a narrow therapeutic range, which may
result in a deeper than expected depth of sedation, and it lacks a reversal agent.

Fospropofol

Fospropofol is a water-soluble prodrug of propofol that was recently approved for
sedation/analgesia. Fospropofol is metabolized by endothelial alkaline phosphatases
to propofol, phosphate, and formaldehyde.33–36 Formaldehyde is readily converted to
formate, which is metabolized in the liver to water and carbon dioxide. Although
formate toxicity can cause lactate acidosis, this has not been reported even with
long-term fospropofol infusion. Fospropofol is formulated in an aqueous solution
with some potential benefits over propofol (eg, pain on injection and safety issues
related to lipid-containing formulation such as hyperlipidemia and risk of infection).
Although fospropofol does not cause pain on injection, a side effect commonly seen
with propofol, it has been associated with paresthesias (burning sensations and
tingling) in the perianal and perineal area. The mechanism of this is still unknown.
However, the paresthesias are usually described as mild in intensity, transient, and
self-limited, typically lasting for 1 to 2 minutes. Also, similar to its metabolite, propofol,
fospropofol can cause dose-dependent hypotension, respiratory depression, and
apnea.33,36

The sedative properties of fospropofol are similar to those of propofol, but with
a slower onset and offset.35,36 The slower offset of fospropofol may allow a short
procedure (approximately 20–25 minutes) to be performed without repeated
dosing. However, clinical experience with fospropofol, particularly in nongastroin-
testinal procedures, is limited. Also, currently recommended fospropofol dosing
is complex and based on its use by nonanesthesia practitioners. Similar to propo-
fol, the US Food and Drug Administration (FDA) approval information and product
label state that when used to induce and maintain anesthesia, fospropofol ‘‘should
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be administered only by persons trained in the administration of general
anesthesia.’’

MANAGEMENT OF PROCEDURAL PAIN

Pain during interventional and invasive procedures can be managed with opioids and/
or nonopioid analgesics. The sole use of sedative-hypnotics, which do not have anal-
gesic effects, during painful procedures will require deep sedation and increase the
risk of cardiopulmonary complications. Therefore, sedative-hypnotics should not be
used to compensate for inadequate analgesia (eg, an inadequate local anesthetic
technique). The use of analgesics as adjuncts to hypnotic-sedatives may provide
adequate pain relief and reduce the total dose of hypnotic-sedative, but may also
increase the incidence of cardiopulmonary complications due to the synergistic
effects of combining multiple drug classes.

Opioids

Opioids (eg, fentanyl, sufentanil, and remifentanil) are commonly used as adjuncts to
sedatives to provide analgesia and reduce the autonomic effects of noxious stimuli.
Remifentanil has a short duration of action that does not increase with longer duration
of administration because of rapid clearance (elimination half-life of 20–30 minutes
context-sensitive half-time is 3–5 minutes) and lack of accumulation. Therefore, remi-
fentanil (0.05–0.5 mg/kg/min) is useful for conscious sedation and allows titratable
balance between analgesic and respiratory depressant effects.37 Although the combi-
nation of opioids with hypnotic-sedatives in appropriate doses may be beneficial with
respect to recovery and side effect profile, inappropriate doses and combinations may
significantly increase the incidence of undesirable side effects such as respiratory
depression, hypoxemia, and nausea and vomiting, as well as delay of recovery.25,38

It is important that opioids should be avoided or the dose limited in at-risk patient
groups such as the elderly, morbidly obese, and those with OSA.

Ketamine

Ketamine is a dissociative anesthetic with analgesic properties. Ketamine has
cardiovascular-stimulating effects (ie, increased heart rate and blood pressure)
but no respiratory-depressive effects. Therefore, combining ketamine (0.25–1
mg/kg) with propofol should reduce propofol requirements and mitigate the respi-
ratory and hemodynamic side effects of propofol. The analgesic effects of ket-
amine should improve the quality of procedural sedation. Furthermore, ketamine
produces positive mood effects with perceptual changes, provides prolonged
analgesia that extends into the postprocedure period, and allows earlier recovery
of cognitive function.

Despite the potential benefits of a propofol/ketamine combination it is not
commonly used, likely due to lack of knowledge about the optimal ketamine dose
as well as concerns about ketamine’s side effects.39 A systematic review of the
combination of low-dose ketamine with propofol for procedural sedation/analgesia
in the emergency department concluded that a ketamine/propofol combination
reduced the incidence of significant hemodynamic and respiratory compromise.
The need for active interventions, however, including fluid/vasopressor administra-
tion, need for supplemental analgesia, or assisted ventilation, was similar. The time
to discharge was also similar. Patients who received higher doses of ketamine had
a higher incidence of nausea, vomiting, and emergence reactions after the proce-
dure. Because the total number of patients included in the 11 trials who were
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evaluated in the systematic review was small, the investigators concluded that insuf-
ficient evidence exists to recommend the routine use of a ketamine/propofol combi-
nation for sedation in the emergency department setting.

Ketamine can cause copious secretions that might lead to laryngospasm. In addi-
tion, it produces skeletal muscle hypertonus and involuntary purposeful movements.
Larger ketamine doses can result in deep sedation or general anesthesia, and asso-
ciated complications including reduced gag reflex and airway obstruction. Another
major concern with ketamine is the potential for emergence reactions manifested by
vivid dreams and hallucinations. These complications may be avoided if the dose of
ketamine is limited to 0.25 to 0.5 mg/kg boluses with a maximum of 2 mg/kg over
a 30-minute period.

Glucocorticoids

Glucocorticoids have anti-inflammatory properties and therefore have the potential to
reduce the inflammatory response to surgical stress and improve postoperative
outcome.40,41 Dexamethasone (4–8 mg) causes analgesia and euphoria. Dexametha-
sone has also been shown to reduce postoperative nausea and vomiting. Thus, the
combination of dexamethasone with the sedation/analgesia technique has the poten-
tial for improving the quality of procedural sedation. Although no side effects have
been observed with a single dose of dexamethasone in large studies,42 there is
a potential for increased gastrointestinal side effects as well as delayed wound
healing.43

Dexmedetomidine

Dexmedetomidine is a centrally acting a2 agonist with hypnotic, analgesic, and
sympatholytic properties. Dexmedetomidine is gaining popularity for procedural
sedation because it has sedative as well as analgesic effects. In addition, it has
minimal effects on ventilation. Although it causes a decrease in minute ventilation,
similar to that seen during natural sleep, it maintains the normal ventilatory response
to hypercarbia. Therefore, dexmedetomidine may be beneficial in select patient pop-
ulations sensitive to sedative-hypnotics, resulting in life-threatening respiratory
depression and airway obstruction (eg, morbidly obese and OSA). A recent study
reported that compared with a midazolam/fentanyl sedation technique, a dexmedeto-
midine bolus of 1 mg/kg over 10 minutes followed by an infusion of 0.2 to 1 mg/kg/h
provided superior patient satisfaction, with lower opioid requirements and a lower
incidence of respiratory depression. Another study found that dexmedetomidine
was less effective than propofol/fentanyl for sedation during ERCP.44 However, dex-
medetomidine can cause bradycardia and hypotension.45,46 Hypertension has also
been observed with increasing plasma levels. Other limitations of dexmedetomidine
include a slow onset and longer duration of action, and a duration of action based on
the duration of infusion as well as the infusion rate.47 In a recent study, 49 patients
undergoing outpatient extracorporeal shock wave lithotripsy were randomized to
receive dexmedetomidine or midazolam/fentanyl sedation. The investigators found
prolonged recovery time (116 vs 51 minutes; P<.001) and a greater requirement of
rescue midazolam (96% vs 58%; P 5 .002) in the dexmedetomidine group.48 Avoid-
ance of a bolus dose may reduce the hemodynamic adverse effects. Therefore, an
initial infusion rate of 1 mg/kg/h, which is then titrated to a sedation level and/or
hemodynamics, is recommended. A combination of ketamine with dexmedetomidine
may reduce dexmedetomidine requirements and associated side effects as well as
improve procedural sedation.
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MONITORING DURING SEDATION AND ANALGESIA

Early detection of upper airway obstruction, respiratory depression, and apnea, which
are the most common sedation-related complications, should prevent hypoxia and
hypercarbia and associated complications such as permanent brain damage and
death. Many critical events could be detected early or avoided entirely by appropriate
monitoring, particularly respiratory monitoring.5,6,49

Because the procedures performed under sedation/analgesia are minimally inva-
sive (or relatively noninvasive), one may be lulled into complacency. An inappropriate
assumption may be made that the degree of care and vigilance required during seda-
tion could be less intense or less thorough. Signs of airway obstruction include
snoring, retraction of the suprasternal notch, and paradoxic pattern of breathing.
Monitoring of oxygen saturation has become the standard of care; however, there is
a considerable delay between the onset of hypoxemia and the detection of desatura-
tion by a pulse oximeter. This is particularly true in patients receiving supplemental
oxygen, which has also become the standard of care during sedation. An analysis
of deaths during upper gastrointestinal endoscopy (n 5 153) revealed that 88%
occurred during sedation while only 56% were monitored with pulse oximetry and
none had expired carbon dioxide (CO2) monitoring.50

Monitoring of ventilation during sedation can be accomplished by auscultation of
breath sounds using a precordial stethoscope, electrical impedance, or capnography
monitoring. Precordial auscultation and electrical impedance monitoring detect respi-
ratory efforts but not upper airway obstruction. In contrast, capnography (ie, moni-
toring of the exhaled CO2 waveform rather than just the value of end-tidal CO2

concentration) allows early detection of airway obstruction and apnea, and reliably
predicts impending hypoxemia.51,52 In a study by Soto and colleagues,51 apnea for
more than 20 seconds was detected by capnography but not by clinical signs of
obstruction and pulse oximetry. Thus, exhaled CO2 monitoring should be routinely
used during moderate to deep sedation.

SUPPLEMENTAL OXYGEN

Supplemental oxygenation prolongs the time to desaturation.53 Supplemental oxygen
increases oxygen reserves and decreases the likelihood of hypoxemia, thus providing
an additional margin of safety. However, this may provide a false sense of security,
and delay the diagnosis of airway obstruction and respiratory depression. Therefore,
the need for vigilance cannot be overemphasized.

STAFFING

Adequate staffing is critical in maintaining patient safety. There must be a minimum of
3 appropriately trained staff members present, which could include the proceduralist,
the practitioner administering sedation (with the sole responsibility of monitoring the
patient), and at least 1 additional staff member to provide assistance to the procedur-
alist and/or the practitioner providing sedation.

TRAINING FOR SEDATION BY NONANESTHESIA PRACTITIONERS

Training and responsibilities of health care workers providing procedural sedation is
critical in maintaining patient safety. It is clear that the skills and abilities that must
be acquired to safely provide deep sedation (eg, propofol sedation) are distinct
from those required for minimal to moderate sedation (eg, conventional benzodiaze-
pine/opioid sedation).
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Important elements of a training program include the understanding of the pharma-
cology of the drugs used to provide sedation/analgesia and the ability to recognize the
various levels of sedation. In addition, students should become proficient in the iden-
tification and management of potential complications, including advanced airway
management techniques and cardiopulmonary resuscitation. Training should include
both didactic and hands-on practical learning experience using life-size manikins and/
or human simulators. In addition, proficiency should be acquired through preceptor-
ship supervised by an anesthesiologist or a qualified clinician with privileges to admin-
ister deep sedation and/or general anesthesia. Certification in advanced cardiac life
support alone clearly is not adequate. There should be regular retraining with
emphasis on cardiovascular resuscitation, airway management, and exposure to
new and updated clinical information.

The American Association for the Study of Liver Diseases, the American College of
Gastroenterology, the American Gastroenterological Association Institute, and the
American Society for Gastrointestinal Endoscopy collaborated recently to provide
recommendations for NAAP for gastrointestinal endoscopy.29 The position statement
states that nonanesthesiologists can safely administer propofol for gastrointestinal
endoscopy provided they are properly trained and select patients wisely. This stand-
point is in contradiction to the ASA statement that propofol should be used by prac-
titioners trained in the administration of general anesthesia because of propofol’s
narrow therapeutic range and lack of a reversal agent. The ASA recommends that
the practitioners of moderate sedation should be able to rescue a patient transiting
into deep sedation, while those practicing deep sedation should be able to rescue
patients who inadvertently move into general anesthesia.28
DEVICES FOR SEDATION/ANALGESIA ADMINISTRATION

One of the factors that might influence procedural sedation/analgesia in the future is
the introduction of automated drug administration systems. Numerous sedation
administration devices designed to achieve optimal procedural sedation/analgesia
with improved patient safety have been investigated. These devices include patient-
controlled sedation (PCS), target-controlled sedation, and computer-assisted person-
alized sedation (CAPS) systems.

PCS is a concept based on patient-controlled analgesia (PCA), which has become
a standard of care for pain management. PCS attempts to address some of the limi-
tations of current sedation/analgesia practices including variations in patients’
response to sedative-hypnotics, variations in patients’ expectations of the degree of
sedation, and variations in requirements of sedation based on the level of stimulus.54

During PCS, patients can self-administer a sedative-hypnotic (eg, propofol) to their
desired needs. Patient satisfaction with PCS can be greater because of greater partic-
ipation in the sedation process. Similar to PCA, there is an inherent safety in the PCS
system, as patient feedback is necessary to administer a sedative-hypnotic. A PCS
system would administer a predetermined dose of a sedative/hypnotic with a lockout
period during which no drug will be administered. A recent study in patients under-
going colonoscopy reported that compared with PCS with midazolam and fentanyl,
PCS with propofol and remifentanil provided rapid induction of sedation and early
recovery.55

Target-controlled infusion devices (TCI) are designed to achieve steady-state drug
concentration based on pharmacokinetic-guided models.56 However, the TCI devices
have some inherent limitations such as variations in pharmacokinetics. In contrast to
these closed-loop systems, the newer automated anesthesia systems using
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pharmacodynamic-guided models (eg, bispectral index-guided propofol administra-
tion) show promise. These devices appear to be superior to manual control devices,
allow more rapid recovery, and improve quality of patient care.57 Of course, before
such devices become the ‘‘standard of care,’’ the limitations of the pharmacodynamic
variables (eg, bispectral index) used to guide drug administration will have to be
addressed. In addition, the safety of these devices must be proven under varying clin-
ical conditions. Further studies are needed to determine the optimal delivery system
that would enhance patient safety.

A CAPS system (Sedasys; Ethicon Endo-Surgery, Inc, Cincinnati, OH, USA),
comprising an automated propofol delivery device designed to provide minimal to
moderate sedation, is currently seeking the approval of the FDA. This device inte-
grates monitoring with pulse oximetry, capnography, electrocardiography, noninva-
sive blood pressure, and patient feedback to determine the dose of propofol.58 The
Sedasys system responds to hypoxia and low respiratory rate or apneic episodes
by encouraging the patient to breathe and/or stopping or slowing the propofol infu-
sion, as well as increasing the flow rate of supplemental oxygen.

A recent study reported that compared with the midazolam/fentanyl technique,
the Sedasys device precisely controlled propofol administration to achieve minimal
to moderate sedation in patients undergoing gastrointestinal endoscopic proce-
dures, and allowed early postprocedure recovery.59 However, this study can be
criticized for several reasons. First, the dose of midazolam and fentanyl was higher
than that used in routine practice. In addition, patients in the midazolam/fentanyl
group received lower oxygen flow rate (2 L/min) compared with higher variable
oxygen flow rate with the Sedasys device, which may have masked the incidence
of hypoxia. Propofol boluses were required in 77% of procedures, suggesting
a need for intervention as well as indicating the limitations of the alert system,
as it can be overridden. The higher doses of midazolam/fentanyl in the ‘‘standard
of care’’ group and the extra propofol boluses suggest the use of deeper levels of
sedation in these patient groups.

The device is designed to provide a propofol infusion rate of less than 75 mg/kg/min
with a 3-minute lockout between increases in maintenance dose, assuming that the-
patient responds appropriately to the periodic requests by the device. The health care
provider using the device can administer additional propofol boluses of 25 mg/kg with
a lockout interval of 90 seconds. This protocol allows for a maximum propofol dose of
200 mg/kg/min. Because the propofol dose for the maintenance of general anesthesia
is 100 to 200 mg/kg/min, the Sedasys system may allow administration of general
anesthesia by nonanesthesia practitioners, which may compromise patient safety.
The device is equipped with red and yellow alerts, which indicate different levels
of hypoxia and apnea. The device does not allow administration of propofol
boluses during these alerts, which are specifically designed to prevent further propofol
dosing.

In addition, in response to hypoventilation, the device increases the flow of fresh
oxygen. As described earlier, supplemental oxygen in the setting of hypopnea or
apnea can allow hypercarbia to go unnoticed for extended periods of time and delay
intervention. The device will also encourage the subject to increase ventilation when
inadequate ventilation is assessed either by respiratory rate or end-tidal CO2. As
mentioned previously, capnography allows for an accurate assessment of ventilation
quality and can detect impending hypoxemia earlier than pulse oximetry.

It is recommended that this device be used only in patients younger than 70 years, in
the presence of a 3-person clinical team whereby one person will have the sole
responsibility of monitoring the patient, the device, and managing the patient’s airway.
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This dedicated person must have advanced training and at least the skills of a nurse.
Physicians using the device must complete a stringent educational program as well as
demonstrate continuing competency (see earlier discussion). Finally, there is a need
for further research to assess the appropriate use and safety of this device in older
and sicker patients with comorbidities.
SUMMARY

The advantages conferred by the sedation and analgesia techniques have increased
their popularity. The goal of sedation must be to minimize risk while maintaining an
acceptable level of patient and practitioner satisfaction. In achieving adequate patient
comfort, it is important to avoid compromising patient safety. Because the differences
between the levels of sedation may be subtle and patients frequently move to a deeper
level than originally intended (which can result in significant morbidity and mortality),
the degree of care provided should be the same for all patients receiving sedation.
Of importance is that the risks of deep sedation may even exceed those of general
anesthesia in which the airway is already secured. Therefore, it is necessary to
develop protocols for instituting training programs, patient selection and preparation,
monitoring, sedation/analgesia techniques, and postprocedure recovery and
discharge, as well as diagnosis and treatment of potential complications. Finally,
anesthesiologists can play an important role in development of protocols, training
programs, and quality assurance programs.
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Modern anesthesia practice was made possible by the invention of the endotracheal
tube (ET), which made lengthy and complex surgical procedures feasible without the
disastrous complications of airway obstruction, aspiration of gastric contents, or
asphyxia. For decades, endotracheal intubation or bag-and-mask ventilation were
the mainstays of airway management. In 1983 this changed with the invention of the
laryngeal mask airway (LMA), the first supraglottic airway device (SGA) that blended
features of the facemask with those of the ET,1 providing ease of placement and
hands-free maintenance, along with a relatively secure airway.

In the United States, more than 75% of all surgical procedures are performed on an
outpatient basis.2 This situation has created an ever-increasing demand for anesthetic
agents and techniques that improve the efficiency and safety of anesthesia, aiming for
faster induction, emergence and recovery, fewer and milder side effects, and earlier
discharge of the patient. SGAs lend themselves particularly well to outpatient anes-
thesia, offering several advantages over the ET.

Insertion of an SGA may be less stimulating to the sympathetic nervous system than
direct laryngoscopy and placement of a semirigid ET into the trachea, thereby
decreasing the risk of adverse cardiovascular events in patients with coronary artery
disease. The laryngeal mask airway (LMA) is also tolerated at lighter levels of anes-
thesia than an ET,3 potentially decreasing side effects and length of stay. While one
study showed no differences between an LMA and an ET in average time to placement
of the two airway devices or time from end of surgery to removal of the airway device,
length of stay in the postanesthesia care unit and time to ambulation were significantly
shorter in the LMA group, although there were no differences in the times to ‘‘home
readiness.’’4 Another study did demonstrate that LMAs reduce induction time when
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compared with endotracheal intubation, although emergence times were again
similar.5 For outpatients undergoing dentoalveolar procedures under general anes-
thesia, the LMA group did have a shorter procedure time than the ET group and
had a significantly shorter recovery time.6 The incidence of postoperative sore throat
is also significantly less in patients receiving the LMA4,7 Another advantage is that an
SGA typically does not require neuromuscular blockade, thereby avoiding any asso-
ciated morbidity and side effects of the medication or its antagonists.

Following the success of the LMA, the last two decades have seen a proliferation
of SGAs. To be suitable for clinical use, an SGA must bridge the oropharyngeal space
efficiently, seal the upper airway during spontaneous and positive pressure ventila-
tion, have low resistance to respiratory gas flow, provide some degree of protection
of the subglottic airway from upper airway secretions and gastric contents, and have
a low incidence of airway morbidity and adverse events. The success of any SGA in
clinical practice depends on its accept/reject profile, which describes the potential
for acceptance or rejection of a foreign body by the oropharynx.8,9 This profile
depends on the device’s shape, material, cuff volume, and cuff position in the
oropharynx.

The use of SGAs is limited to certain patient populations and surgical procedures.
Compared with ETs, SGAs only partially protect against aspiration of gastric contents.
This limitation precludes their use in patients with a full stomach or other risk factors
for aspiration. Delivery of positive pressure ventilation is limited by the SGA’s airway
leak pressure, which for many lies between 20 and 25 cm H2O.10,11 Airway pressure
above this range may result in gastric insufflation and increased risk for regurgitation
and aspiration of gastric contents. Delivery of positive pressure ventilation may be
inadequate in the presence of decreased lung and chest compliance. Thus, the utility
of SGAs is limited in morbidly obese patients, in patients with restrictive and obstruc-
tive lung disease, or for laparoscopic surgery, especially when performed on a patient
in steep Trendelenburg position. Newer SGA designs aspire to address these limita-
tions and to expand the use of supraglottic ventilating techniques.
SUPRAGLOTTIC AIRWAY DEVICES IN CLINICAL USE
LMA Classic (LMA North America, Inc)

The LMA Classic may be the most important development in airway management in
the last 25 years. This device became commercially available in Europe in 1988 and
was approved by the Food and Drug Administration (FDA) for clinical use in the United
States in 1992.

The LMA Classic (Fig. 1) consists of a ‘‘bowl-shaped’’ mask surrounded by an oval,
inflatable, silicone cuff designed to seal around the laryngeal inlet. Two elastic bars
across the bowl aperture prevent obstruction by the epiglottis. The bowl and aperture
of the mask are continuous with a curved, wide-bore tube that can be connected to
a self-inflating (eg, Ambu) bag or a ventilatory circuit. The LMA Classic, available in
sizes 1 to 6, is designed to fit most airways, from neonates through large adults; it
is reusable up to 40 times with steam autoclaving.

After placement in the oropharynx, the cuff of the LMA is inflated with enough air to
yield an airway leak pressure between 20 and 25 cm H2O. If the LMA is misplaced, it
may result in a low airway leak pressure, but merely inflating the cuff with more air will
not necessarily contain the leak, and may cause pressure ischemia of the pharyngeal
mucosa and sore throat postoperatively. A low-pressure airway leak should be cor-
rected by adjusting the LMA position (with gentle pushing or pulling or with jaw thrust)
or by withdrawing and reinserting (Table 1).



Fig. 1. Laryngeal mask airway LMA Classic. (Courtesy of LMA North America, Inc; with
permission.)
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The LMA Classic was originally developed for use during routine general anesthesia
with spontaneous ventilation. The device can also be used with positive pressure
ventilation at peak airway pressures not exceeding 20 to 25 cm H2O or with pressure
support ventilation. Although designed for elective airway management, it has been
used successfully as an airway rescue device in emergencies, including resuscitation.
The LMA Classic is now listed in the American Society of Anesthesiologists (ASA) Diffi-
cult Airway Algorithm12 and the American Heart Association 2000 Guidelines for
Cardiopulmonary Resuscitation and Emergency Cardiovascular Care13 as a primary
ventilatory device or as a conduit for the ET in pediatric and adult patients in whom
ventilation with a facemask or intubation is difficult or impossible. The success rate
for blind intubation through the LMA Classic varies, but the use of a fiberoptic scope
for intubation through the LMA increases the success rate.14

The LMA Classic remains the most widely used SGA. At present, about 30% to 60%
of all general anesthetics are performed with an LMA, and it has been used in more
than 200 million patients worldwide.8 The incidence of major complications and airway
morbidity has been consistently low, and no apparent deaths have been attributed to
its use.8,15 The LMA primarily substitutes for a facemask, making airway management
‘‘hands-free’’ during general anesthesia. The LMA is contraindicated for patients with
decreased lung or chest compliance and increased airway resistance, glottic or sub-
glottic airway obstruction, oropharyngeal anatomic abnormalities, or who are at high
risk for aspiration.

The LMA Classic has been successfully used as a primary ventilatory device for
laparoscopic cholecystectomy and laparoscopic gynecologic surgery.16–18 However,
clinical studies of the use of the LMA for laparoscopic surgery have excluded patients
at risk for failure or complications of the use of the LMA, including patients with a full
stomach, those with a body mass index (BMI) of 30 kg/m2 or more, those of ASA
physical status III and above, or with a Mallampati score III or IV.16–18

LMA Unique (LMA North America, Inc)

The LMA Unique (Fig. 2) was among the first single-use equivalents of the original,
reusable SGAs. The development of this device was motivated by concerns about
the transmission of infectious agents, especially prions, by residual proteinaceous



Table 1
Tips for troubleshooting problems after LMA ProSeal insertion

Problems After Insertion Possible Cause(s) Possible Solution(s)

Poor airway seal/Air leak
(audible air leak, poor ventilation)

Mask seated too high in pharynx Advance mask in further and resecure airway tubes
with tape

Inadequate anesthesia Deepen anesthesia
Poor fixation Ensure palatal pressure and proper fixation
Overinflation of cuff Check cuff pressure at start and periodically during

case, especially if using nitrous oxide to ensure not
>60 cm H2O (adjust if necessary)

Herniation of cuff Confirm cuff integrity before use; deflate entirely
before autoclaving

Gas leakage up the drain tube with
or without PPV

Mask seated too high in pharynx Advance mask in further and resecure airway tubes
with tape

Incorrect placement in laryngeal vestibule Remove and reinsert
Open upper esophageal sphincter Monitor

Airway obstruction (difficult ventilation,
phonation, stridor)

Incorrect placement in laryngeal vestibule Remove and reinsert
Distal tip of mask pressing on glottic inlet

with mechanical closure of vocal cords
Ensure adequate anesthesia and correct cuff inflation

pressures
Place patient’s head/neck in sniffing position
Try PPV or add PEEP

Folding of cuff walls medially Consider insertion of 1 size smaller LMA ProSeal
Ensure correct cuff inflation pressures
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Gastric insufflation Distal tip of mask folded backward Remove and reinsert of digitally sweep behind the tip
Mask seated to high in pharynx Advance mask in further and resecure airway tubes

with tape

Migration/Rotation/Mask popping out of mouth Overinflation of cuff Check cuff pressure at start and periodically during
case, especially if using nitrous oxide to ensure not
>60 cm H2O

Herniation of cuff Confirm cuff integrity before use
Accidental displacement Ensure proper fixation
Distal tip of mask folding backward Remove and reinsert or digitally sweep behind the tip
Poor fixation Ensure palatal pressure and proper fixation

Resistance to OG tube insertion Insufficient lubrication Add lubricant and re attempt passing OG tube
Distal tip of mask folded backward Remove and insert or digitally sweep behind the tip
Mask seated to high in pharynx Advance mask in further and resecure airway tubes

with tape
Incorrect placement in laryngeal vestibule Remove and reinsert
Gross overinflation of cuff Check cuff pressure at start and periodically during

case, especially if using nitrous oxide to ensure not
>60 cm H2O

Abbreviations: OG, orogastric; PEEP, positive end expiratory pressure; PPV, positive pressure ventilation.
Courtesy of LMA North America, Inc; with permission.

Su
p

ra
g

lo
ttic

A
irw

a
y

D
e
vice

s
2
9
9



Fig. 2. Laryngeal mask airway LMA Unique. (Courtesy of LMA North America, Inc; with
permission.)
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material found on autoclaved airway management equipment.15,19,20 The LMA Unique
is a disposable, sterile version of the LMA Classic, is available in 5 sizes, and has clin-
ical applications and performance similar to those of the LMA Classic.

LMA Classic Excel (LMA North America, Inc)

The LMA Classic Excel (Fig. 3) improves on the LMA Classic with the addition of an
epiglottic elevating bar and removable connector to facilitate introduction of an ET
through the LMA after placement. The LMA Classic Excel is available in sizes 3 to 5
and accommodates ETs up to size 7.5; it is reusable up to 60 times.

LMA Flexible (LMA North America, Inc)

The LMA Flexible (Fig. 4) combines the original LMA cuff design with a narrower,
longer, wire-reinforced flexible airway tube. Intubation through this device is impos-
sible because of its longer and narrower airway tube, but because of its flexibility
and extra length, it can be positioned away from the surgical field without cuff
displacement. This feature makes it particularly useful for those procedures in which
the surgeon and the anesthesiologist work in the same area, such as during
Fig. 3. Laryngeal mask airway LMA Classic Excel. (Courtesy of LMA North America, Inc; with
permission.)



Fig. 4. Laryngeal mask airway LMA Flexible. Reusable version (top) and single use version
(bottom). (Courtesy of LMA North America, Inc; with permission.)
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ear/nose/throat, maxillofacial, or dental procedures. The LMA Flexible is available in
sizes 2 to 6 in both reusable and disposable versions.

LMA ProSeal (LMA North America, Inc)

The LMA ProSeal (Fig. 5) modifies the LMA Classic with a better airway seal and sepa-
rate access to the gastrointestinal and respiratory tracts. These features improve the
safety and efficacy of positive pressure ventilation, provide a means of gastric suction-
ing, reduce the risk of regurgitation and aspiration of gastric contents, and help
confirm correct mask position (Fig. 6). The cuff of the LMA ProSeal has an additional
chamber to form a tighter pharyngeal seal when the perilaryngeal cuff is pushed
Fig. 5. Laryngeal mask airway LMA ProSeal. (Courtesy of LMA North America, Inc; with
permission.)



Fig. 6. Correct placement of the LMA ProSeal. Gastric tube placed in the esophageal lumen
enables gastric emptying and assessment of the position of the distal end of the LMA Pro
Seal at the upper esophageal sphincter. (Courtesy of LMA North America, Inc; with
permission.)
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against the laryngeal inlet, permitting positive pressure ventilation up to 30 cm H2O. A
built-in esophageal drain opens at the esophageal tip of the mask and can accommo-
date a 14-F gastric tube (see Fig. 6). Because it is impossible to pass the gastric tube
through an obstructed distal opening of the esophageal drain, a misplaced LMA (eg,
folding the tip of the mask over backward) can be discovered quickly (see Table 1).
The LMA ProSeal is available in sizes 1.5 to 5 and is reusable. The airway tube is
wire-reinforced and fused with the esophageal drain at the incisor level by a built-in,
silicone bite block.

In 2005, 59 controlled randomized trials or other clinical studies and 79 other publi-
cations from January 1998 to March 2005 were reviewed.21 Compared with the LMA
Classic, the LMA ProSeal had an equal insertion success rate and 50% improvement
in the airway seal. Because of the esophageal port, diagnosis of misplacement was
prompt, gastric drainage was possible, gastric inflation was reduced, and regurgitated
stomach contents could be vented. Evidence suggested, but did not prove, that
a properly placed LMA ProSeal reduces aspiration risk compared with the LMA
Classic. The LMA ProSeal also caused less coughing and sympathetic stimulation
than an ET. Comparative trials of the LMA ProSeal and other SGAs demonstrated
the superior performance of the LMA ProSeal during positive pressure ventilation,
under conditions of both normal and elevated (ie, during laparoscopic surgery)
intra-abdominal pressure.22–24 The ProSeal was also associated with less analgesic
requirement in patients undergoing laparoscopic gynecologic surgery in the first six
hours after surgery in comparison with intubated patients.25 Postoperative nausea
and vomiting, analgesic requirements, and airway morbidity were also less in a similar
study looking at both laparoscopic and breast surgery.7

LMA Supreme (LMA North America, Inc)

Like the LMA ProSeal, the LMA Supreme (Fig. 7) has a modified cuff that achieves
a 50% higher airway seal pressure than the Classic or the Unique, and a gastric drain
to suction the stomach, vent regurgitated stomach contents, and confirm placement
of the tip of the mask at the upper esophageal sphincter. A reinforced tip and molded
distal cuff prevent folding. The curve and shape of the airway tube make insertion
easier and placement more stable. The LMA Supreme is a single-use device, available
in adult sizes 3 to 5; its clinical utility is similar to that of the LMA ProSeal.



Fig. 7. Laryngeal mask airway LMA Supreme. (Courtesy of LMA North America, Inc; with
permission.)
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LMA Fastrach (LMA North America, Inc)

Although the LMA Fastrach (Fig. 8) may function as a ventilating supraglottic airway, it
is primarily an intubating tool and was designed as a conduit for placement of an ET in
cases of anticipated or actual difficult direct laryngoscopy. Its rigid, anatomically
shaped airway tube is wide enough to accommodate a size 8 ET and short enough
for placement of the ET cuff below the vocal cords. The LMA Fastrach was intended
for blind endotracheal intubation but also can be used with a fiberoptic bronchoscope,
lighted stylets, or the Flexible Airway Scope; it is available in sizes 3 to 5 and comes
with a specially designed, reusable, wire-reinforced LMA Fastrach ET (Fig. 9).
Fig. 8. Laryngeal mask airway LMA FasTrach. LMA ET Tube is placed in the airway tube. The
tip of the ET tube protrudes under the epiglottic elevating bar. (Courtesy of LMA North
America, Inc; with permission.)



Fig. 9. Endotracheal tube LMA ET Tube, for use with the LMA FasTrach. (Courtesy of LMA
North America, Inc; with permission.)
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LMA CTrach (LMA North America, Inc)

The LMA CTrach (Fig. 10) is an LMA Fastrach with built-in fiberoptics for real-time
visualization during intubation of the trachea. Ventilation is possible during intubation
attempts through the mask portion of the LMA CTrach.

Other SGAs Similar To LMA Laryngeal Masks

There are several laryngeal masks available for clinical use in the United States. Their
design generally follows that of the LMA Classic and its later variants, with minor modi-
fications depending on the manufacturer. Most of them are single-use devices. The list
of the laryngeal masklike devices includes Sheridan Laryngeal Mask (Teleflex
Medical), Portex Soft Seal Laryngeal Mask (Smiths Medical), Aura40 Reusable Laryn-
geal Mask, AuraStraight Disposable Laryngeal Mask, AuraFlex Disposable Laryngeal
Fig. 10. Intubating laryngeal mask airway LMA CTrach. (Courtesy of LMA North America,
Inc; with permission.)
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Mask, and AuraOnce Disposable Laryngeal Mask (Ambu, Inc), as well as Ultra CPV
and UltraFlex CPV (AES, Inc).

OTHER SGA DESIGNS
Combitube (Covidien)

The Combitube (Fig. 11) is a disposable, double-lumen tube that combines the
features of a conventional ET with those of an esophageal obturator airway. The Com-
bitube has a large proximal oropharyngeal balloon and a distal esophageal (or
tracheal), low-pressure small cuff, with eight ventilatory holes between the cuffs,
and a single ventilatory port at the distal tip (Fig. 12). There is ventilation with the
Combitube regardless of whether the distal tip is in the esophagus (common)
(Fig. 13) or in the trachea (rare).26 In the latter case, the device functions like a conven-
tional ET when the distal cuff is inflated. When the distal tip is in the esophagus, the
distal cuff seals the esophagus against regurgitation of gastric contents, and a gastric
tube can be placed through the esophageal lumen.

The Combitube has been used worldwide for more than 20 years as an emergency
airway,27 chiefly in the prehospital setting. The Combitube is an easy-to-use device in
a ‘‘cannot-ventilate-cannot- intubate’’ scenario that has been used in challenging
Fig. 11. Combitube esophageal/tracheal double lumen airway: 2 different sizes. (Courtesy
of Covidien Nellcor and Puritan Bennett, Boulder, CO; with permission.)



Fig. 12. Combitube esophageal/tracheal double lumen airway. (Courtesy of Covidien Nell
cor and Puritan Bennett, Boulder, CO; with permission.)

Fig. 13. Combitube placement in esophagus. The tube is advanced until the 2 black depth
marks are at the level of the teeth. The distal esophageal cuff is inflated with 10 mL of
air to seal the esophagus. The proximal pharyngeal cuff is inflated with 80 mL of air,
securing the tube in place and sealing off the oral and nasal cavity. The patient’s lungs
are ventilated through lumen 1 (pharyngeal lumen). (Courtesy of Covidien Nellcor and
Puritan Bennett, Boulder, CO; with permission.)
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situations at accident sites, such as for individuals trapped in an automobile wreck
where access to the airway is severely limited.

One study compared the Combitube, the LMA ProSeal, and the Laryngeal Tube S
(LTS) in 90 patients who underwent general anesthesia for minor gynecologic proce-
dures. All patients were ASA physical status class I, II, or III, and had a BMI less than 35
kg/m2. The Combitube was inferior for the technical aspects of ventilation (time to
successful placement and ventilation, failure rate), produced the highest cuff pres-
sures, and resulted in the highest incidence of airway morbidity.28 Increased airway
morbidity with the Combitube compared with the LMA during routine surgery has
also been demonstrated by another study,29 and airway management with the
Combitube during routine general anesthesia is not recommended.28,29

King LT and King LTS (King Systems/VBM Medizintechnik, GmbH)

The Laryngeal Tube (LT) (Fig. 14) is a single-lumen, silicone tube with a large oropha-
ryngeal and smaller esophageal, low-pressure cuff, two ventilation outlets between
the cuffs, insertion marks, and a blind esophageal tip. Superficially it resembles
a shorter Combitube. The LT is easy to insert and may offer some protection against
aspiration. The reusable version may be used up to 50 times and is available in sizes 2
to 5. A disposable version is also available.

The Laryngeal Tube S (LTS) has a second lumen for placement of a gastric tube for
drainage of stomach contents (Fig. 15). The LTS is available in reusable and dispos-
able versions in sizes 3 to 5.
Fig. 14. Supraglottic airway device King LT. (Courtesy of King Systems Corporation, Nobles
ville, IN; with permission.)



Fig. 15. Supraglottic airway device King LTS: a correct placement with distal tip at the upper
esophageal sphincter. A gastric tube is placed in the esophageal channel. (Courtesy of King
Systems Corporation, Noblesville, IN; with permission.)
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The LT and LTS can be used with a spontaneously breathing patient or with positive
pressure ventilation. Their ventilatory seal characteristics are comparable with those
of the LMA ProSeal. Since its introduction into clinical practice in 2002, several studies
have compared the LTS with the LMA ProSeal.22,23,28,30 In three studies, the airway
seal of the LTS was adequate during positive pressure ventilation, even under condi-
tions of elevated intra-abdominal pressure during laparoscopy, but excluded from the
studies were patients whose ASA physical status class was III or higher, whose BMI
was greater than 35 kg/m2, or who were at a risk for aspiration. During laparoscopy,
intra-abdominal pressure was limited to 18 cm H2O, and Trendelenburg position did
not exceed 15�. In a fourth study, the LTS was inferior to the LMA ProSeal with regard
to insertion time and success, airway leak pressure, peak and plateau airway pres-
sure, and ease of passage of a gastric tube.23 The incidence of throat soreness and
dysphagia appeared to be lower with the use of the LMA ProSeal.22,28

Overall, the data suggest that the LTS is a safe and effective airway device in adult
patients whose lungs are mechanically ventilated.8

Cobra PLA (Engineered Medical Systems)

The Cobra Perilaryngeal Airway (PLA) (Fig. 16) is a cuffed, disposable SGA. The Cobra
PLA has a tapered, striated head, a large, circumferential pharyngeal cuff, and
a breathing tube; it is available in eight sizes for use from neonates through large
adults. The ventilatory opening at the junction of the tube and the head is protected
from obstruction by the epiglottis by a soft ‘‘grill’’ on the anterior (laryngeal) aspect
of the head. A size 8 ET can be advanced through Cobra sizes 4 to 6. Several



Fig. 16. Cobra supraglottic airway device. (Courtesy of Focus Medical Hellas S.A., Attiki,
Greece; with permission.)

Supraglottic Airway Devices 309
studies16,31–33 evaluated the Cobra during spontaneous and positive pressure ventila-
tion in adults and children. Patients were ASA physical status class I or II, had a Mal-
lampati score of I or II, BMI less than 30 kg/m2, and no history of gastroesophageal
reflux disease (GERD). In all studies, the Cobra was a suitable primary ventilatory
device that provided a higher airway seal pressure than the LMA Unique. However,
another study comparing the Cobra and the LMA Classic during anesthesia for elec-
tive surgery was terminated after pulmonary aspiration occurred in two patients with
the Cobra PLA.34 This study excluded patients with a history of GERD, a difficult
airway, or morbid obesity.

SLIPA (SLIPA Medical Ltd)

The Streamlined Liner of the Pharynx Airway (SLIPA) (Fig. 17) is a noncuffed, single-
use SGA, made of soft plastic in the shape of a pressurized pharynx. The SLIPA
has a hollow, boot-shaped chamber, with a toe bridge that seals at the base of the
tongue and a heel that anchors the device in place between the esophagus and the
nasopharynx (Fig. 18). The hollow chamber can store up to 50 mL of regurgitant
gastric liquid. The SLIPA is available in six adult sizes, 47 to 57, that match the width
of the thyroid cartilage and are equivalent to LMA sizes 3 to 5.5.

The SLIPA is intended as a primary airway device during general anesthesia of short
duration. Its efficacy and complication rate are comparable to those of the LMA
Classic.31,35,36 The SLIPA is not recommended for patients placed in positions other
than supine or when the risk of aspiration is increased. Even though the SLIPA
includes a chamber to capture regurgitant gastric contents, more clinical evidence
is needed to demonstrate that it confers protection against aspiration.



Fig. 17. SLIPA supraglottic airway device. (Courtesy of ARC Medical, Inc, Tucker, GA; with
permission.)

Fig. 18. SLIPA supraglottic airway device placement in the oropharynx. (Courtesy of ARC
Medical, Inc, Tucker, GA; with permission.)
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Fig. 19. i gel supraglottic airway device. (Courtesy of i gel Intersurgical Ltd, Wokingham,
Berkshire, UK; with permission.)

Fig. 20. Placement of the i gel supraglottic airway device in the oropharynx. (Courtesy of
i gel Intersurgical Ltd, Wokingham, Berkshire, UK; with permission.)
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Intersurgical i-gel (Intersurgical Inc)

The i-gel (Fig. 19) is the latest addition to the SGA arsenal. The i-gel is a single-use
device that has an integral bite block, a gastric tube channel, and a soft, noninflatable
cuff that adapts to the hypopharyngeal anatomy after blind placement (Fig. 20). The i-
gel was found to be safe and effective during positive pressure ventilation in adults
with a BMI less than 35 kg/m2,37,38 and in nonobese children,39 but another study look-
ing at 280 uses of the i-gel yielded three cases of regurgitation, with one resulting in
nonfatal aspiration.40
SUMMARY

Supraglottic airway devices have become prevalent in the ambulatory setting because
they typically are more user-friendly than a face mask and avoid many of the problems
associated with endotracheal intubation. The LMA Classic and the LMA ProSeal have
an established record of safety and efficacy for routine cases in healthy adult and pedi-
atric patients with no significant comorbidities such as morbid obesity, pulmonary
disease, or aspiration risk. While this reputation has resulted in a tendency to expand
the use of supraglottic airway devices to laparoscopic surgery and to procedures in
morbidly obese or pregnant patients, these practices remain controversial. The LMA
ProSeal may provide a better airway seal and protection against aspiration than the
LMA Classic, although the latter claim has not been definitively demonstrated. Often,
disposable LMAs match the performance of the reusable devices.

Over the last two decades, the enormous success of the LMA has been followed by
the proliferation of other supraglottic airway devices, each claiming advantages over
devices already in use. The Laryngeal Tube and the Laryngeal Tube S are somewhat
inferior to the LMA and the LMA ProSeal, respectively, in terms of airway morbidity and
delivery of positive pressure ventilation, but they are suitable for routine use. The Com-
bitube should not be used for routine airway management during anesthesia because
its incidence of airway morbidity is higher than that of other supraglottic airway
devices. Recently developed noninflatable devices, the SLIPA and the i-gel, await
more clinical trials to establish their suitability in either the outpatient or the inpatient
setting. While more research and development are indicated, SGAs are already
proven to be indispensable in the ambulatory setting.
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The care of the child having ambulatory surgery presents a specific set of challenges
to the anesthesia provider. This review focuses on areas of clinical distinction that
support the additional attention children often require, and on clinical controversies
that require providers to have up to date information to guide practice and address
parental concerns.

Specifically, this article addresses various categories of risk as applied to children
presenting for ambulatory surgery (cardiovascular and respiratory risk, as well as
the potential for neurocognitive dysfunction in the very young). The authors consider
the role of perioperative anxiety and agitation, the influence these phenomena have
on the experience of pediatric patients and their families, and potential strategies to
minimize these outcomes. Considering the preponderance of head and neck surgery
for pediatric ambulatory surgery, the authors focus on issues that complicate ear,
nose, and throat (ENT) cases, including surgical risk, issues related to sleep-disor-
dered breathing, and postoperative nausea and vomiting (PONV). This article
discusses guidelines for pediatric anesthesia care and possible future implications
for credentialing providers.
RISK IN PEDIATRIC AMBULATORY ANESTHESIA

Many pediatric anesthetics are done on an outpatient basis; although these are minor
cases, they may present significant challenges to the clinician. In 2006, the most
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common cases in children less than 15 years of age were myringotomy with tube
insertion (667,000), tonsillectomy with or without adenoidectomy (530,000), and
adenoidectomy alone (132,000).1

Information about risk comes from several types of data. Large descriptive series
give an overall picture of pediatric anesthesia outcomes, but may be limited in the
type and amount of detail, and often come from a single institution; most of these
are not specific to outpatients. Incident-reporting studies such as the American
Society of Anesthesiologists (ASA) Closed Claims study give more detail on individual
serious adverse events, but do not have denominator data to describe the population.
Clinical registries gather data prospectively about a given population or problem; the
Pediatric Perioperative Cardiac Arrest (POCA) registry has provided valuable informa-
tion about anesthetic-related cardiac arrest, and in the future more and larger registry
efforts should yield more precise outcomes data.

Risk factors associated with serious adverse events in pediatric anesthesia include
young age (most frequently <12 months), coexisting disease as reflected by higher
ASA status (particularly congenital heart disease), and emergency surgery.2 A recent
large study from France reflects the modern era of anesthetic drugs and monitoring
and shows a low overall rate of major morbidity related to anesthesia.3 In outpatient
outcome studies, Fleisher and colleagues4 analyzed data of 783,558 surgical admis-
sions in New York State, but no pediatric-specific risks were identified. A retrospective
survey of outpatient-procedure–related death in Massachusetts between 1995 and
1999 did not report any pediatric deaths.5 Smaller series of pediatric ambulatory cases
primarily detail unanticipated admission rates (0.9%–2%, usually for extensive surgery
or protracted vomiting) and the rates of minor complications such as vomiting, cough/
croup, and somnolence.6–8

The ASA Closed Claims Project reviews claims against anesthesiologists after the
cases have reached some conclusion in the legal system. Analysis of patterns of injury
from these cases has identified several situations in which anesthesiologists can
recognize and decrease risk, such as cardiac arrest in adults having spinal anesthesia.
Comparison of pediatric with adult claims in the early era of the Closed Claims Project
showed that claims in pediatric patients were more likely to have been precipitated by
a respiratory event, and more often deemed preventable by reviewers.9 Analysis of the
more recent pediatric cases in the Closed Claims database found a relative reduction
in claims for death/brain damage and for respiratory events, particularly inadequate
ventilation and oxygenation. This improvement may be related to the adoption of pulse
oximetry and capnography as standards in the early 1990s.10 Again, younger age and
higher ASA status correlated with risk; half of the claims involved patients less than 3
years of age, and one-fifth were ASA 3 to 5.

Cardiac Risk

After the observations in the early Closed Claims series relating cardiac arrest to respi-
ratory events, the POCA Registry was established to study anesthetic-related cardiac
arrest in children. The initial results showed a cardiac arrest rate of 1.4 per million
anesthetics, with the highest incidence in children less than 1 year of age and ASA
3 to 5. Cardiac arrests described in healthy children were primarily related to respira-
tory difficulty (laryngospasm or anatomic airway obstruction) and to relative anesthetic
overdose (primarily with halothane), the latter accounting for nearly half of cardiac
arrests in patients who were ASA 1 to 2.11 The POCA group published a follow-up
analysis in 2008 that showed a significant decline in cardiac arrest related to volatile
anesthetic overdose, but a constant proportion of respiratory causes, with laryngo-
spasm still prominent.12 The other causes of pediatric cardiac arrest identified in
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healthy patients (hypovolemia from blood loss and hyperkalemia from transfusion of
stored blood) are unlikely to be seen in the ambulatory population. There was only 1
cardiac arrest in the 2000 POCA report related to hyperkalemia from succinylcholine
in a patient with unrecognized myopathy; case reports of this clinical scenario from the
early 1990s resulted in a US Food and Drug Administration (FDA) warning against the
routine use of succinylcholine in pediatric patients.13

Respiratory Risk

As noted earlier, perioperative respiratory adverse events (PRAE) in children may
precipitate serious adverse outcomes. Respiratory events are common in studies of
pediatric anesthesia complications; in evaluating these studies, it is important to
consider the definitions used, which are frequently not consistent (eg, selection of
an oxygen saturation of 95% as the threshold to describe a complication will result
in a higher incidence than a threshold of 90% saturation). It is also important to
consider the patient population, case type, and anesthetic technique; for example,
a series of children with indwelling central venous catheters having propofol anes-
thetics for diagnostic and therapeutic procedures described a significantly lower inci-
dence of laryngospasm than was seen in many other series.14

In a large series of pediatric patients, Murat and colleagues3 found that respiratory
events represented 53% of all intraoperative events, and were more frequent in ENT
surgery, with ASA physical classification status 3 to 5, and with tracheal intubation.
Mamie and colleagues15 described an overall 1.57 relative risk increase for PRAE in
any child having ENT surgical procedures. Other risks for PRAE included provider
experience, younger age, and upper respiratory infection. Although data suggest
low overall risks for brief procedures such as myringotomy and ventilation tube
(M&T) placement,12,16 the clinician must consider the risk of upper respiratory infec-
tion, potentially difficult mask ventilation, and comorbidities. In 1990, Markowitz-
Spence and colleagues17 reported their experience with 510 children having M&T
with 12% minor PRAE and 1.4% serious PRAE. In 2002, Hoffman and colleagues18

reported a similar series of 3198 children with a 9% adverse-event rate and 1.9%
major PRAE. All patients received inhalation induction with halothane, and therefore
it is unclear whether the data are applicable to today’s practice. Their data included
19/1005 cases of laryngospasm, airway obstruction, or significant desaturation.18

These investigators and others report that significant comorbidities and concurrent
illness, including acute or recent respiratory infection, predicted increase
PRAE.19–21 Both of these series represent data from a pediatric specialty center,
and applicability to a general anesthesia practice should be made with caution; avail-
able data make it impossible to quantify whether risks are different in other settings.
Because most M&T patients are less than 6 years of age, with peak incidence during
infancy, an effort should be made to optimize the timing of the procedure and perio-
perative care to minimize risk.

Neurocognitive Outcomes

Although there is generally a focus on immediate risk in the perioperative period,
a growing concern among parents relates to the possibility of adverse neurocognitive
outcomes in very young children after anesthesia. In the last several years, the lay
press has picked up on some animal and preliminary clinical studies that raise these
questions. The initial animal studies involved chronic exposure of pregnant rats to sub-
anesthetic concentrations of halothane, and showed behavioral abnormalities in the
rat pups produced. Subsequent studies designed more specifically to study the
effects on the brain have found neural degeneration, usually apoptosis (programmed
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cell death) in a diffuse pattern.22 Multiple studies have shown this effect, although
some have not. Almost all classes of anesthetic and sedative medications have
been shown to have adverse effects in laboratory animals (volatile anesthetics, nitrous
oxide, benzodiazepines, propofol, barbiturates, ketamine). Opioids generally show
minimal effects, and there is some suggestion of mitigation of adverse effects of iso-
flurane by dexmedetomidine.23 Some animal data suggest that the adverse effects on
neuronal development occur to a more significant extent in the absence of a painful
stimulus, and so would be more relevant to sedation/anesthesia for intensive care
unit (ICU) care or prolonged procedures. There remains much to learn about the mech-
anism of the tissue changes seen in animals, as well as how the experimental factors
apply to humans (developmental age, duration of exposure and dosages, animal
species, and anesthetic management).22

Epidemiologic information from human studies has only recently become available.
A study from the Mayo Clinic used an existing birth cohort for learning disability, and
found that children who had received 2 or more anesthetics before the age of 4 years
were at increased risk to develop learning disability.24 This was a retrospective study
and impossible to discern whether this was a causal association or whether anes-
thesia was a marker for other factors which might cause learning disability; the
anesthetics involved also occurred in children born between 1976 and 1982, before
the availability of current drugs or monitoring modalities. A retrospective pilot study
found more behavioral disturbances in children who had anesthesia/urologic surgery
before 24 months of age.25 Most recently, a twin study showed no differences in
learning ability in twin pairs in which 1 was exposed to anesthesia before the age of
3 and 1 was not; these investigators concluded that anesthesia at an early age is
a marker of vulnerability for learning disability rather than a causative factor.26 Several
large prospective studies are being designed or are in process to attempt to find
a more definitive answer to this question, but conclusive data are likely to be several
years away. However, it seems that, if risk for postanesthetic neurocognitive dysfunc-
tion exists in human infants, it is greatest in the very premature infant, for prolonged
anesthesia/sedation and possibly at very high doses, and in the absence of painful
stimuli. All of this should be reassuring to parents of children coming for brief ambu-
latory procedures.

Preoperative Anxiety and Postoperative Agitation

Predicting and managing anxiety in the child and parents is an important part of
creating a safe and pleasant anesthetic experience for the pediatric outpatient.
Studies confirm some of our clinical impressions: risk factors for high anxiety at induc-
tion include younger age, behavioral problems with previous health care attendances,
longer duration of procedure, having more than 5 previous hospital admissions, and
anxious parents.27,28 Kain and colleagues29,30 have published on several aspects of
this issue, showing that midazolam premedication or parental presence decreases
anxiety and improves acceptance of a mask induction, with midazolam somewhat
more effective than parental presence, but that parental presence does not add to
the benefit of premedication. Detailed analysis shows that children who benefit
most from parental presence are somewhat older, have lower levels of anxiety at
baseline, and have calmer parents who value preparation and coping skills for medical
situations.28 A calm parent did benefit anxious children, whereas overly anxious
parents did not confer any benefit. A comprehensive patient preparation program
decreased anxiety and improved the quality of induction to a similar degree compared
with midazolam, but patients in the preparation program also had decreased inci-
dence of emergence delirium, lower requirements for opioids in the recovery area,
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and a shorter time to discharge compared with premedication or parent-present
induction alone.31

Emergence agitation or delirium is a troublesome and poorly understood entity. It
occurs most often in children aged 2 to 5 years, and an association has been found
between preoperative anxiety in the child and parent, emergence delirium, and malad-
aptive behaviors (sleep disturbances, and so forth) after discharge.32 Agitation is more
common after volatile anesthetics than after propofol. Although the clinical opinion of
many recovery nurses is that delirium is more common after the shorter-acting volatile
anesthetics than after halothane or isoflurane, the literature does not strongly support
this33,34; the occurrence in the early postoperative period with these shorter acting
medications may lead to this impression. The rate of emergence does not seem to
be responsible for the agitation itself, as comparison between sevoflurane and propo-
fol showed that children emerged at the same rate but there was significantly higher
agitation with sevoflurane.35 Midazolam premedication does not seem to decrease
the incidence of emergence agitation, whereas several studies have suggested that
ketamine has a favorable effect, perhaps related to duration of sedation. Small doses
of propofol or dexmedetomidine near the end of anesthesia have been effective in
reducing agitation.36,37

In true emergence delirium, children are agitated, unaware of their surroundings,
and inconsolable.38 Several clinical scales have been developed to attempt to quantify
the severity of emergence delirium. The clinician faced with such a child needs to
determine whether pain is, or could be, a component, in which case analgesics should
be titrated if there is no contraindication. For nonpainful procedures, or if pain is
believed to have been treated adequately, sedative drugs may be administered. In
a monitored setting with appropriate staffing, a small dose of propofol may be
used. Some agitation is self-limited; the anesthesia team should assess the need
for treatment, weighing the potential for patient injury against risks such as respiratory
depression, nausea/vomiting, and delayed discharge.
CHALLENGES IN AMBULATORY ENT ANESTHESIA

As noted earlier, rates of mortality or significant morbidity are low in pediatric ambulatory
anesthesia. ENT surgery is routinely cited as the highest-risk surgical area for pediatric
outpatients,3,11,12,39 and anesthetic-related decisions can affect length of stay (LOS),
total costs, patient satisfaction, and secondary morbidity.40,41 Favorable results are
reported in many series of outpatient ENT surgery with careful preoperative screening
and intraoperative management; Gravningsbräten and colleagues42 reported an office-
based practice of ENT surgery in 1126 children with 90 minutes or less of observation
time with 1 reintubation for atelectasis (0.1% immediate complication rate).

Tonsillectomy with or without adenoidectomy confers some specific risks resulting
from a shared airway, a surgical site in the pediatric airway, and sequelae from the
necessary depth of anesthesia. Bleeding, pain control, oral intake, and oxygenation
are the primary early complications following elective pediatric tonsillectomy.43–45

Most sources support the safety of tonsillectomy as an outpatient procedure in older
children who are ASA 1 to 2 at general hospitals,19,41,44–46 but some literature reports
an increase in complications among children less than 3 years of age.47,48 Other
reports recommend application of clinical indicators to recommend safe discharge,
even in younger children.19,48,49 Same-day discharge may be more costly than admis-
sion because of increased recovery-room LOS in children less than 3 years of age.50

Children with obstructive sleep apnea (OSA) may require overnight monitoring, as is
discussed in more detail later.
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Despite the overall low morbidity associated with ambulatory tonsillectomy in chil-
dren, there are important rare and ominous risks. In a 2008 review of closed claims in
New York State, awards against anesthesiologists were higher than against surgeons
($5 million vs $839,650) and often involved airway complications.51 The presenting
indications for many children undergoing tonsillectomy may include comorbidities
that increase risk, such as OSA, obesity, central sleep apnea, or syndromes associ-
ated with facial dysmorphisms (eg, trisomy 21 syndrome, CHARGE syndrome).
Post-tonsillectomy hemorrhage (PTH) can result in death. Windfuhr and colleagues52

reported survey data on lethal and near-lethal hemorrhage and concluded that delay in
return to the operating room, repeated hemorrhage episodes, and aspiration of blood
contributed to mortality. They also concluded that admission status did not affect
morbidity. These investigators urge aggressive airway management to prevent the
secondary sequelae of aspiration and inability to intubate when faced with significant
PTH53; immediate volume resuscitation, and transfusion, if indicated, are also impor-
tant components of care.

Direct vascular injuries can occur, most often during adenoidectomy. Significant
vascular branches of the external carotid artery (tonsillectomy) or the facial and maxil-
lary arteries (adenoidectomy) may be injured during surgery and may require proximal
carotid control for repair. Other rare complications include atlantoaxial subluxation,
mandible condyle fracture, infection, and eustachian tube injury.54 Myringotomy and
tube placement can also be complicated by significant vascular events (intrapetrous
internal carotid artery puncture leading to pseudoaneurysm formation or arterial
hemorrhage requiring endovascular intervention; profuse venous hemorrhage from
injury to an anomalous jugular bulb55).

Surgical technique may affect the quality of recovery, with techniques such as
radiofrequency ablation of tonsillar tissue having less pain than standard cold tonsil-
lectomy; dissection with electrocautery seems to be associated with the highest
degree of postoperative pain. Injection of local anesthesia after tonsillectomy seems
to confer a modest reduction in pain, but systematic review suggests that equivalent
results can be obtained by topical application using swabs.56 Rare serious events are
reported related to local anesthetic injection (cervical osteomyelitis, Horner syndrome,
and airway obstruction due to vocal cord paralysis).

Anesthetic management can also affect the perioperative course. Intubation without
muscle relaxant has become more common in pediatric anesthesia because of a lack
of appropriately short nondepolarizing muscle relaxants; although adequate depth
must be ensured to avoid laryngospasm, this obviates any possible emetogenic
effects of reversal agents and the risk of residual muscle weakness.57 A propofol-
based technique offers advantages in minimizing PONV and may be associated
with less bleeding during tonsillectomy.58

Supraglottic airways are used enthusiastically in tonsillectomy by some providers but
are not widely embraced; providers in the United Kingdom report the use of an endotra-
cheal tube in 79% of cases, despite the continued trend to avoid paralytics and the
availability of reinforced supraglottic devices.59 Conversely, a recent Norse report
documented 1126 cases of office-based tonsillectomy and adenoidectomy with
a supraglottic airway; 0.6% required conversion to endotracheal tube.42 A letter in
response from Xue and colleagues40 presented a thorough argument for a reinforced
supraglottic airway with specific attention to the implications of kinking and dislodg-
ment from the intraoral surgical gag, the mechanical impediment tonsillar hyperplasia
can create, and the risk of PRAE without adequate anesthetic depth. Clearly, safe
airway management can include a spectrum of techniques, and further study is needed
to confirm whether any specific technique is superior.
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OSA

The implications of sleep-disordered breathing, OSA, or central sleep apnea are signif-
icant and can introduce predictable risk in the care of the pediatric patient. As Ler-
man61 states in a 2009 review, there are important pathophysiological, anatomic,
and pharmacological considerations and important distinctions between the child
with this disease and the adult.49 In children, this disease affects both genders equally,
is associated with all body types, and is primarily a surgically treated entity; in adults,
incidence in men exceeds women, obesity is often present, and nonsurgical interven-
tions are first-line therapy (continuous positive airway pressure [CPAP], weight loss).
Children and adults can suffer cardiovascular sequelae such as cor pulmonale and
pulmonary hypertension. Cognitive impairment, learning disorders, and behavioral
problems can complicate both populations.60 Although children with OSA are recog-
nized as being at increased risk perioperatively, the provider must consider whether
extensive preoperative testing (echocardiogram, electrocardiogram, complete blood
count, nocturnal somnography) will contribute to decision making about management
or plans for admission.61,62

A review of adenotonsillectomy for OSA in young children found a significantly higher
incidence of respiratory complications before the age of 3 years, and recommended
routine admission for those patients.63 In a survey of anesthesiologists in the United
Kingdom, only 36% of respondents considered children for same day discharge after
tonsillectomy with adenoidectomy, especially with a history of OSA.59 Sanders and
colleagues64 documented increased complications after tonsillectomy with adenoi-
dectomy in children with OSA versus those without, but found no effect on LOS.

Several articles have documented enhanced sensitivity to opioids in children with
OSA. Brown and colleagues65 calculated that sleep somnography can predict the
risk of sensitivity to parenteral morphine: if the pulse oximetry nadir was less than
85%, a subject requires roughly 50% of the postoperative dose of morphine for anal-
gesia. Hullett and colleagues66 described equivalent analgesia with less respiratory
depression using tramadol compared with morphine in nonobese children with OSA
after tonsillectomy with adenoidectomy.

Obesity

Obesity is an important confounder for ambulatory risk. An estimated 16% of the chil-
dren in the USA meet the definition of obesity. Tait and colleagues67 reported that
obese children are significantly more likely to present for surgery with complicating
comorbidities such as asthma, reflux disease, type II diabetes mellitus, and OSA.
Obesity increased the risk of complication during anesthesia including higher inci-
dence of difficult mask ventilation, airway obstruction, and PRAE. Four-hundred and
two of 1147 subjects underwent ENT surgery. The obese children had significantly
less PONV (4.8% vs 16.8%).67 Ye and colleagues68 reported an 11.2% PRAE rate
following tonsillectomy for OSA; obesity (as well as young age and higher apnea-hypo-
pnea indexes) was identified as a significant risk factor. Nafiu and colleagues62 corre-
lated obesity with increased risks for PRAE after tonsillectomy, including
intraoperative desaturation, difficult laryngoscopy, and airway obstruction in the oper-
ating room and the recovery room. A correlation between body mass index (BMI) and
LOS was documented.

Outcomes after surgery may be variable. In an article comparing tonsillectomy with
tonsillotomy, de la Chaux and colleagues69 reported complete surgical cure of OSA
(apnea-hypopnea index [AHI] 14.9 preoperative to 1.1 postoperative) with significantly
less pain and lower PTH rates after CO2 laser tonsillotomy. Shine and colleagues70

found a less dramatic effect with tonsilloadenoidectomy in morbidly obese children
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with OSA; although all subjects benefited from surgery (AHI 20.7 preoperatively to 7.3
postoperatively), only 8 of 18 children no longer needed CPAP management after
surgery. They were unable to assign variables for responders to nonresponders to
surgery.70 A 2009 meta-analysis further documented the incomplete benefit of surgery
in obese children with OSA.71 In 2004, Shatz72 investigated the effectiveness of
adenoidectomy in 24 infants with OSA symptoms and reported curative results with
no morbidity.

PONV and Pain Management in Tonsillectomy

PONV can be troublesome to patients and families, and is known to delay discharge.
General risk factors for PONV in children include age more than 3 years, duration of
surgery more than 30 minutes, strabismus surgery, and history of postoperative vomit-
ing in the child or PONV in the parents.73 PONV after tonsillectomy occurs at rates as
high as 50% to 89%, which is believed to be related to swallowed blood, pharyngeal
stimulation, and the need for opioid analgesics. Blacoe and colleagues74 reported their
experience with unplanned admissions after ambulatory surgery and found PONV to be
the most common reason for admission. General surgery cases were significantly more
likely to result in PONV than ENT cases (24% vs 15%). Edler and colleagues75 studied
LOS data after tonsillectomy with adenoidectomy in 2008 and found PONV to be the
most significant factor in delayed discharge readiness. Each PONV/retching episode
increased LOS by 30 minutes (as did a single SpO2<95%). Prophylaxis is generally rec-
ommended using 1 or more agents including dexamethasone, 5-hydroxytryptamine-3
(5-HT3) antagonists, droperidol, or promethazine.76 Dexamethasone, frequently used
by the otolaryngologist to decrease swelling and improve oral intake, is also effective
in reducing PONV.77 The usual dose is 0.5 mg/kg, although a prospective dose-
response study showed no difference within the range of 0.0625 to 1.0 mg/kg in the
outcomes of pain, vomiting, time to oral intake, or voice change.78 Dexamethasone
at 0.5 mg/kg has recently been linked to increased PTH.79

Nonsteroidal antiinflammatory drugs (NSAIDS) are used infrequently in tonsillec-
tomy in the United States because of concern for bleeding, but a Cochrane Review
concluded that their use significantly decreased PONV without significant effect on
PTH.77 A recent survey of pediatric anesthetists in the United Kingdom revealed
that 77% use NSAIDs in the perioperative care of children having tonsillectomy.59

Acetaminophen is effective when effective loading doses are used, although rectal
administration has a slow and variable onset; intravenous propacetamol (not available
in the United States at the time of writing) may offer further advantage.80 Other non-
opioid analgesics such as ketamine, tramadol, and dexmedetomidine have shown
efficacy and opioid-sparing effects in small studies. Although codeine is frequently
prescribed for post-tonsillectomy analgesia, newer understanding of the pharmaco-
genetic basis of variability of codeine activity and reports of respiratory depression
after discharge suggest that a uniformly safe and effective analgesic regimen has
yet to be identified.81

Although no data currently document the variability in practice among American
anesthesia providers, it seems prudent to recommend a tonsillectomy technique
that uses dexamethasone and 5-HT3 antagonists, minimizes opioid doses possibly
(including a revisitation of the American acceptance of NSAID use), and uses propofol
as a main component of the anesthetic. Cost analysis also supports the use of propo-
fol and multimodal PONV prophylaxis.82,83 Several groups have described low inci-
dence of complication in outpatient tonsillectomy with appropriate patient selection
and clinical protocols designed to manage postoperative pain and decrease
PONV.84,85 Unlike adult patients, there is a requirement to consider the ability of the
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parent or guardian to understand the discharge risks and instructions, proximity, and
potential causes for delay should return to hospital become indicated, and the overall
clinical assessment of the surgical team before discharge.86 Each institution should
consider these issues in formulating specific discharge criteria.

CREDENTIALING IN PEDIATRIC ANESTHESIA

Credentialing continues to be an area of controversy in pediatric anesthesia; which
patient requires a pediatric anesthesiologist? What is the definition of a pediatric anes-
thesiologist? There is general consensus that high-risk procedures should not be
undertaken on an infrequent basis, but specifics are less clear on what numbers are
required for ongoing competency and what situations require specialized care. There
is some evidence that adverse events are less common in the hands of experienced
pediatric anesthesiologists.87–89 The 1989 conclusion of the National Confidential
Enquiry into Perioperative Deaths recommended that surgeons and anesthetists in
the United Kingdom not undertake occasional pediatric practice90; in the United
Kingdom, specialists care for children younger than 5 years of age, and in Scandina-
via, the age is 2 years.

Training programs are accredited by the Accreditation Council for Graduate Medical
Education (ACGME); pediatric anesthesia was the first operating room (OR) subspe-
cialty of anesthesiology to have accreditation for fellowship training, beginning in
1997. Anesthesiologists receive board certification through the American Board of
Anesthesiology (ABA); at present, subspecialty board certification does not exist for
any OR subspecialty of anesthesiology, although it does exist for Pain Management
and Critical Care. The Society for Pediatric Anesthesia has proposed ‘‘subspecialty
certification in advanced pediatric anesthesiology’’ as part of a tiered system to
provide excellent care to high-risk pediatric patients, but, at the time of writing, this
proposal remains with the Board of Directors of the ABA.

Until formal requirements, if any, are developed for pediatric anesthesia care, insti-
tutions and anesthesiologists should consider their individual practice settings and
competencies, and guidelines from several professional organizations. The American
Academy of Pediatrics (AAP) Section on Anesthesiology has published Guidelines for
the Pediatric Perioperative Anesthesia Environment, which suggest that each facility
define the spectrum of pediatric patients and cases for which it will provide care,
and the number of cases of each required for the facility to maintain its competence.
These guidelines also suggest that the institution define which pediatric patients are
considered to be at increased risk, and that their anesthesia care should be provided
by anesthesiologists who are fellowship trained in pediatric anesthesia or have equiv-
alent experience. Similar recommendations have been made by the ASA and the
Society for Pediatric Anesthesia. Some states have also instituted or considered
requirements to have anesthesiologists caring for children (of some defined age)
meet certain minimal case numbers. The AAP guidelines also include recommenda-
tions for appropriately sized airway and monitoring equipment, child-friendly spaces
including separate preoperative area for children/families, and age-specific compe-
tencies and resuscitation skills for OR and recovery staff.

SUMMARY

Careful patient screening and selection help to minimize the risk of adverse outcomes
in pediatric ambulatory surgery, and the overall rates of serious morbidity in the United
States remain low. Errors in medication doses and effects, airway management, mal-
functioning equipment or alarms, distraction, inexperience, or other human-related
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issues contribute to many preventable events. The unique physiologic, anatomic, and
pharmacologic state of children of various ages challenges the anesthesia provider to
remain vigilant during surgery; knowledge of potential complications in common pedi-
atric ENT procedures may help avoid risk. Each institution should continuously review
admission criteria, staffing decisions, postoperative management resources, and
quality-improvement methods to moderate risk and respond to crises.
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42. Gravningsbräten R, Nicklasson B, Raeder J. Safety of laryngeal mask airway and
short-stay practice in office-based adenotonsillectomy. Acta Anaesthesiol Scand
2009;53(2):218–22.

43. Werle AH, Nicklaus PJ, Kirse DJ, et al. A retrospective study of tonsillectomy in
the under 2-year-old child: indications, perioperative management, and compli-
cations. Int J Pediatr Otorhinolaryngol 2003;67(5):453–60.

44. Leong AC, Davis JP. Morbidity after adenotonsillectomy for paediatric obstructive
sleep apnoea syndrome: waking up to a pragmatic approach. J Laryngol Otol
2007;121(9):809–17.

45. Brown KA, Morin I, Hickey C, et al. Urgent adenotonsillectomy: an analysis of risk
factors associated with postoperative respiratory morbidity. Anesthesiology 2003;
99(3):586–95.

46. Brigger MT, Brietzke SE. Outpatient tonsillectomy in children: a systematic review.
Otolaryngol Head Neck Surg 2006;135(1):1–7.

47. Ross AT, Kazahaya K, Tom LW. Revisiting outpatient tonsillectomy in young chil-
dren. Otolaryngol Head Neck Surg 2003;128(3):326–31.

48. Mitchell RB, Pereira KD, Friedman NR, et al. Outpatient adenotonsillectomy. Is it
safe in children younger than 3 years? Arch Otolaryngol Head Neck Surg 1997;
123(7):681–3.

49. Lalakea ML, Marquez-Biggs I, Messner AH. Safety of pediatric short-stay tonsil-
lectomy. Arch Otolaryngol Head Neck Surg 1999;125(7):749–52.

50. Shapiro NL, Seid AB, Pransky SM, et al. Adenotonsillectomy in the very young
patient: cost analysis of two methods of postoperative care. Int J Pediatr Otorhi-
nolaryngol 1999;48(2):109–15.

51. Morris LG, Lieberman SM, Reitzen SD, et al. Characteristics and outcomes of
malpractice claims after tonsillectomy. Otolaryngol Head Neck Surg 2008;
138(3):315–20.

52. Windfuhr JP, Schloendorff G, Baburi D, et al. Lethal outcome of post-tonsillectomy
hemorrhage. Eur Arch Otorhinolaryngol 2008;265(12):1527–34.

53. Windfuhr JP, Schloendorff G, Sesterhenn AM, et al. A devastating outcome after
adenoidectomy and tonsillectomy: ideas for improved prevention and manage-
ment. Otolaryngol Head Neck Surg 2009;140(2):191–6.

54. Randall DA, Hoffer ME. Complications of tonsillectomy and adenoidectomy. Oto-
laryngol Head Neck Surg 1998;118(1):61–8.



Challenges in Pediatric Ambulatory Anesthesia 327
55. Brodish BN, Woolley AL. Major vascular injuries in children undergoing myringot-
omy for tube placement. Am J Otolaryngol 1999;20(1):46–50.

56. Grainger J, Saravanappa N. Local anaesthetic for post-tonsillectomy pain:
a systematic review and meta-analysis. Clin Otolaryngol 2008;33(5):411–9.

57. Morton NS. Tracheal intubation without neuromuscular blocking drugs in children.
Paediatr Anaesth 2009;19(3):199–201.

58. Okuyucu S, Inanoglu K, Akkurt CO, et al. The effect of anesthetic agents on
perioperative bleeding during tonsillectomy: propofol-based versus desflur-
ane-based anesthesia. Otolaryngol Head Neck Surg 2008;138(2):158–61.

59. Allford M, Guruswamy V. A national survey of the anesthetic management of
tonsillectomy surgery in children. Paediatr Anaesth 2009;19(2):145–52.

60. Bandla P, Brooks LJ, Trimarchi T, et al. Obstructive sleep apnea syndrome in chil-
dren. Anesthesiol Clin North America 2005;23(3):535–49, viii.

61. Lerman J. A disquisition on sleep-disordered breathing in children. Paediatr
Anaesth 2009;19(Suppl 1):100–8.

62. Nafiu OO, Green GE, Walton S, et al. Obesity and risk of peri-operative compli-
cations in children presenting for adenotonsillectomy. Int J Pediatr Otorhinolar-
yngol 2009;73(1):89–95.

63. Statham MM, Elluru RG, Buncher R, et al. Adenotonsillectomy for obstructive
sleep apnea syndrome in young children: prevalence of pulmonary complica-
tions. Arch Otolaryngol Head Neck Surg 2006;132(5):476–80.

64. Sanders JC, King MA, Mitchell RB, et al. Perioperative complications of adeno-
tonsillectomy in children with obstructive sleep apnea syndrome. Anesth Analg
2006;103(5):1115–21.

65. Brown KA, Laferriere A, Lakheeram I, et al. Recurrent hypoxemia in children is
associated with increased analgesic sensitivity to opiates. Anesthesiology
2006;105(4):665–9.

66. Hullett BJ, Chambers NA, Pascoe EM, et al. Tramadol vs morphine during adeno-
tonsillectomy for obstructive sleep apnea in children. Paediatr Anaesth 2006;
16(6):648–53.

67. Tait AR, Voepel-Lewis T, Burke C, et al. Incidence and risk factors for periopera-
tive adverse respiratory events in children who are obese. Anesthesiology 2008;
108(3):375–80.

68. Ye J, Liu H, Zhang G, et al. Postoperative respiratory complications of adenoton-
sillectomy for obstructive sleep apnea syndrome in older children: prevalence,
risk factors, and impact on clinical outcome. J Otolaryngol Head Neck Surg
2009;38(1):49–58.

69. de la Chaux R, Klemens C, Patscheider M, et al. Tonsillotomy in the treatment of
obstructive sleep apnea syndrome in children: polysomnographic results. Int J
Pediatr Otorhinolaryngol 2008;72(9):1411–7.

70. Shine NP, Lannigan FJ, Coates HL, et al. Adenotonsillectomy for obstructive
sleep apnea in obese children: effects on respiratory parameters and clinical
outcome. Arch Otolaryngol Head Neck Surg 2006;132(10):1123–7.

71. Costa DJ, Mitchell R. Adenotonsillectomy for obstructive sleep apnea in
obese children: a meta-analysis. Otolaryngol Head Neck Surg 2009;140(4):
455–60.

72. Shatz A. Indications and outcomes of adenoidectomy in infancy. Ann Otol Rhinol
Laryngol 2004;113(10):835–8.

73. Eberhart LH, Geldner G, Kranke P, et al. The development and validation of a risk
score to predict the probability of postoperative vomiting in pediatric patients.
Anesth Analg 2004;99(6):1630–7.



Collins & Everett328
74. Blacoe DA, Cunning E, Bell G. Paediatric day-case surgery: an audit of
unplanned hospital admission. Anaesthesia 2008;63(6):610–5.

75. Edler AA, Mariano ER, Golianu B, et al. An analysis of factors influencing posta-
nesthesia recovery after pediatric ambulatory tonsillectomy and adenoidectomy.
Anesth Analg 2007;104(4):784–9.

76. Gan TJ, Meyer T, Apfel CC, et al. Consensus guidelines for managing postoper-
ative nausea and vomiting. Anesth Analg 2003;97(1):62–71.

77. Cardwell M, Siviter G, Smith A. Non-steroidal anti-inflammatory drugs and perio-
perative bleeding in paediatric tonsillectomy. Cochrane Database Syst Rev
2005;(2):CD003591.

78. Kim MS, Cote CJ, Cristoloveanu C, et al. There is no dose-escalation response to
dexamethasone (0.0625–1.0 mg/kg) in pediatric tonsillectomy or adenotonsillec-
tomy patients for preventing vomiting, reducing pain, shortening time to first
liquid intake, or the incidence of voice change. Anesth Analg 2007;104(5):
1052–8.

79. Czarnetzki C, Elia N, Lysakowski C, et al. Dexamethasone and risk of nausea and
vomiting and postoperative bleeding after tonsillectomy in children: a randomized
trial. JAMA 2008;300(22):2621–30.

80. Alhashemi JA, Daghistani MF. Effects of intraoperative i.v. acetaminophen vs i.m.
meperidine on post-tonsillectomy pain in children. Br J Anaesth 2006;96(6):
790–5.

81. Ciszkowski C, Madadi P, Phillips MS, et al. Codeine, ultrarapid-metabolism geno-
type, and postoperative death. N Engl J Med 2009;361(8):827–8.

82. Elliott RA, Payne K, Moore JK, et al. Which anaesthetic agents are cost-effective
in day surgery? Literature review, national survey of practice and randomised
controlled trial. Health Technol Assess 2002;6(30):1–264.

83. Elliott RA, Payne K, Moore JK, et al. Clinical and economic choices in anaesthesia
for day surgery: a prospective randomised controlled trial. Anaesthesia 2003;
58(5):412–21.

84. Ewah BN, Robb PJ, Raw M. Postoperative pain, nausea and vomiting following
paediatric day-case tonsillectomy. Anaesthesia 2006;61(2):116–22.

85. White MC, Nolan JA. An evaluation of pain and postoperative nausea and vomit-
ing following the introduction of guidelines for tonsillectomy. Paediatr Anaesth
2005;15(8):683–8.

86. Kanerva M, Tarkkila P, Pitkaranta A. Day-case tonsillectomy in children: parental
attitudes and consultation rates. Int J Pediatr Otorhinolaryngol 2003;67(7):
777–84.

87. Brennan LJ. Modern day-case anaesthesia for children. Br J Anaesth 1999;83(1):
91–103.

88. Atwell JD, Spargo PM. The provision of safe surgery for children. Arch Dis Child
1992;67(3):345–9.

89. Hackel A, Badgwell JM, Binding RR, et al. Guidelines for the pediatric perioper-
ative anesthesia environment. American Academy of Pediatrics. Section on Anes-
thesiology. Pediatrics 1999;103(2):512–5.

90. Campling EA, Devlin HB, Lunn JN. The report of the national confidential enquiry
into perioperative deaths 1989. London: Her Majesty’s Stationary Office; 1989.



Management by
Outcomes: Efficiency
and Operational
Success in the
Ambulatory Surgery
Center
Douglas G. Merrill, MD, MBAa,*, John J. Laur, MD, MSb
KEYWORDS

� Ambulatory surgery center � Quality of care
� Systems improvement � Clinical outcome
Quality of care and service in health care can benefit from the use of algorithm-driven
care (standard work) that integrates literature assessment and analysis of local
outcome and process data to eliminate unnecessary variation that causes error and
waste.1–6 Effective management of an ambulatory surgery center requires that leader-
ship emphasize constant improvement in the processes of care to achieve maximum
patient safety and satisfaction, delivered with highest efficiency. Such work is only
effective if staff and physicians understand the value of such improvement to patient
and family experiences, and if they believe there is a gap between current operations
and the ideal. Therefore, leadership needs a method to obtain, evaluate, and share
process and outcome measurements in an open, objective, and clear manner.

Measurement and explication of outcomes of operational workflow are of value in
directing process improvement efforts in a variety of industries, including health
care.7–10 The seemingly ubiquitous increase in operational improvement models (Six
Disclosure: Both authors are members of SAMBA, and DGM is a member of the Board of Direc
tors for SAMBA and the AQI.
Excel is a registered trademark of the Microsoft Corporation.
Toyota Production System (TPS) is a registered trademark of the Toyota Motor Manufacturing
Corporation.
The Six Sigma Management System is a registered trademark of Motorola Inc.
a Outpatient Surgery, Dartmouth Hitchcock Medical Center, One Medical Center Way,
Lebanon, NH 03753, USA
b Ambulatory Surgery, University of Iowa Hospitals and Clinics, 200 Hawkins Drive, 6JCP, Iowa
City, IA 52240, USA
* Corresponding author.
E mail address: douglas.g.merrill@hitchcock.org

Anesthesiology Clin 28 (2010) 329 351
doi:10.1016/j.anclin.2010.02.012 anesthesiology.theclinics.com
1932 2275/10/$ see front matter ª 2010 Elsevier Inc. All rights reserved.



Merrill & Laur330
Sigma, Toyota Production System, and so forth) reflects their emphasis on reducing
waste in workflow and eliciting best practices, efforts that focus on efficient and effec-
tive operations. Such activity should be natural for health care providers, as these
efforts are an outgrowth of the scientific method, that is, observing, constructing
a theory, and gathering data to determine the validity of that theory.11 Nonetheless,
management of sometimes widely disparate attitudes and beliefs among health
care providers is often difficult. This can be facilitated and care improved by basing
facility and individual practice changes on objective, comparative outcomes assess-
ments and applying ‘‘find and implement the best’’ strategies.12–14 As James and
colleagues12 note in their seminal work on quality improvement (p. 9): ‘‘Two principles
are involved in quality improvement: process operators use measurement tools to (1)
eliminate inappropriate variation (usually in care process steps) then (2) document
continuous improvement (usually in outcomes). ‘Find and implement the best’ redi-
rects energy from finding fault (and the natural defensive response that it provokes)
to finding solutions. It creates a much more positive atmosphere within which to
measure, criticize, and improve health care processes.’’

To garner the commitment to continuing improvement that is required to achieve the
highest quality, management must actively integrate all staff and surgeons into
creating and maintaining the means of collecting accurate data. To maintain the cred-
ibility of the data and management’s assignation of importance to it, the assessment
and presentation of that data should be routine and repetitive, objectively spotlighting
quality gaps and recognizing improvement. A direct link between the present data and
the focus of future improvement efforts is necessary to engage the staff in operational
improvements.

The attachment of financial remuneration to improved outcomes for an entire center
and for the various subunits (administration, postanesthesia care unit [PACU], preop-
erative, operating room, central supply, and so forth), as well as for individual staff and
surgeons can be an effective means of accomplishing steady and significant quality
improvement.

Process improvement may be achieved by simple measurement alone (the Haw-
thorne effect). However, as shown in this article, the authors have successfully used
the implementation of regular measurement and open discussion of patients’ clinical
outcomes and other operational metrics to focus active systems improvement
projects in ambulatory surgery centers, with excellent results.
WHAT SHOULD BE MEASURED?

Clinical, operational, and financial metrics are all critical to the success of an ambula-
tory surgery center, and therefore management should measure all 3 domains and
share the results with staff and surgeons. Clinical safety tops patient, family, and
surgeon concerns, but postoperative nausea and vomiting (PONV) is as important
as major injury to many patients, as is pain management.15,16 Also, no patient, family,
or surgeon will be satisfied if their time spent at the center was 4 hours if they were
promised it be only 2 hours, so operational process evaluation (eg, turnover, case
cart readiness, and so forth) is also important to customer satisfaction.

The center must operate in a manner that ensures financial success. Whether
surgeon-investor, hospital, or corporate ownership is the selected model, most
owners expect an ambulatory surgery facility to be a source of considerable income.
In the current economic environment, a center must be able to replace current equip-
ment and instruments but also be willing to expend capital on new technology.
Providing proof to ownership that staff and leadership are doing all they can to
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conserve and improve profit is another significant value of the quality improvement
process. The authors have found certain metrics to be most valuable in process
improvement and they are provided in Appendix 2 (Box 1 lists appropriate financial
measures, Box 2 lists operational process measures, and Box 3 contains clinical
measures).

WHO SHOULD CHOOSE THE METRICS?

We highly recommend that the choice of metrics be a function of a facility committee
of staff, anesthesia providers, surgeons, and management. This use of a group of
stakeholders is an important way to involve staff and surgeons in the process improve-
ment program. However, implementation of guidelines requires more than manage-
ment’s commitment. It requires the dedication of all team members and gaining that
interest can be a significant challenge.17 A committee charged to manage the data
process not only ensures that the program is measuring the processes and outcomes
that are important to a particular facility but also provides leadership for the rest of the
staff and surgeons to advance change initiatives that arise from these measurements.
Representatives of each of the staffed areas (PACU, operating room, administration,
business office) should be solicited to serve on the committee. It has been of value in
some instances to include lay representation (a former patient at the facility is an ideal
participant) in this process.

HOW SHOULD THE MEASUREMENT BE DONE?

Ideally, all data would be obtained via electronic records, through an automated
download of individual data points, thereby distancing practitioners from the measure-
ment and providing objectivity. Of course, any data that is actively keyed in by
personnel is subject to bias and error. For instance, a radiofrequency identification
(RFID) system that automatically logs a patient into a room by reading a chip
embedded in the wristband will generate more objective turnover data than will derive
from an electronic health record (EHR) that requires a nurse to physically enter the time
of arrival. However, the EHR produces fewer errors than a system wherein the staff
writes the time on paper and later a clerk keys that information into a database.

Nonetheless, because electronic health records still do not represent most ambula-
tory surgery record keeping systems, use of a paper entry that is later translated into
a simple database will suffice. The authors have successfully used a single sheet of
paper (patient diary; see Appendix 2) as a data collection tool that is attached to the
patient’s chart and follows the patient throughout the day. Each segment of the diary
is used by the appropriate team member to record only the few events that are owned
by that area (ie, the preoperative admission clerk, the preoperative nurse, the anes-
thesia team, the operating room nurse, the PACU nurse, and the call-back clerk).
No single staff member has more than a few entries to record, an important point
because the diary represents extra work, as most of the data are also required to
be entered into the medical record (the diary is a quality improvement document
and should not stay with the patient’s record once discharge occurs).

HOW DO YOU SHARE THE DATA?

Once collected, data on the processes and outcomes of care are only useful when
synthesized into clear reports and shared with all staff and practitioners. A significant
value of this data distribution is the sense of local control that it engenders among the
staff and surgeons of a small unit (or subunit, such as the eye service team). Staff
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members can assess trends in their own area and quickly see what solutions (or
people) are working and workable, rather than waiting for leadership to declare an
identified best way. To facilitate discussion, we have posted data to help staff and
physicians evaluate their own and the whole unit’s performance over time. Only if
they see the need for a redesign, via repeated examination of outcomes, will they
support (sometimes radical) redesign. This approach to improved practice has proven
to be of value in health care when applied over a prolonged period and in conjunction
with local champions.18

If you operate within a large organization, you will also have to convince middle
management and senior leadership that your group has assessed the data and
correctly determined appropriate responses. If your staff are accustomed to viewing
all the data regularly, with nothing held back, it will be easier for them to help you rede-
sign your systems and to convince your internal and external managers that you are
moving in the right direction. As Kotter19 notes, leadership must ‘‘align information
and personnel systems to the vision’’ to achieve effective and long-term change.
This approach of full disclosure and emphasis on self-directed improvement has
convinced leadership and external accrediting bodies that our dedication to quality
improvement is sincere and effective.

Typically, we have posted monthly and cumulative data (all data associated with
each physician and staff, by name and as amalgamated information; eg, by service
line) in the staff lounge or the PACU medication room. The chosen areas should be
secure from the public, but open to all employees. In addition, each employee and
practitioner can receive his or her own data via personal e-mail, and comparisons
with the averages for his or her risk group on a monthly or quarterly basis. We also
distribute this information to senior management or owners with the notation that
our unit’s teams also reviewed it and that these data will serve to focus our quality
improvement efforts. We set aside time at each weekly all-staff meeting to discuss
some aspect of our clinical, operational, or financial performance.
ARE THERE VALID BENCHMARKS WITH WHICH TO COMPARE AN INDIVIDUAL CENTER
AND IS THAT COMPARISON OF ANY VALUE?

National benchmarks for performance in ambulatory surgery centers are not readily
available, reliable, or risk-adjusted. Various private ambulatory surgery center compa-
nies have their own data collections and frequently a corporate quality assurance
nurse reports to the individual facilities about their performance comparisons within
the company. However, these data collection systems are hampered by variations
in employee self-reporting, the terminology and dictionary differences between facil-
ities (eg, what do you mean by ‘‘severe’’ nausea?), and are not usually driven by local
leadership, making them less effective as a means to focus improvement strategies.
Thus, their applicability to individual centers is also inconsistent and the unit and
subunit employees may discount the value of such data, particularly if there is no
direct effect on bonuses or increases. Of course, should a financial impact exist, there
is the risk that self-reporting will be prejudiced, although such risk exists for any
system where the provider data are shared with peers.

Outside corporate and hospital systems, national data registries are gaining in
importance. The members of the Ambulatory Surgery Center Association (ASC,
http://www.ascassociation.org/medicarequalityreporting/) can participate voluntarily
in a reporting and data collection process run by that organization. However, no on-
site auditing occurs and there is no way to ensure that the data submitted are accurate
or comparable. This is also true for the University Hospitals Consortium (UHC)
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database, another members-only registry that attempts to risk adjust by facility size
and practice type, but which also has no auditing function. The Society for Ambulatory
Anesthesia (SAMBA) and the Anesthesia Quality Institute (AQI) are creating registries
that, if successful, would be of value to individual practitioners, ASCs, hospitals, and
office practices as a means of benchmarking. However, like the other registries, these
may not provide much assurance of accuracy if some method of auditing is not adop-
ted as part of their system.

With the advancement of health care reform legislation that (currently) recommends
or requires the use of data registries by health care providers, the quality of and partic-
ipation in national registries may improve, providing a better set of national bench-
marks. At this point, however, the best benchmarks available to ambulatory
practices are historical comparisons within their own units, which would ideally
show steady progressive improvement.
MAKING USE OF THE DATA: CREATING A STANDARD PRACTICE
How Do You Know the Standard Practice that You Design is a Best Practice?

Business school libraries are replete with books and entire institutions exist to
describe and foster creation of the best approaches to health care.20 Consequently,
this article concentrates on practical methods of value to outpatient surgery and anes-
thesia providers that can be implemented with relative ease in any size facility (office,
freestanding ambulatory surgery center, or hospital outpatient department). System-
wide approbation and implementation of best practices are a means by which institu-
tions can avoid allowing caregivers to provide care to patients based on anecdotal,
unproven opinions or beliefs that may induce quality defects and error. Error reduction
and safety are the sine qua non of quality. Unnecessary variation in care based on
anecdotal experience is often the cause for error and unnecessary expense.21

A common pathway for generating a best practice is through systematic review of
published health care processes. The actual process of such review is time-
consuming and difficult for an individual to complete and often requires a team of
people to carry out.

The task of identification and dissemination of best practice is daunting as evidence
is usually open to interpretation and anecdotal belief systems that are jeopardized by
such evidence are strong barriers. It has been demonstrated that a 17-year time span
is necessary to allow new best practice information derived from clinical trials and
basic science research to be disseminated and absorbed into clinical practice.
Even then, such new practice is adopted by inhomogeneous groups of practitioners
and often not widely implemented.22 When data are eventually synthesized into new
practice guidelines, it may not be the best health care for all groups of patients. Woolf
and colleagues23 describe the difficulty in discerning the difference between good
medical care and published practice guidelines. Therefore, it is critical to review local
outcomes and synthesize the national experience with that of local practitioners
(accurately measured) when creating evidence-based guidelines for a local practice.
The use of both sources diminishes the negative impact of the bias of each.24

Nonetheless, if a new facility does not have sufficient outcome data, a standard
practice committee has a good starting point for creation of clinical care algorithms
using various professional societies’ guidelines and a review of the literature. The
Cochrane Collaboration, the US Agency for Healthcare Research and Quality
(AHRQ), the UK National Institute for Health and Clinical Excellence (NICE), and the
multinational-minded World Health Organization (WHO), as well as several profes-
sional societies that publish guidelines of care (eg, the American Society of
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Fig. 2. Algorithm for intraoperative best practice regarding multimodal analgesia. Please
note that ‘‘Ref’’ in these figures refer to reference lists developed by the UIHC Standard
Work Committee and are not reproduced in this paper.
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and surgeons. Thus, if a provider willfully fails to manage patient care in accordance
with the facility’s recommended practice and the patients, families, or surgeons’ goals
are therefore not met, then there is no reason for the practitioner to work in the facility.

Even as the group chooses new clinical issues for pathway creation, the completed
algorithms are put on a timetable for review (at least annually) to ensure that local prac-
tice data and recent literature or society guidelines remain congruent.

It should be noted that evidence-based medicine does not dictate that a set of prac-
titioners accept the tenets of society guidelines or randomized controlled studies. The
committee must review each entire algorithm with the appropriate process or outcome
metrics assayed to see if in fact a ‘‘best practice’’ is actually ‘‘best’’ at that particular
facility. Further iterations are amended in a continuous effort to improve the outcomes
important to the organization. Evidence-based medicine is always best determined
locally.25

How Do You Make Sure You Choose the Right Pieces of Your Practice About
Which to Create a Best Practice?

The types of health care processes and outcomes that should be monitored initially
are those that can be changed with the least amount of effort and yet have the widest
potential positive effect on the most patients or practitioners (or net margin), that is, the
proverbial ‘‘low hanging fruit’’. Domains to consider are clinical safety, care quality as
discovered by frequently occurring patient-distress outcomes (eg, PONV, pain), effi-
ciency, productivity, cost, and satisfaction of patients, providers, and staff. Items
considered important by accreditation bodies such as the Joint Commission (JC),
Accreditation Association for Ambulatory Health Care (AAAHC), American Association
for Accreditation of Ambulatory Surgery Facilities (AAAASF) that monitor quality
outcomes at many segments throughout the health care system are reasonable sour-
ces, with the Physician Quality Reporting Initiative (PQRI) metrics for a surgical
specialty being of greatest value to the practitioners at the ASC. Common periopera-
tive outcomes are: major morbidity and mortality (although rare in the ambulatory
setting), emergency department visits, 7-day and 30-day postoperative hospital
admissions, PACU and postdischarge pain scores, patient fast-track times, postoper-
ative/postdischarge nausea and vomiting, patient’s care rating (eg, using a Likert
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Fig. 3. Algorithm for best practice regarding PONV reduction. Please note that "Ref" in
these figures refer to reference lists developed by the UIHC Standard Work Committee
and are not reproduced in this paper.
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scale).26–28 Please refer to Boxes 2 and 3 for outcome and process metrics the authors
have chosen.

Frequently, constraints of personnel availability prevent an in-depth de novo anal-
ysis of the literature by a committee of the facility’s staff and faculty, and wherein
the facility has not yet measured its own outcomes. In this setting, a reasonable initial
step is to adopt existing guidelines generated by national professional societies and to
measure process or outcome indicators that are germane to those guidelines.
Specialty and subspecialty organizations and societies exist that create standards
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of practice, algorithms, consensus statements and guidelines with a narrower focus
that may better suit the needs of the institution.29–31

When Do You Abandon a Metric?

As new knowledge is created and disseminated, evidence in the literature or in local
practice outcomes dictate that best practices also change. Sometimes this happens
soon after an algorithm or guideline is implemented.32 One way to determine when to
revise or expunge a given algorithm is to monitor the results of its use. As noted earlier,
if local practitioners do not follow the algorithm but have equal or better outcomes, that
may be the best indicator that an algorithm needs reevaluation. If data on all provider
outcomes remain static, that is, if use of a standard practice does not lead to ongoing
and continuous improvement, then that may indicate that the committee should seek
new evidence and revise the algorithm. A periodic sunsetting of all algorithms is appro-
priate, with a mandated annual review and updating of the evidence and local outcome
data to drive any necessary revision or elimination. A good exercise for the committee or
medical director is to review each algorithm in light of these 4 questions:

1. Are the end points we were attempting to change now better or worse?
2. Are trends slowing their rate of improvement and becoming asymptotically flat?
3. Have we achieved benchmarks better than those of our peer institutions (if

available)?
4. Is a particular outcome no longer important to patients or surgeons (eg, Centers for

Medicare and Medicaid Services plans to sunset PQRI measures when widespread
conformity has been achieved)?

The answers to these 4 questions should indicate the current position for any given
algorithm’s life cycle.
IS THERE PROOF THAT SUCH PROCESS IMPROVEMENT MAKES A DIFFERENCE
TO PATIENTS?

Creating standard practice by using systems analysis principles has value to patients
in that it reduces error and thereby increases safety.9 By supporting efforts to improve
clinical outcomes (eg, decreased perioperative pain and PONV), such programs are of
clear benefit to the patient. This process is of use to organizations because it also
reduces expense.33 Standardization decreases waste and allows for use of econo-
mies of scale in purchasing, rather than the smaller boutique purchases necessitated
by practitioners who create variation in equipment and supply use in the absence of
a single identified best practice. This lesser cost should generate a better profit margin
and reinvestment in the facility by management. Upgrading salaries, equipment, and
physical plant should all have a salutatory effect on the patient and family experience
in the perioperative period.
HOW DO YOU REWARD IMPROVEMENT AND DETER NONCOMPLIANCE?

Most members of an ambulatory surgery facility are motivated by internally driven
interests in providing excellent patient care in an expedient manner. Consequently,
most facility staff find sufficient reward in evidence of optimal unit performance (it
has been our experience that the simple act of sharing this information is a significant
impetus for high morale). Not surprisingly, when we have also been able to use these
metrics to justify enhancements of staff and practitioner income (eg, salary increases,
quarterly or year-end bonuses, or returns on stock) or time off (eg, if efficient, allowing
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staff to go home when the cases are done, yet still receive a full day’s pay), then the
daily emphasis on cost-cutting, efficiency improvement, and patient-centered service
has been well supported.

Although we have used outcome and process metrics to justify such rewards, we
have never seen value in using evidence of under-performance to drive punishment.
To garner staff and surgeon support for measurement and for change, it is essential
that no one anticipates that these efforts will lead to salary cuts or lay-offs, as long
as the employee or physician is making a good-faith effort to follow policy and algo-
rithms. As an example, senior management at the Virginia Mason Clinic (VM) deter-
mined that the Toyota Production System (TPS or Lean) was the ideal quality
improvement and management system for the institution and adopted it in the early
years of this past decade. Part of the new approach was the use of kaizen, a process
improvement method in which teams of employees rapidly investigate ways to
streamline care processes and eliminate waste. When a kaizen event was successful
there would frequently be fewer employees needed for the newly created care
process. Early in the adoption of TPS, VM senior leadership publicly announced
that no employees would ever be laid off or fired as the result of such improved effi-
ciency, but rather they were always guaranteed another position at the same pay
within the organization. As a result, employees did not fear these events and came
to embrace them for the best reasons: they saw that these sometimes drastic changes
in process benefitted patients and the organization, and therefore they usually sup-
ported them.34 It is absolutely critical not to use measurement and change to punish
employees, but rather they should be counseled to model their own behavior on those
employees or teams who are creating best practices, and to compete to be the one
employee or team that is the example of best practice the next quarter.
REAL-WORLD RESULTS

For the past several years, the authors have served as leaders at 2 academic health
care ambulatory surgery centers and have used the patient diary, its outcomes and
process assessments, and the model of local team empowerment to drive consistent
improvement in care through the identification of best practice and creation of stan-
dard algorithms and processes of care. Implementation of the measurements, posting
of the findings, and use of the findings to direct education of staff and patients has led
to overall improvement in patient care, primarily driven by care team self-assessment
rather than lectures or mandates.

The University of Iowa Hospitals and Clinics (UIHC) opened a new ASC on the
main campus in March 2007. We implemented the use of a diary to evaluate the
processes of patient care and outcomes (see Appendix 1). In the first 6 months,
the form was continually refined by nursing and medical leadership, but the
general format was operational soon after opening day. A single sheet of paper
was printed on both sides with questions covering each stage of a patient’s expe-
rience. Clerical admission, preoperative nursing preparation, anesthesia preopera-
tive preparation, intraoperative anesthetic management, stage I recovery, stage II
recovery, and postdischarge periods were each represented. All stages had
a data field for the name of each practitioner participating in the patient’s care,
start and stop times of each stage, and various patient responses to medical
care. The diary was affixed to the patient’s chart at the time of admission and
then detached on discharge and conveyed to the room where clerks and regis-
tered nurses made postoperative calls to the patient the day(s) after discharge.
The diary was finalized at the time of that call and then given to a clerk to



Fig. 4. Total cases done, by fiscal quarter.
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transcribe into an Excel spreadsheet. Analysis of data was performed on a quar-
terly basis and posted in the employee lounge. Data were separated for posting in
the following manner: by quarter and year to date, separated by attending
surgeon, by attending anesthesiologist, and certified registered nurse anesthetist.
At a previous ASC (VM) individual nursing staff members’ data were posted.

Senior management of the ASC (medical director, administrator, nursing director)
periodically monitored the data. When potential areas for improvement were identi-
fied, the medical director met with any affected or involved staff (eg, operating room
or pre- or postoperative nursing staff, operating room and central sterilization/supply
technical personnel, housekeepers, surgeons, anesthesia providers) to create action
plans for improvement. In addition, weekly staff meetings provided opportunities for
staff-led discussion of the data and opportunities for improvement.

The diary, its data and reports were overseen by an information technology specialist
and were maintained on a secure server with a backup of accumulated data performed
Fig. 5. Average turnover time all cases and for surgeon following self, by month ( 5 average
of turnover time for surgeons following themselves; 5 average of all turnover times).



Fig. 6. PONV observed in PACU, by quarter ( 5 nausea; 5 vomiting).
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each evening. Senior management reviewed reports and altered diary questions and
reports if new questions arose about care. At the end of the fifth fiscal quarter of the
ASC’s function, surgeon-specific process and outcome data gathered during the first
yearwereused toestablish theamountof incentivepaymentsmade to individual surgeons.

Reports were also shared with the ASC Medical Executive Board, chief financial
officer, chief operating officer, and chief executive officer, as well as the chief medical
officer and vice-president for medical affairs of the University at regular meetings with
each. At lowa, these reports were used in combination with financial data to direct
strategic decisions, including the decision to open a seventh and an eighth room,
15 months after the original 6 rooms were put into operation.

Data trends from the first several quarters of operation are portrayed in Figs. 4–9.
Fig. 4 simply displays the quarterly volume of cases done at the facility. Although
Fig. 5 notes a general decrease in turnover time, the most valuable posting (not shown
here) was turnover time by service line, which allowed each team to gauge their
improvement against themselves and by which more marked change was delineated
for some groups. Turnover time showed steady improvement until the first fiscal
quarter of 2008, the period of the opening of rooms 7 and 8. At that point, several
new services were brought on line and new staff and faculty were added, leading to
some initial fall back in several measures of efficiency.
Fig. 7. PONV stated on call back, by quarter ( 5 nausea; 5 vomiting).



Fig. 8. Overall patient satisfaction ( 5 rating good AND excellent; 5 only those who
ranked excellent), by quarter.
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Indices of PONV generally decreased with time (see Figs. 6 and 7). We attributed
this improvement to a general decrease in the use of opioids outside of the PACU
and improved use of prophylactic measures and multimodal analgesia before reach-
ing the PACU, as a result of compliance with the algorithms created by the Standard
Practice Committee (see Figs. 2 and 3).

Patient satisfaction, measured by 2 postdischarge questions (How would you rate
your experience at the ASC? (poor, fair, good, or excellent), Would you refer a friend
or loved one to the ASC if they needed a similar procedure?) was at all times high and
no trends were noted (see Fig. 8). As noted, opioid use by anesthesia providers
decreased, yet first pain scores in PACU stayed flat and low (see Fig. 9). These seem-
ingly opposed trends (opioid use down, pain low) reflected a concentrated effort to
increase the use of multimodal, nonopioid analgesia strategies (eg, regional anes-
thesia, low-dose ketamine, dexamethasone, nonsteroidal antiinflammatory drugs,
and local anesthetic infiltration) in the pre-PACU period.
Fig. 9. Average of first pain rating on arrival in PACU (first stage only), by quarter.



Merrill & Laur342
Process indices also showed improvement: quality of patient preparation improved,
as measured by a diminishing incidence of passport defects (lack of consent, history
and physical examination, escort, and so forth); time in preoperative preparation and
postoperative time (stage I and stage II) also decreased, evidence that operational
delays were increasingly avoided pre- and postoperatively.

Thus, the use of the patient diary was associated with improvements in quality of
care processes and outcomes. As with the effort regarding multimodal analgesia
use, some of the improvements were associated with vigorous, active improvement
efforts in addition to the measurement (eg, regarding PONV improvement, a decrease
in opioid use, and an increase in use of prophylaxis were each the subjects of aggres-
sive education for nursing and anesthesia providers). In other cases (eg, turnover), the
primary leadership approach was to post data and allow the teams to discuss and
implement strategies for improvement, without a top down strategy. It could be
argued that measurement alone induced some change and that passage of time,
with the probable associated increasing experience of the staff also led to improve-
ments in throughput and outcomes.

One notable active change we implemented was the use of a tabletop photo of
a standard layout of anesthesia medications and materials, an idea first used by Dr
Robert Caplan at VM to drive decreases in medication error and improve accuracy
of hand-offs in the operating room. A photo (Fig. 10) was taken of a standard layout
of medication and instruments, blown up to full size and then laminated on the
top of the anesthesia carts. Each practitioner was instructed to lay out the tray as
shown. The practitioners were allowed to add medications if this standard setup did
not cover their typical induction process, but this photograph represents the minimum
of what was to be prepared before any patient’s induction. The value of this approach
is that another practitioner providing either a routine break or help in an emergency
situation would be immediately certain if one of the medications had already been
given. Also, use of certain medication is subtly supported (eg, dexamethasone and
ketamine), whereas others tend to decrease (eg, opioids) because they are not in
the template. Although underreported and too infrequent in incidence to be certain,
syringe swaps could also be prevented by this strategy. Certainly, hand-offs were
enhanced, as it is evident at a glance which medications have and have not been
Fig. 10. Table top photo (see text).
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given. Potentially, case set-up is made more accurate and speeded up by this prac-
tice, but this has not been measured.
SUMMARY

Compared with the day-to-day operations of an inpatient surgical venue, ambulatory
surgery facilities are more predictable in the nature of their surgical procedures,
processes, patients’ health, and work hours. This is certain for those facilities that
are of a single discipline (eg, cataract centers, endoscopy centers), but even those
that are multidisciplinary in nature are characterized by a smaller range of case types,
a smaller number of surgeons and staff, and a higher degree of uniformity in the health
of its patients and their goals (ie, to go home today, in safety and comfort).

In view of this homogeneity of practice, the ambulatory surgery arena should be an
ideal location for the creation of standard approaches (ie, protocols) to patient care
delivery, and management of resources and other operational processes. The use
of process and outcome metrics in this setting to support ongoing quality improve-
ment and to improve safety by decreasing variability in practice should be most effec-
tive. Staff, surgeons, and anesthesia providers should scrutinize their daily practices to
become aware of opportunities to streamline patient care techniques. If 95% of our
patients are the same (healthy and motivated to go home) each day, and 95% of
our surgical procedures are the same each day, then at least 95% of the processes
used to accomplish patients’ goals should be the same, no matter who the provider
is. Evaluation of each practitioner’s practice outcomes to focus systems improvement
efforts is most effective in industry where the processes are most uniform. Nowhere in
health care should this be more applicable than in the ambulatory surgery center
setting. The authors have seen significant success in the application of outcome
data-focused process improvement in this setting and recommend it to all caregivers
and managers in outpatient surgical facilities.
ACKNOWLEDGMENTS

The authors wish to thank the certified registered nurse anesthetists, nurses, staff,
and faculty of the UIHC ASC and the Virginia Mason ASC at Federal Way, whose will-
ingness to make use of the diary and process improvements have been salutatory.
The superb quality of patient care, outcomes and very high patient satisfaction at those
institutions are because of their dedication to excellence in patient care. These
successes are also attributable to the creative programming work of Kristine Ogden,
Sarah King, and Swarup Bhattacharya. Quality improvement can only succeed if there
is avid administrative support, and we always received just that from Drs Stephen Rupp
and Robert Caplan at Virginia Mason, and Eric Bloom and Dr Eric Dickson (Iowa).
APPENDIX 1: USEFUL METRICS FOR A PROCESS IMPROVEMENT PROGRAM

Note that these lists are a menu, and not many programs will be able to follow all the
metrics all the time and still sustain focused improvement. Also, many of these are
amenable to examination by single service (eg, orthopedics or sports medicine, pedi-
atric ear, nose, and throat, and so forth) with sometimes significant differences in the
degree of quality gaps noted. One service may need to focus on a given area, whereas
another does not. The more specific the metrics and assessments to a given service
line, the more significant will be the potential improvements.



Box 1

Financial measures useful to monitor for quality improvement

Days in accounts receivable

Net profit (gross income less expenditure) by week, by month, by quarter

Cost (total operating expense) per case

Full time equivalent (FTE) per case

Cost per FTE (total operating expense per month/total no. of FTEs per month)

Cases per month (actual vs budgeted)

Gross charges (day, week, month, quarter, year to date)

Collection rate (budgeted vs actual)

Total operating expenses

Personnel (labor) expense by department (eg, preoperative, PACU, operating room,
administration, central supply and processing, housekeeping)

Nonpersonnel expense

Patient supplies (eg, implant costs, instruments, other)

Other nonpersonnel supplies (eg, linen, outsourced housekeeping, and so forth)

Projected versus budgeted versus actual net income (monthly projected includes anticipated
income based on that month’s charges diminished by the historic collection rate adjustment
and then compared with actual income at some future point for actual)

Box 2

Operational measures useful to monitor for quality improvement

Operational measures useful to monitor for quality improvement

Cases per room

Cases per day (average)

Turnover time, average, same surgeon following self

Turnover time, average, all cases

Minutes patient in room (MPIR) per room per day

Minutes of operation (MOO) (skin to skin) per room per day

MOO/MPIR

Minutes from skin closure to room exit

Minutes from room entry to skin incision

Usea by service or surgeon

Passport defect rateb

Case time estimation accuracy: estimates that are either too long or too short (>15% of the
actual case time either way is our definition) are deleterious to efficient use of the operating
room.

Delayed entry into the operating room, rate: in preoperative room, not associated with
passport

Delay rate: room entry to incision

Delay rate: after incision, before closure
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Delay rate: after closure to room exit

Delay rate: after ready for discharge

% of patients who would recommend the facility to a friend or family member who needed
the same procedure

% of patients who would return to this facility if the surgeon suggested it

% of patients who assessed their care and experience as ‘‘excellent’’

% of a surgeon’s cases capturedc

a Entire books could be written about the theory of the best way in which to measure utiliza
tion. An example of one aspect of the controversy is whether or not to include turnover time in
the numerator. Should a surgeon’s utilization consist of a numerator of first patient in the room
to last patient out and a denominator of all the minutes allocated to the surgeon for that day,
or should the numerator count only the time of patient in the room, not including turnover?).
If turnover time is included in the numerator, then the surgeon or service is credited with
a larger amount of utilization, which might really have reflected poor use of time or a surgeon’s
decision to go to lunch between cases. On the other hand, if the turnover is not included in the
utilization numerator, then slow turnovers that are out of the surgeon’s control (eg, poor case
cart management or an uninspired anesthesia team) are nonetheless counted as a portion of
his or her own utilization, when indeed that time should be counted against the facility’s
team. In this particular case, we have elected to count utilization both ways and present
both numbers to surgeons and staff. Any large difference would have implication for turnover
efficiency, but in reality we have rarely seen more than a 2% difference between the 2
measures (meaning that longer cases require longer turnover, in general).
b The passport or passport to surgery is a term used by many institutions to describe the set of
documents and functions that must be accomplished before the patient’s entry into the oper
ating room. At this time, our facility requires that a patient have a ride arranged, have an escort
on site while in the facility, have a caregiver set to be on site at home for 24 hours after surgery,
that a surgical history and physical were performed by the surgeon within the previous 30 days,
an anesthetic update of the history and physical done the morning of surgery, preoperative
antibiotic orders and postoperative pain medication and (if appropriate) antibiotic prescrip
tions ready, the surgical site marked, all implants or instrumentation appropriately ordered
(eg, C arm, cadaver tissue grafts, and so forth) and ready 24 hours in advance, and that an anes
thesia consent and a surgical consent are completed. Failure to have any of these conditions
met, such that there is a delay of entry into the operating room is termed a passport defect
and a great deal of our process improvement efforts are aimed at the surgeon office preoper
ative process in an effort to decrease this defect rate.
c If the outpatient facility is a part of a hospital system, it is possible to measure how many of
a surgeon’s cases were scheduled in the outpatient facility vs the inpatient operating room.
Maximization of that percentage is consonant with ideal use of hospital and ambulatory
surgery center resources.
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Box 3

Clinical measures useful to monitor for quality improvement

These measures should be attributed on reports to each individual who touched the patient
(eg, operating room technicians are partially responsible for turnover but also for first pain and
PONV, because we ask them to be the advocates for local anesthetic use intraoperatively)

PONV: in PACU and at call back (PDNV)

Pain: first rating in PACU and highest after discharge, rated at call back

Visit to emergency department or physician in first 24 hours

Visit to emergency department or physician, unscheduled, in first 30 days

Infection at surgical site within 30 days

Near miss:

Anesthesia

Operative

Other

Intraoperative medical event

Intraoperative anesthesia induction failure requiring rescue

Anesthesia plan alteration (intraoperative conversion from regional or Monitored Anesthesia
Care general)

Failed intubation

Reintubation in operating room or PACU

Conversion of laparoscopic procedure to open procedure

Perforated viscous

Cardiac arrest

Respiratory arrest

Use of nebulizer treatment in PACU, unplanned

Admission/transfer to hospital or emergency department postoperatively

Hypoxemia in PACU

Transfer to PACU with endotracheal tube or laryngeal mask airway in situ

Use of ventilator in PACU

Laryngospasm

Failure to monitor before induction (blood pressure, electrocardiograph, oximeter)

Evidence of prolonged neurologic dysfunction after surgery or nerve block

Postoperative cognitive alteration or dysfunction

Transfusion

Use of cardioversion, external pacing, or amiodarone

Evidence of embolism

Evidence of transient ischemic attack or cerebrovascular accident on site or within 30 days

Comorbidities for risk adjustment groups (8 suggested) a:

Obstructive sleep apnea, known difficult airway

Chronic heart failure, previous myocardial infarction, hypertension

Reactive airway disease, chronic obstructive pulmonary disease
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Insulin dependent diabetes mellitus, noninsulin dependent diabetes mellitus, chronic renal
failure

Congenital abnormality

Developmental delay, cognitive dysfunction

Body mass index (calculated as weight in kilograms divided by the square of height in
meters) >35 kg/m2, >40 kg/m2, >45 kg/m2

Hypoxic PONV or motion sickness

a Risk adjustment systems can use presence of comorbidities to apportion risk of postoperative
morbidity, but can also simply sort by surgical procedure types or surgeons. The latter approach
assumes a proclivity for certain types of surgery by each surgeon. For example, consider 2
ophthalmologists: surgeon A performs pediatric eye muscle surgery whereas surgeon B
performs only cataract procedures. It is true that the risk of PONV should be quite different
between the 2 surgeons’ patient cohorts. Therefore, an anesthesia provider who has done
a large number of cases with surgeon A and few with surgeon B would be expected to have
a significantly higher PONV rate than one who works exclusively with surgeon A. Each anes
thesia provider should rightfully be compared only with other anesthesia providers with
a similar profile. This system is quite easy to construct and one need only track which physicians
work with each other in and what volumes in order to risk stratify anesthesia providers appro
priately
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Ambulatory, office-based anesthesia (OBA) has experienced an exponential growth in
the last decade. In the United States between 1995 and 2005, there has been a 100%
increase in the number of elective procedures performed in offices, to approximately
10 million procedures per year. It is estimated that between 17% and 24% of all elec-
tive ambulatory procedures are currently being performed in an office-based setting.1

With the evolution of newer surgical and anesthetic techniques, ever more invasive
procedures will be done outside of hospitals. This tremendous growth is primarily
motivated by the perceived economic advantages as well as the personal attention,
care, service, aftercare, ease of scheduling, greater privacy, increased efficiency,
decreased nosocomial infection, and consistency in nursing personnel associated
with OBA.2

Despite its appeal, OBA is not for every provider, nor is it appropriate for every
patient or procedure. Special considerations must be made when comparing OBA
to a hospital setting, particularly with respect to facility and environment, administra-
tion, and accreditation. In an OBA setting, an anesthesiologist must often provide care
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without significant backup resources and support, and needs to ensure personally
that established policies and procedures regarding issues such as fire, safety, drugs,
emergencies, staffing, training, and unanticipated patient transfer are in place. While
office surgery standards vary depending on specific regulatory statutes, it must be
continuously emphasized that the standard of anesthesia care in an office is no
different than that of a hospital.
PATIENT SAFETY

Triggered by media coverage of tragic mishaps that allegedly occurred due to a lack of
the resources usually available in hospitals, the growth of OBA has led to considerable
concerns about its safety. Statistics on the morbidity and mortality of OBA are difficult
to analyze and compare, because most literature is based on retrospective studies
with limited sample sizes. There are no uniform criteria for morbidity and mortality
(some studies use 24-hour mortality vs 7-day or 30-day mortality, or exclude cases
that are judged to be unrelated to the procedure). The authors have selected 2 of
the most prominent publications from the medical literature for a brief review.

One of the most frequently cited studies of adverse events in OBA was published by
Vila and colleagues in 2003.3 Comparing OBA and ambulatory surgical centers (ASCs)
in Florida between 2000 and 2002, Vila and colleagues found an increased risk of both
adverse events (66 per 100,000 procedures in offices vs 5.3 in ASCs) and death (9.2
deaths per 100,000 procedures in offices vs 0.78 in ASCs) and estimated that the rela-
tive risk for injuries and deaths for OBA versus ASC was 12.4 and 11.9, respectively.
The data were subsequently reexamined by Venkat and colleagues in 2004,4 who
pointed out the limitations of Vila’s data analysis: an overestimation of the OBA
adverse event and death rates by using all events (from registered and unregistered
offices) as the numerator while using only procedures estimated from registered
offices as the denominator. Venkat and colleagues reassessed events and death rates
using improved estimates of the numbers of cases performed in these settings. Using
Venkat’s calculations, the adverse event and death rates were not higher in physi-
cians’ offices compared with ASCs.

Fleisher and colleagues5 reported rates of adverse events after 16 commonly per-
formed outpatient surgeries in elderly Medicare patients for outpatient hospitals,
ASCs, and offices between 1994 and 1999. When comparing outcomes of OBA to
ASCs and hospitals there was no statistical difference in 7-day mortality rates
(expressed per 100,000 procedures: 35 for OBA, 25 for ASC, and 50 for hospitals).
The rate of emergency room visits of 0 to 7 days was greatest for hospital ambulatory
surgery (expressed per day per 100,000 procedures: 109.9 for OBA, 103.6 for ASCs,
and 259.1 for hospitals), while the 0- to 7-day inpatient admissions (expressed per
day/per 100,000 procedures) were greater for both offices and hospitals compared
with ASCs: 226.5 for OBA, 91.3 for ASCs, and 432.7 for hospitals. In multivariate
models, more advanced age, prior inpatient hospital admission within 6 months,
surgical performance at a physician’s office or outpatient hospital, and invasiveness
of surgery identified those patients who were at increased risk of inpatient hospital
admission or death within 7 days of surgery at an outpatient facility. These data would
support the contention that physicians appropriately perform surgery in patients at the
highest risk in the location with the greatest available resources, and that risk was not
greater for OBA. However, the investigators correctly recognized that the study only
included patients older than 65 years having procedures covered by Medicare, and
that only a small fraction of all procedures was performed in physicians’ offices
(28,199 of 564,267, or 5%). Furthermore, a bias with respect to selecting patients
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for a certain setting (office vs ASC vs outpatient hospital) or the type of anesthesia
could not be excluded.
SOURCES OF INFORMATION FOR THE NOVICE ANESTHESIA PROVIDER

The American Society of Anesthesiology (ASA) has had a long-standing interest in
guiding the safety of OBA and, under the auspices of the ASA Committee on Ambu-
latory Surgical Care and in conjunction with the Society for Ambulatory Anesthesia
(SAMBA), in 1999 developed and approved the Guidelines for Office-Based Anes-
thesia, which were subsequently endorsed by the ASA House of Delegates as the
nation’s most comprehensive medical guidelines for OBA care.6

In 2002, because of continued member interest and inquiries, the ASA produced
a publication titled Office-Based Anesthesia: Considerations for Anesthesiologists in
Setting up and Maintaining a Safe Office Anesthesia Environment, which was just
recently updated and revised in its second edition.7 This manual provides ‘‘nuts and
bolts’’ advice as well as further resources and references for anesthesiologists who
currently practice, or plan to practice, in the office setting.

Interested readers may also consider several available textbook references that are
dedicated to OBA.8–10
FACILITY ACCREDITATION

Despite the increasing popularity of OBA and the persistent concerns about its safety,
there still remains a relative lack of oversight; currently only 25 states in the United
States have fully functional guidelines or regulations in place to ensure adequate
facility and equipment standards, patient care provider qualification, and proper
patient selection. Many states now require accreditation through one of several
agencies to evaluate the office-based practice setting. At present there are 3 major
accrediting organizations: The Joint Commission (TJC),11 the Accreditation Associa-
tion for Ambulatory Health Care (AAAHC),12 and the American Association for Accred-
itation of Ambulatory Surgical Facilities (AAAASF)13; all of which are deemed to meet
Medicare certification requirements, without being subject to an actual Medicare
survey and certification process. Whereas the accreditation process includes
a comprehensive and detailed survey of a facility’s physical layout, environmental
safety, administration, patient and personnel records as well as operating room
personnel, the anesthesia requirements remain fairly nonspecific. The key differences
between the 3 accrediting organizations are shown in Table 1.

Anesthesiologists are responsible for ensuring adequate standard of care and are
advised to thoroughly inspect facilities, especially in the case of offices that are not
accredited, before assuming any responsibility for patients. The most common
elements of a basic checklist are listed in Box 1.
FACILITY ADMINISTRATION

An appropriate administrative structure includes a medical director who is ultimately
responsible for facility as well as personnel, and who must ensure that all applicable
local, state, and federal laws, codes, and regulations are observed. A formal policy
and procedure manual should be available to address various issues, including
provider qualification, records and documentation, quality improvement activities,
professional liability, handling of controlled medications, and policies for clinical
care issues.



Table 1
Key differences between the 3 accrediting organizations in the United States

TJC AAAHC AAAASF

Number of offices accredited 453 537 1265

Fee in US $ per 3 year cycle (�
Medicare certification fee)

$6950 $3800 $3000 $5000

Surgeon qualification � � 1

Anesthesia qualifications LIP MD/DDS or
MD supervised

Anesthesiologist/
MD supervised

Perioperative anesthesia care 1 1 1

Operating room personnel � � 1

Overnight stays � � 1

Patient discharge � � 1 LIP

Patient transfer � 1 1

Peer review 1 1 1

Adverse event reporting � � 1

Abbreviations: AAAASF, American Association for Accreditation of Ambulatory Surgical Facilities;
AAAHC, Accreditation Association for Ambulatory Health Care; LIP, licensed independent practi
tioner; TJC, The Joint Commission; 1, addressed in standards; �, not addressed in standards; �,
not clearly addressed in standards.
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All health care providers should hold a valid license and be qualified to perform their
respective services. Maintenance of certification in ACLS (or PALS if providing care to
children) should be kept and should comply with local and state regulations. For non-
anesthesia and surgical personnel, proficiency in basic CPR is recommended, at
a minimum.

Even in an office-based practice there should be a basic written plan to assess,
document, and improve outcome of anesthesia care, which is the responsibility of
the anesthesiologist (or anesthesia group). It may be practical to form a single quality
improvement (QI) unit if the care is provided at multiple facilities. The QI program
should include peer review, risk management, and benchmarking (including patient
satisfaction) with an at least annual review. A regular inspection of anesthetic and
emergency equipment should be included. Note that the QI outside a hospital may
not be protected from legal discovery.

A thorough review of liability coverage with the underwriter is strongly advised. It is
recommended to ensure that all health care providers are fully credentialed and have
appropriate malpractice coverage, as vicarious liability in the office setting is
a common and valid concern.

Anesthesiologists need to ensure that the applicable local, state, and federal regu-
lations concerning the use of controlled medications are followed. A separate DEA 223
registration number will be used by offices that dispense their own medications (which
they will order using their own DEA 222 form). Alternatively, the anesthesiologist may
supply his or her own controlled medications (and transport them between facilities)
using his or her own DEA 222. Proper storage (on site: in a double-locked, securely
installed narcotic storage safe), drug reconciliation, and inventory must conform to
all state and federal laws. Special precautions should be taken during transport of
controlled medications between facilities (to avoid loss or theft, which must be
reported immediately using form DEA 106) as well as the disposal of expired
controlled medications (use of form DEA 41).



Box 1

Common elements of a checklist during an inspection prior to provision of anesthesia services

Administration:

Qualification (credentialing and licensing of personnel, including cardiopulmonary
resuscitation [CPR], advanced cardiac life support [ACLS], and pediatric advanced life
support [PALS])

Accreditation status

Malpractice coverage

Anesthesia record, consent, discharge instructions

Quality improvement, adverse event reporting and peer review

Patient follow up

Policy and procedure manual

Emergency planning and drills (power outage, fire, evacuation, ACLS, and other disasters)

Equipment disinfection and handling of biohazardous waste and sharps

Storage and ordering of controlled and anesthesia drugs

Hospital transfer agreement

Facility Engineering:

Patient flow

Compressed gases and scavenging

Fire safety (stretcher stair evacuation, sprinkler system?, fire extinguishers)

Evacuation

Equipment: inspection, maintenance, testing, and backup

Help

Essential electrical systems (backup power and light)

Telephone for assistance

Equipment Check:

Suction (and backup) with suction catheters

Oxygen (and backup)

Positive pressure ventilating device capable of delivering O2 (including reliable O2 source)

Appropriately sized airways, laryngoscope blades, masks, and laryngeal mask airways
(LMAs)

Standard ASA monitors (blood pressure, electrocardiograph, stethoscope, pulse oximetry,
capnograph, temperature)

Anesthesia machine with scavenging system

Functioning resuscitation equipment and defibrillator

Emergency airway equipment

Medication cart (including routine, ACLS, and other emergency drugs)

Malignant hyperthermia (MH) supplies (availability of dantrolene as well as other
medications and supplies to treat MH when triggering agents are used)
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FACILITY SAFETY

Due to several factors, patients in health care facilities are particularly vulnerable;
they may not be able to self-evacuate in the event of an emergency (ie, fire)
because of being temporarily immobilized (ie, operating room [OR], postanesthesia
care unit [PACU]); they may be exposed to electrical hazards, as they are often
connected to medical electronic equipment (ie, electrocautery, electrocardiog-
raphy, and so forth); and they are regularly in close proximity to biomedical
hazards and sources of infectious materials (ie, respiratory pathogens, blood,
and secretions). Health care providers working in hospitals take for granted the
multitude of rules and regulations that pertain to facility engineering standards
to address these issues. Most physicians’ offices are not built to the same stan-
dard, as they are usually not designed for procedures under general anesthesia.
The anesthesia provider must be particularly vigilant and should personally inspect
facilities before providing care so that he or she is prepared to assume additional
responsibilities and ensure patient safety.

Fire Safety

OR fires are not just a theoretical concern. Some estimate there are between 50 and
200 OR fires per year with a significant morbidity and mortality, and a practice advisory
for the prevention and management of OR fires has been published by the ASA.14

High-risk procedures in OBA include laser and cosmetic facial procedures as well
as most dental procedures under sedation, particularly if supplemental oxygen is
administered. Flammable skin preps should be avoided and be allowed to dry
completely before applying any drapes, and those should be positioned to prevent
the accumulation of oxygen (ie, tenting of an oxygen-rich environment). Surgical
sponges should be moistened when used in close proximity to ignition sources and
nitrous oxide should be avoided in high-risk situations. The disposal of waste anes-
thetic gases should be assessed from an environmental as well as fire code
perspective.

Most hospitals have a 2-stage fire alarm, dedicated supervisory staff, sprinkler
protection throughout, fire separation of floor areas into 2 zones for horizontal evacu-
ation of patients, wider corridors and stairs, additional requirements for ORs and
recovery rooms including fire separations and dedicated/protected air supply, and
elevators to accommodate stretchers in a horizontal position. Office buildings may
not meet the standards described in the National Fire Protection Association (NFPA)
99 Health Care Facilities document. The anesthesia provider and other staff must
have a fire safety plan and frequently rehearse emergency procedures, including
safe evacuation.

Ventilation

While the control of temperature and humidity add to the comfort of patients and
health care providers, the adequacy of a properly designed ventilation system in
hospitals adds multiple levels of safety that may not be present in office buildings,
such as a defined number of air exchanges, individualized ducts and exhaust, as
well as scavenging, which may be important for infection control and protection
against smoke and toxic fumes in the event of a fire.

The NFPA’s standards regarding gas supplies may not apply to offices unless stip-
ulated through an accrediting organization. Proper storage, ventilation, and backup
supply with alarmed monitoring needs to be ensured by the anesthesia provider.
For practice setups involving the transport of compressed or liquefied gases, the
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provider is referred to various legislations, including the Compressed Gas Association,
the Department of Transport, and additional local, state, and federal regulations.

Electrical and Equipment Safety

Most hospitals have a dedicated biomedical engineer to ensure the safety of all equip-
ment. In an office-based practice the responsibility for the inspection and mainte-
nance of equipment rests with the health care provider. All anesthesia equipment
should be fully supported by the manufacturer or qualified service personnel, and
should not be obsolete. Each practitioner must ensure continuity of electrical power
in the event of a power failure, along with emergency lighting, as well as protection
against electrical shock hazards (including the adequacy of receptacles, grounding,
and ground fault interrupters, if applicable).

Infection Control and Occupational Safety

Cases of hepatitis B and C patient-to-patient transmission have occurred in nonhos-
pital facilities due to the improper reuse of needles and syringes. These occurrences
have paralleled the migration of care from acute-care hospitals to nonhospital care
settings,15 and strict adherence to the Centers for Disease Control and Prevention
(CDC) guidelines is expected.16 Medications should never be administered from the
same syringe to more than one patient (even if the needle has been changed), and
both needle and syringe are considered contaminated after they have entered
a patient’s IV bag or administration set. Vials should not be entered with a used needle
or syringe and, whenever possible, medications packaged as multidose vials should
be used for one patient only. Likewise, IV bags and bottles should not be used
a common source of supply for more than one patient. Adequate infection control
practices must be observed during preparation and injection of medications. Other
elements of infection control include air flow and quality monitoring (as well as main-
tenance), preprocessing, sterilization, and disinfection along with housekeeping and
waste management (including adequate handling of sharps). Additional information
regarding occupational safety can be found in relevant standards from the United
States Department of Labor and the Occupational Safety and Health Administration
(OSHA).
PRACTICE MANAGEMENT

Many providers of OBA will enjoy the flexibility and control, along with financial oppor-
tunities that have contributed to the rapid growth of out-of-hospital surgery. However,
this also means being confronted with the reality of running a personal business (either
solo or in a group), interacting with and recruiting clients, managing a schedule (at
times with transit between different offices, perhaps even with fully mobile anesthesia
equipment), employing staff (eg, other anesthesia providers, PACU nurses with
contractual agreements) and making billing arrangements with Medicare and
Medicaid, third-party insurance companies, or patients directly (sometimes with
payment plans). The potential success of a growing practice may be enhanced by
the development of a marketing and business plan, but practitioners’ expectations
must be realistic enough to accept that not all potential clients evolve into permanent
ones. To improve efficiency and control costs, one should keep track of inventory for
medication, supplies, and equipment and as the practice grows, consider purchasing
consortiums and hiring staff to manage the inventory. There are several state as well
as federal regulations that apply to the provision of services and billing, including laws
such as Stark II and the ‘‘anti-kickback’’ law, which are intended to avoid conflicts of
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interest. These laws prohibit offering or providing any ‘‘remuneration’’—anything of
value, not just monetary payments—in exchange for referral of federal health care
program patients (Medicare). It may be best to seek legal advice in order to review
and consider all issues. To be competitive, anesthesiologists should consider the
expertise they offer to OBA by providing a full service package: knowledge of accred-
itation processes, providing drugs, supplies, and equipment, overseeing the daily OR
management, providing quality anesthesia providers and other staff, and participating
in continuous quality improvement (CQI).7

With perhaps the exception of therapeutic nerve blocks in pain clinics, it is generally
unusual for the anesthesia provider to maintain his or her own office facility and invite
other health care professionals (ie, surgeons, dentists, gastroenterologists, and so
forth) to his or her office. The vast majority of anesthesia providers will have to solicit
other health care professionals who own and maintain their offices and who are look-
ing for anesthesia services, and it will have to be decided how the various anesthesia
equipment and medications are to be provided and maintained. Some settings (espe-
cially for offices who use anesthesia services rarely) lend themselves to a fully mobile
anesthesia model, whereas others (where anesthesia is needed frequently) do better
with the equipment set up and installed permanently (either by the anesthesia provider
or by the facility owner).

Anesthesia providers can either directly (or through a billing service) charge the
patient or third-party payers for their services or invoice the facility owner. Participa-
tion with Centers for Medicare & Medicaid Services (CMS) and any insurance
company should be discussed up front and the implications for the anesthesia
provider be taken into consideration (CMS does not pay a facility fee for office
settings, but offers a higher professional fee to the surgeon). A thorough review of
the various practice management issues in OBA has been published.17

PREOPERATIVE CARE: PATIENT AND PROCEDURE SELECTION

Offices should have policies regarding criteria for patient selection that consider the
patient’s medical conditions and the intrinsic risk or invasiveness of the procedure.
Some states define which procedures can be done in offices while others leave
such decisions to the health care provider. As a general rule, patients whose preexist-
ing medical conditions or surgical procedure may pose a risk of perioperative compli-
cations beyond the office’s resources should not have their procedures done in an
office-based facility. Box 2 lists several factors that should be considered when
deciding whether a patient should be scheduled for OBA.

A preoperative workup and assessment are required,18 though interestingly,
a recent publication questioned the use of routine preoperative laboratory testing in
a hospital outpatient department for healthy patients undergoing ambulatory
surgery.19

Patients must receive adequate explanations about the nature of the proposed
procedure or treatment and its anticipated outcome, as well as the significant risks
involved and alternatives available. This information must be such as will allow the
patient to reach an informed consent decision, and this dialog should be documented
in the chart, which should also include the signed consent form.

INTRAOPERATIVE CARE

Intraoperative monitoring and management are expected to be of hospital standard.20

Several techniques, ranging from local infiltration with minimal sedation (anxiolysis) to
major regional and/or general anesthesia (total intravenous anesthesia, total



Box 2

Factors to consider in selecting patients for OBA

� Nature of surgical procedure and resources of the office for total perioperative care(blood
loss, availability of general anesthesia, postoperative management, and so forth)

� Abnormalities of major organ systems, and stability and optimization of any medical illness
(including difficult airway, morbid obesity, and/or obstructive sleep apnea)

� Previous adverse response to anesthesia and surgery

� Family history (malignant hyperthermia or other metabolic conditions)

� Current medications as well as drug allergies (including allergy to latex)

� Risk for deep vein thrombosis and presence of prophylactic measures

� Nil by mouth (NPO) status (time and nature of the last oral intake)

� History of substance use or abuse (including alcohol or painkillers) as well as patient’s
psychological status

� Availability of a responsible person to accompany the patient home from the office and
remain in attendance as necessary
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intravenous anesthesia (TIVA), or general inhalational anesthesia with LMA or endotra-
cheal tube) may be chosen, depending on the patient, the procedure, and the level of
comfort of the clinician. The anesthesia provider, however, must make plans to poten-
tially rescue any patient from deeper levels of sedation than originally intended,21,22

and to adequately handle untoward events (including inadequate sedation/regional
anesthesia or cardiovascular collapse/respiratory arrest), especially considering the
limited resources in office-based settings. Although it is assumed that the office will
be supplied with adequate anesthesia drugs, supplies, and equipment for intended
care, there also needs to be necessary resuscitation equipment to rescue a patient
from deeper level of sedation/anesthesia. All offices should have a reliable source of
oxygen, suction, self-inflating hand-resuscitator bag capable of delivering positive
pressure ventilation, airway devices including oral and nasal airways, laryngoscope
blades, and endotracheal tubes appropriately sized for the population served.

A variety of ambulatory anesthetics are suitable for OBA, provided they can be
administered safely. Because of the need for a timely discharge of patients, consider-
ation should be given to the use of short-acting anesthetics and the minimization of
side effects that otherwise may delay discharge (pain, nausea, and vomiting). This
measure can often be accomplished through judicious infiltration of local anesthetics
by the surgeon (and the use of regional techniques, where appropriate, by the anes-
thesia provider), tailored prophylactic multimodal anesthesia regimens, and liberal
administration of antiemetics.

To facilitate fast-tracking after office-based surgery, many common office-based
procedures can be done under sedation (monitored anesthesia care), thus avoiding
the effects of general anesthesia on cardiopulmonary physiology, airway manipula-
tion, and heat redistribution (contributing to hypothermia). Avoiding muscle relaxation
permits muscle tone in the extremities, which can reduce deep vein thrombosis and
subsequent pulmonary embolus. In general, muscle relaxants and endotracheal intu-
bation are used sparingly, although airway equipment for intubation or to manage
a difficult airway must be available during all cases of general anesthesia.7 The anes-
thesia provider may choose from a variety of short-acting agents with rapid onset and
recovery, and sedative-hypnotic and analgesic properties that have minimal effect on
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the cardiovascular and respiratory system as well as no postoperative nausea and
vomiting. Popular anesthetic agents include propofol (at times mixed with methohex-
ital), midazolam, ketamine, as well as the more recently introduced a2 agonist, dexme-
detomidine.23 For short procedures these agents can be administered as small bolus
injections (and repeated as necessary), whereas longer procedures can employ
continuous infusion techniques. Large doses of opioids are often avoided because
of the effect on postoperative nausea and vomiting, as well as respiratory depression.
Ultra short-acting opioids (remifentanil) have desirable pharmacokinetics, but their use
should be combined with long-acting local anesthetics or nonopioid analgesics if
significant postoperative pain is expected.

The compact size and portability of an intravenous infusion pump have made TIVA
a popular choice for small offices or mobile anesthesia setups, because it minimizes
the need for certain anesthetic equipment (anesthesia machine with scavenging
and, usually, MH cart) along with reducing the associated costs. Note, however,
that the Malignant Hyperthermia Association of the United States (MHAUS) explicitly
recommends that MH supplies be on site if succinylcholine is available, even if only for
resuscitation. Because TIVA requires the establishment of intravenous access, it may
not always be preferred or feasible (ie, pediatrics, special needs and very needle-
phobic patients, and so forth). In addition to full-sized stationary anesthesia machines
(with integrated monitors), there are now several approved and portable anesthesia
systems available for use in small offices or as part of a mobile setup whereby inhala-
tional induction or maintenance may be used. Charcoal canisters that absorb haloge-
nated agents (without using nitrous oxide) may allow the use of inhalational anesthesia
in offices without scavenging capabilities. It is important that the equipment and
machines used are maintained, tested, and inspected on a regular basis, and not
become a repository for obsolete equipment.7 The use of monitoring devices for the
depth of anesthesia (ie, Bispectral Index, BIS monitoring) may allow minimization of
the patient’s exposure to anesthetic agents, facilitate recovery, and reduce costs.24

Many patients after ambulatory surgery fear postoperative nausea and vomiting
(PONV) more than pain, and this can significantly delay discharge or lead to unantic-
ipated admissions. A simplified risk score for predicting PONV, based on gender,
history of motion sickness or PONV, smoking status, and use of postoperative opioids
has been published, and the Society for Ambulatory Anesthesia (SAMBA) has recently
made guidelines for the management of PONV available.25 Depending on patient risk
factors, the type of surgery (ie, plastic, dental, ophthalmologic, ear, nose, throat, or
gynecologic) and the anesthetics used (volatile agents, use of nitrous oxide or
opioids), a combination of prophylactic and therapeutic agents/strategies may be
chosen (adequate hydration, prophylactic dexamethasone, 5-hydroxytryptamine3

receptor antagonists, NK-1 antagonists, H1 receptor blockers, scopolamine patches,
or droperidol; consider the black box warning by the FDA).

Adequate management of postoperative pain, where applicable, requires careful
planning, including a multimodal analgesia regimen that may be started before the
surgical procedure. In addition to single-shot local anesthetic infiltration, certain
procedures (especially abdominal, orthopedic, and breast surgeries) may employ
patient-controlled continuous infusion devices for local anesthetics that are placed
at the end of the procedure and that can be used for several days.
POSTOPERATIVE CARE AND DISCHARGE

The recovery in an office can present challenges, as there may not be a permanent
recovery area. Often patients are expected to recover rapidly in the surgical area or
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in an adjacent procedure room or holding area. Regardless of the location, applicable
standards apply.26 There should be policies and procedures that specify monitoring,
staff qualifications, responsibilities, documentation, and a formal discharge protocol
(including predefined anesthesia discharge criteria for ‘‘street-fitness’’).27–29 Patients
should receive detailed written instructions for routine and emergency follow-up,
and personnel trained in basic life support/ACLS should be present until the last
patient leaves the facility.

SPECIAL CONSIDERATIONS: LIPOSUCTION

Liposuction, one of the most common cosmetic procedures, consists of the surgical
removal of subcutaneous fat. There are several different surgical techniques in use,
but the more common ones now include so-called tumescent and superwet liposuc-
tion, during which the area for surgery is injected with large volumes of a dilute solution
of local anesthetic, usually crystalloid and lidocaine with epinephrine (1 mL for each
mL of planned adipose removal; in some cases 2–3 times the volume of anticipated
adipose resection).30 Lidocaine doses of 35 mg/kg are accepted during tumescent
liposuction, but epinephrine should not exceed 0.07 mg/kg. Even though these doses
of lidocaine exceed the recommended maximum, the resulting plasma levels may be
below the levels considered safe.31 Due to the length of the procedure, active warming
devices should be considered to avoid the development of hypothermia, as the large
volumes of injectate are usually not warmed. In addition, significant volumes of the
injectate may be absorbed and significant hypervolemia may result unless fluid
management is planned accordingly.

Patients during prolonged cosmetic procedures are at increased risk of deep
venous thrombosis, and a policy for thromboprophylaxis should be in place.32 Due
to the increased risk of adverse events, it is not recommended to perform large volume
liposuction (>5000 mL of total aspirate, or more than 2000 mL for liposuction as an
adjunct procedure) or to combine liposuction with certain other procedures, such as
abdominoplasty, in the office-based setting.

SPECIAL CONSIDERATIONS: PEDIATRICS

The most important consideration for pediatric OBA is the presence of adequately qual-
ified staff, confident in caring for the child, as well as the availability of a selection of age-
appropriate monitoring and equipment. Even though a minimum age in OBA for an
otherwise healthy infant has not been established, it has been suggested to restrict
the selection to infants older than approximately 6 months and to exclude ex-premature
infants due to the increased risk of apnea. Most children require general anesthesia via
inhalational induction, making the presence of an anesthesia machine necessary. If
TIVA is chosen, topical analgesia may be applied for performing a venipuncture.

SPECIAL CONSIDERATIONS: DENTAL

The American Dental Association (ADA) has issued guidelines that define educational
requirements for dentists to provide anesthesia, and qualified dentists have to apply
for state board issued anesthesia permits. In some states, physician anesthesiologists
are also required to obtain dental anesthesia permits from their respective dental state
board. In general, the state medical board requires an inspection of the facility instead
of a formal accreditation.

The majority of dental facilities are not specifically designed for the administration of
anesthesia, and this may pose particular challenges for the anesthesia provider: the
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treatment room may be significantly smaller than a normal operating room and the
patient usually rests on a dental treatment chair with only limited positioning (espe-
cially for airway management) compared with normal OR tables. Often the anesthesia
provider is required to bring his or her own equipment for temporary setup (fully mobile
OBA model) and should be aware that many of the usual features present in hospital
ORs may not be present (scavenging, backup power, dedicated suction, and so forth).
He or she should ensure that this does not compromise safety.

Due to the nature of the surgical intervention (mostly restorative dentistry), and
despite the significant anxiety experienced by many dental patients, intravenous seda-
tion (together with local anesthesia administered by the dentist) is often sufficient. Intra-
venous sedation provides adequate operating conditions for dental providers,
especially because they are accustomed to working on ‘‘awake’’ patients. The majority
of adult patients tolerate this technique as long as some degree of amnesia is assured.

The anesthesia provider should be ready to provide short-acting supplemental
sedation required for brief periods of increased surgical stimulation, which is a frequent
occurrence during dentistry. Also, dental and anesthesia provider both ‘‘share’’ the
airway, and changes in ventilation and the ability to clear blood, secretions, or water
from any drills along with any interference from foreign material (gauzes or instru-
ments) must be considered.7

Patients for dental procedures outside the hospital usually have only a minimal
understanding of anesthesia and its implications, and may not take preparation
(including NPO status) or postoperative instructions seriously. Patients should receive
instructions about expectations for preoperative care and the intraoperative period, as
well as postoperative instructions.

EMERGENCIES AND TRANSFERS

Due to the limited resources of office-based facilities as compared with hospitals, the
management of emergencies requires a detailed policy and procedure for careful
planning and preparation, along with regular rehearsals and drills. The goal of handling
an emergency in the office is to stabilize the patient and promptly transfer the patient
to an acute-care facility with personnel and resources more suited to handle the emer-
gency. Medications and equipment in the office-based setting should be no different
than that for a hospital, and additional resources for determining drug dosages, usage,
and protocols (ACLS, difficult airway algorithm, Emergency Therapy for Malignant
Hyperthermia, Guidelines for the Management of Severe Local Anesthetic Toxicity)
should be immediately available.7 Emergency planning should include a clear under-
standing of assigned responsibilities to available staff (including surgeon/dentist,
assistants, nurses, and so forth), taking into account their qualifications. Means for
urgent evacuation of immobilized patients (from the OR or PACU) in the event of
a disaster (ie, fire) should be ensured.

In the case of a patient transfer to an acute-care facility, he or she needs to be stable
enough to be transferred safely. It is the responsibility of the anesthesia provider to
verify that a written transfer agreement is in place (or that the surgeon has admitting
privileges at an appropriate facility in close proximity). Although in most areas the
emergency transport via 911 is acceptable, some areas without 911 coverage require
special arrangements for ambulance transportation.

SUMMARY

OBA continues to grow due to the popularity among patients and health care
providers alike. Increasing regulation will ensure that patient safety remains the
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primary focus. In the meantime, the anesthesia provider must take adequate steps to
ensure that the quality of care is comparable to that in a hospital.
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Office-based anesthesia (OBA) involves the conduct of anesthesia in a location that is
integrated into a physician’s office. The first published report of OBA in the United
States appeared almost a century ago, when Ralph Waters described his practice
in Sioux City, Iowa: ‘‘a modest office equipped with a waiting room and a small oper-
ating room with an adjoining room containing a cot on which the patient could lie down
after his anesthetic.’’1 In the United Kingdom, John Snow had already published his
experience with dental anesthesia with nitrous oxide or chloroform much earlier.2

Advancements in medical technology have led to an increase in the complexity and
often the duration of office-based surgery (OBS) procedures, resulting in the need
for deeper sedation and analgesia and often general anesthesia. Currently, OBA is
one of the fastest growing subspecialties in anesthesia. In the 1980s, less than 5%
of all surgeries in the United States were performed in surgeons’ offices and by
2005, this number had increased to 17%.3 Payers, private and public, favor OBS for
economic reasons, because procedures performed in an office may cost as much
as 70% less than a similar procedure performed in a hospital.4 Patients find OBS
less anxiety provoking and prefer the personalized care provided by familiar staff
along with the privacy and convenience of the office. Surgeons choose an office for
the increased efficiency, consistency, and convenience.5 For anesthesiologists,
however, an office is a unique practice venue that differs fundamentally from a hospital
or ambulatory center paradigm and requires a distinctly different set of clinical and
professional skills for safe and effective outcomes.

SAFETY OF OBS

The lack of oversight and regulation is one of the fundamental differences between an
OBS facility and a hospital or ambulatory surgery center (ASC). It is for this reason that
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OBS has been referred to as the ‘‘wild, wild west of health care.’’6 There are reports of
surgeons performing procedures without adequate training and certification, inade-
quate supervision of patients due to insufficient or inadequately trained ancillary staff,
and inadequate or obsolete equipment. There are reports of surgeons without formal
training in anesthesia providing anesthetic care and of procedures performed in areas
that do not have a sterile environment. Use of outdated and malfunctioning anesthetic
equipment has resulted in serious injuries.6 Unfortunately, reports of deaths and
serious adverse events are usually reported in the lay press rather than in the medical
journals, but this has led to an increased awareness regarding the need for the insti-
tution of standards in office settings similar to those in hospitals and ASCs.7 The data
regarding the safety of OBS is conflicting. A study of adverse events in Florida (2000–
2002) reported a death rate of 9.2 per 100,000 and an adverse incident rate of 66 per
100,000 for OBS compared with 0.78 per 100,000 and 5.3 per 100,000 in ASCs.8 Other
investigators who compared OBS and surgery conducted in ASCs in Florida between
2000 and 2003 reported an estimated mortality rate of 0.4 per 100,000 in offices
compared with 0.9 per 100,000 in ASCs. The estimated adverse event rate was 2.1
per 100,000 in offices versus 4.6 in ASCs.9 Further examination of the Florida data
over 7 years revealed that 58% of OBS-related deaths were associated with cosmetic
plastic surgery procedures, especially liposuction, performed under general anes-
thesia, and 13.6% were associated with gastroenterology procedures.10 The accu-
racy of the data presented in these studies is questionable, however, because there
is no standard method of recording office surgery procedures or of reporting adverse
events or mortality related to OBS.

Liposuction is a common cosmetic procedure performed by dermatologic and
plastic surgeons. A report of 496,245 procedures revealed 95 deaths, with 47.7%
occurring in an office setting compared with 16.9% in hospital-based settings, the
major cause being pulmonary embolism.11 A later review of 66,570 liposuction proce-
dures performed by dermatologic surgeons in 2001, however, revealed that there
were no deaths but 45 serious adverse events, and the incidence was higher among
inpatients and patients in ASCs than in office settings.12 They also found that the
adverse event rates were higher when intravenous (IV) or intramuscular sedation
was used in addition to tumescent anesthesia.

A prospective study of 34,391 patients who underwent oral-maxillofacial surgery in
58 offices between January and December of 2001 reported a complication rate of
1.3%.13 Patients in this study received local anesthesia (12.6%), conscious sedation
(15.5%), and deep sedation or general anesthesia (71.9%). The majority of patients
(96.7%) were ranked American Society of Anesthesiologists (ASA) physical status I
or II. An oral surgeon was the primary anesthesia provider in 95.5% of procedures.
In the majority of locations (>98%), introperative monitoring included blood pressure,
heart rate, and oxygen saturation. Respiratory monitoring was used in 95.4% of cases
and consisted of visual assessment (49.2%), precordial stethoscope (18.3%), pretra-
cheal stethoscope (20.7%), and capnography (1.5%). The complications included
vomiting during induction (0.1%) and recovery (0.3%); laryngospasm, bronchospasm,
and other respiratory complications (0.3%); cardiac arrhythmias (0.1%); syncope
(0.1%); seizures (<0.1%); neurologic impairment (<0.1%); prolonged recovery
(0.2%); peripheral vascular injuries or complications (0.2%); and other complications
(0.1%). The reported risk of hospitalization was 5.8 per 100,000 procedures.

The ASA Closed Claims Project data regarding anesthesia malpractice claims
revealed that of the 5480 claims in the database, there were 14 (0.25%) claims relating
to OBA and 753 (13.7%) relating to procedures in ASCs.14 The patients in both groups
were similar with regard to age, medical status, and type of procedures. However,
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64% of the OBA claims were associated with perioperative mortality, whereas 21% of
ASC claims were related to death. In the OBA group, the most common cause of injury
was a respiratory (50%) or drug-related (25%) event and most events occurred during
the course of the anesthetic. The respiratory events included airway obstruction, bron-
chospasm, inadequate ventilation, and esophageal intubation. Drug-related events
were due to the wrong drug or dosage, allergic reaction, or malignant hyperthermia.
The most striking finding was that in 50% of the OBA claims the care was judged
substandard and 46% of the events could potentially have been prevented with
improved monitoring. Furthermore, in 36% of the cases where the care met the
accepted standards, the postoperative care after discharge was deemed substan-
dard. Plaintiffs were awarded payments in 92% of OBA claims; the amounts ranged
from $10,000 to $2,000,000. There is a need for improvement in the perioperative
care of patients undergoing surgery in an office location.

Several patients undergoing office-based procedures are children and although
these children are healthier than those who undergo inpatient surgeries, a review of
sedation-related adverse events revealed that permanent neurologic damage or death
occurred more frequently in an office setting than in hospitals.15 Eighty percent of
events were respiratory in nature and were due to inadequate equipment or moni-
toring, inadequate presedation evaluation and postoperative recovery procedures,
and medication errors. In many cases, the provider was an oral surgeon, periodontist,
or nurse anesthetist supervised by the dentist. The investigators concluded that health
care providers who sedate children should have training in airway management and
resuscitation of children.
FACILITY AND SURGEON CONSIDERATIONS

One of the challenges faced in OBA is creating a safe practice environment in collab-
oration with a surgeon or proceduralist. In the United States, there are 3 accrediting
bodies that inspect OBS locations and at the present time, accreditation is voluntary.
These organizations are the American Association for Accreditation of Ambulatory
Surgical Facilities (AAAASF), the Accreditation Association for Ambulatory Health
Care, and the Joint Commission for Accreditation of Healthcare Organizations
(JCAHO). These organizations have standard guidelines for the health care providers,
the facility, and patient care that must be fulfilled in order for the facility to be
accredited. JCAHO has been involved in accreditation since 1951 and provides
education in addition to checking facility compliance with their standards. The
AAAASF limits accreditation to facilities owned or operated by board-certified
surgeons. Information regarding the accreditation status of facilities is available on
the Internet Web sites of these organizations and should be verified by anesthesiolo-
gists before they enter into an agreement to provide anesthesia in the facility.

Pressure from the media and the lay public has resulted in an increased awareness
of the need for state regulation of OBS; however, there are still many states that lack
any type of oversight of these practices and the regulations that do exist vary signif-
icantly from state to state. New Jersey was the first state to institute regulations
governing the care of patients in office settings in 1998, followed by California, Penn-
sylvania, Rhode Island, Texas (1999), and Florida (2000). Several other states have
also started to regulate the offices where surgeries are performed and office-based
anesthesiologists need to be familiar with these state regulations, which vary consid-
erably from state to state, because violations can have serious legal consequences,
including revocation of medical license and criminal charges. Although it is important
to have a cordial relationship with the surgeon or proceduralist, an anesthesiologist
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must personally confirm that an office has all the perquisites for the safe administration
of anesthesia. The creation of policies covering perioperative patient care, handling of
controlled substances, maintenance of supplies and equipment, and management of
emergencies that are approved and signed by the anesthesiologist and surgeon/pro-
ceduralist before providing anesthetic care in an office establishes the ground rules for
a good working relationship (Box 1).

Anesthesiologists must confirm that the surgeon or proceduralist has a valid
medical license, is board eligible or certified, and has privileges to perform the
proposed procedures in a local hospital and that all the nurses involved in patient
care are licensed and at minimum have basic life support certification. Surgeons
and facilities must have adequate liability insurance. Anesthesiologists must inspect
offices to determine that space and equipment are adequate for surgical procedures
and recovery of patients. It is essential that anesthesiologists have unobstructed
Box 1

States with regulations regarding OBS and OBA in December 2009

Alabama

Arizona

California

Colorado

Connecticut

Washington, DC

Florida

Illinois

Indiana

Kansas

Kentucky

Louisiana

Massachusetts

Mississippi

New Jersey

New York

North Carolina

Ohio

Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

Tennessee

Texas

Washington
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access to patients at all times and that office exits and elevators have adequate clear-
ance to accommodate patients on a stretcher in the event of an emergent transfer.
Facilities must be in compliance with local building and fire codes and there must
be adequate electrical support for all equipment with an alternate backup electrical
source for at least 1.5 hours in case of a power failure. The ability to scavenge waste
gases must be available if inhaled anesthetic agents are used. Adequate compressed
oxygen must be available even in the presence of pipeline supply and storage of tanks
must be in compliance with local laws (Box 2).

Functioning resuscitation equipment, cardiac defibrillator and emergency drugs
must be readily available in the event of an emergency. The equipment must be age
and size appropriate and maintained in accordance with the manufacturer’s instruc-
tions and emergency drugs must be checked regularly for expiration dates and
replaced as needed. If triggering agents are used, dantrolene must be readily avail-
able. To assure adequate supplies and adequately trained staff, some office-based
anesthesiologists choose to provide all the necessary supplies and staff in the loca-
tions where they practice (Box 3).
PATIENT AND PROCEDURE CONSIDERATIONS

Although a thorough preanesthetic assessment of patients who are scheduled for
OBS is essential, initial screening is often performed by a surgeon/proceduralist. To
prevent the scheduling of inappropriate patients, it is necessary to establish clear
guidelines regarding the types of patients who are acceptable. Having patients
complete a health history questionnaire that can be screened by an anesthesiologist
Box 2

Suggested equipment and supplies for OBA

Physiologic monitors with capnography

EKG patches, temperature strips

Syringe pumps

Oxygen tanks, wrench

Ambu bags, masks

Emergency cart, defibrillator, defibrillator patches

Suction apparatus, Yankaur cannula, suction tubing

Laryngoscope handles with C batteries: Macintosh blades, Miller blades

Endotracheal tubes, stylets, tongue blades

Oral airways, nasal airways

Nasal cannula with capnograph tubing, oxygen masks with tubing

Laryngeal mask airways

IV fluids: lactated Ringer solution 100 mL bags, IV tubing, IV extension tubing

Normal saline (100 mL)

IV catheters, Hep Locks

Power strip

Latex free, nonsterile gloves

Flashlight, scissors, hypoallergenic tape, alcohol wipes, gauze 4 � 4



Box 3

Suggested OBA emergency drugs

Lidocaine

Adenosine

Amiodarone

Atropine

Benadryl

Calcium chloride

Digoxin

Ephedrine

Epinephrine

Esmolol

Flumazenil

Hydralazine

Hydrocortisone

Labetalol

Lasix

Narcan

Nitrostat

Phenylephrine

Procainamide

Propranolol

Sodium bicarbonate

Verapamil
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several days before surgery prevents unnecessary cancellations on the day of a proce-
dure. In addition to reviewing screening questionnaires, anesthesiologists should
contact patients by telephone before the day of surgery to verify patient history, alle-
viate any concerns, and formulate an anesthetic plan. The ASA recommends that
patients who are American Society for Anesthesiologists Physical Status (ASAPS) I
and II are suitable candidates for OBA and that patients who are ASAPS III have
a face-to-face consultation with the anesthesiologist before the day of the procedure
to determine suitability.16

Advances in surgical technology have resulted in an increase in the complexity
and duration of the procedures that may be performed in an office setting. The
American Society of Plastic Surgeons recommends that procedures performed
in an office should not exceed 6 hours in duration and should be completed by
3:00 PM, to ensure adequate recovery time.17 Procedures that are associated
with significant blood loss or fluid shifts or that might result in hypothermia
were considered unsuitable for an office setting. It is also recommended that
procedures likely to result in significant postoperative pain or immobility be per-
formed in a hospital facility (Table 1).17



Table 1
Patients not suitable for OBS

Cardiac conditions:
Activity level: <4 METS
Unstable angina
MI: 0 3 months
MI: 3 6 months: must
have evaluation by

cardiologist before
surgery

Severe cardiomyopathy
Poorly controlled

hypertension
Internal defibrillator

or pacemaker
Heart transplant

recipient/candidate

Pulmonary conditions:
Obstructive sleep apnea: PSG1,
STOP questionnairea 1

Severe chronic obstructive
pulmonary disease

Airway abnormality
Previous difficult intubation
Asthma: <6 months since last

emergency department
visit/acute exacerbation

Lung transplant recipient/
candidate

Central nervous system:
Multiple sclerosis
Cerebrovascular accident

<3 months
Paraplegia/quadriplegia
Seizure disorder
Psychologically unstable:

acute anxiety, rage,
or anger

Dementia: disoriented

Renal:
Significant renal disease:
Creatinine >2 mg/dL
End stage renal disease:

on dialysis
On special diet because

of renal disease
Kidney transplant

candidate

Hepatic:
Significant liver disease:
Elevated bilirubin/

transaminases
Liver transplant candidate

Endocrine:
Morbid obesity: body

mass index R35
Poorly controlled

diabetes mellitus:
HbA1c >8
Type 1 diabetes mellitus

Hematologic:
Sickle cell disease
Anticoagulant therapy
von Willebrand disease
Hemophilia

Musculoskeletal:
H/O malignant hyperthermia
Myasthenia gravis
Muscular dystrophy or

myopathy

Other:
Alcohol/substance

overuse
No adult escort

Abbreviations: HBAIc, Hemoglobin A1c; H/O, History of; METS, metabolic equivalents; MI, myocar
dial infarction; PSG, polysomnogram; 1, positive.

a Chung F, Yegneswaran B, Liao P, et al. STOP questionnaire: a tool to screen patients for obstruc
tive sleep apnea. Anesthesiology 2008;108(5):812 21.
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ANESTHETIC CONSIDERATIONS FOR COMMON PROCEDURES

The types of surgeries performed in office locations are not usually encountered in
hospital or ASC practices and anesthesiologists are required to deliver an anesthetic
with a quick-onset, rapid recovery and minimal postoperative side effects if they are to
maintain an efficient office practice. General anesthesia, regional anesthesia, and
sedation/analgesia have all been used successfully. The choice of anesthetic is based
on the type of patient and nature of surgery to be performed. Moderate to deep seda-
tion/analgesia, frequently referred to as monitored anesthesia care, and propofol-
based total IV anesthesia are probably the techniques most commonly used in office
locations because they obviate an anesthesia machine and scavenging capabilities. In
addition, the development of short-acting anesthetic agents that are easily titratable
and the availability of programmable infusion devices that are simple to use have
popularized these techniques.

Plastic Surgery

The majority of plastic surgery procedures are performed in office locations and lipo-
suction is the most commonly performed plastic surgery in the United States.18 The
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current tumescent technique involves the instillation of 3 to 4 mL of tumescent solution
for each mL of anticipated fat that is aspirated. The tumescent solution is usually
comprised of lactated Ringer solution (1000 mL) to which lidocaine (200–1000 mg)
and epinephrine (0.25–1 mg of) have been added. The acceptable dose range for lido-
caine in this situation is 35 to 55 mg/kg.18 The vasoconstrictor results in improved
hemostasis and blood loss varies between 4% and 30% of the aspirate. These proce-
dures can be extensive, resulting in the absorption of a fair amount of the tumescent
solution and IV fluids must be carefully titrated. The local anesthetic provides anal-
gesia and small volume liposuction can be performed with minimal sedation analgesia;
however, in the case of extensive procedures, moderate to deep sedation is neces-
sary. Propofol may be used alone or in combination with opioid analgesics, such as
fentanyl, to increase patient comfort when a local anesthetic is not adequate. The
addition of a low-dose ketamine infusion decreases the perioperative opioid dose
requirements without adverse psychomimetic effects.

Augmentation mammoplasty involves the placement of an implant through a small
inframammary or axillary incision. The procedure is performed with local anesthesia
combined with moderate to deep sedation/analgesia, and, in some cases, general
anesthesia may be necessary. Reduction mammoplasty consists of removal of breast
tissue and may be combined with liposuction. This surgery is usually performed with
propofol-based total IV anesthesia, which has been shown to result in a lower inci-
dence of postoperative nausea and vomiting (PONV) and allows patients to bypass
the labor-intensive phase I recovery area due to rapid emergence.19 It has also
been reported that patients who receive propofol anesthesia may have less postoper-
ative pain.20,21

Rhytidectomies and facelifts are usually performed with local anesthesia and seda-
tion. The intraoperative use of opioid analgesics often results in respiratory depression
and need for supplemental oxygen; however, the use of electrocautery during the
procedure creates a fire hazard. The use of low-dose ketamine to provide analgesia
reduces the need for opioids and also improves postoperative analgesia.22 The intra-
operative use of dexmedetomidine, a highly selective a2-adrenergic receptor agonist
with sedative and analgesic actions, has been described and may be another useful
drug in these situations.23

There is a growing number of nonsurgical facial and scalp cosmetic procedures,
such as hair transplant, dermabrasion, and chemical peels, that are performed with
topical local anesthesia, local anesthetic infiltration, or nerve blocks, with or without
minimal sedation. The use of propofol as the sole agent for procedural sedation
may require significantly large doses and deeper levels of sedation with resultant
delayed recovery. The addition of a small IV dose of midazolam (20 mg/kg) does not
prolong recovery time with propofol sedation; however, doses larger than 2 mg
have been found to increase postoperative cognitive impairment.24,25

Gastrointestinal Endoscopy

Upper gastrointestinal endoscopic procedures include esophagogastroduodeno-
scopy and endoscopic retrograde cholangiopancreatography and are usually per-
formed with topical anesthesia and sedation. The most commonly used topical
anesthetic is Cetacaine spray, a mixture of 14% benzocaine and 2% tetracaine hydro-
chloride. It has a rapid onset (1–2 minutes) and short duration of action (15–20
minutes), and overdosage is associated with methemoglobinemia.26 Each 1-second
spray delivers 28 mg of benzocaine and the maximum recommended dose is 2
seconds of spray; however, methemoglobinemia may occur with even small doses
in susceptible individuals.27 Another option is use of a lidocaine lollipop.28 Endoscopic
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procedures are short and propofol is usually used for sedation because of its rapid
onset of action and short contact sensitive half-life.29 Endoscopy may be stimulating,
necessitating opioid analgesics during the procedure; however, there is not much
postprocedure discomfort and remifentanil is an ideal analgesic for these procedures.
Patients who receive remifentanil during gastroscopy require less propofol and
recover faster than those who receive fentanyl. There is a higher incidence of brady-
cardia in the patients who receive remifentanil, but the incidence of hypotension is
higher in those who receive fentanyl.30 The complication rate for upper gastrointestinal
endoscopy ranges from 0.13% to 0.08%, with a mortality rate of 0.7 to 1 per 10,000
patients and cardiorespiratory events accounting for 50% of complications and
65% of deaths.31 It is essential that the sedation for these procedures is administered
by practitioners who are trained in emergency resuscitation and airway management.

Colorectal cancer screening has led to a dramatic increase in the number of colo-
noscopies performed in an office setting. Patients who receive propofol alone for
sedation during colonoscopy have longer recoveries than those who receive propofol
with fentanyl or midazolam.32 A comparison of remifentanil and propofol revealed that
although early recovery was faster with remifentanil, respiratory depression was more
frequent and patient satisfaction was lower.33 Patient-controlled sedation with propo-
fol for colonoscopy results in the use of less drug, less sedation, fewer desaturation
episodes, and quicker discharge in comparison with anesthesiologist administration.
A comparison of propofol and remifentanil with midazolam and fentanyl using patient-
controlled sedation found that the remifentanil and propofol group achieved adequate
sedation levels quicker and also ambulated sooner after the procedure, but the combi-
nation resulted in more respiratory depression.34 The rate of complications for colo-
noscopies is 0.86% and a rate of serious adverse events in the range of 13 per
8129 procedures. The involvement of anesthesia providers reduces the rate of
adverse events.35

Dental Surgery

Dentists may seek the help of anesthesiologists for deep sedation in cases involving
extraction of impacted third molars, root canal therapy, periodontal procedures, and
insertion of implants. Communication between patient, dental surgeon, and anesthesi-
ologist is essential so that all have the same expectations and patient safety is not
compromised. Dental surgeons must use low-volume irrigation or a rubber drape to
prevent aspiration. The procedures are usually performed with a combination of local
anesthetic blocks and IV sedation. The combination of midazolam, fentanyl, and propo-
fol infusion has been compared with midazolam, remifentanil, and propofol in patients
undergoing third molar extractions. The patients in the remifentanil group required less
propofol and had a shorter recovery time.36 Small doses of ketamine (10–20 mg)
provide additional analgesia without respiratory depression or psychomimetic effects.

Orthopedic and Podiatric surgery

Improvements in surgical techniques and the increased use of regional anesthesia
have resulted in many arthroscopic orthopedic procedures transitioned to office loca-
tions. The majority of podiatric surgeries are also conducted with regional blocks or
local infiltration. Surgery involving bone and periostial structures causes more pain
than simple superficial surgeries.37 A multimodal approach to perioperative analgesia
decreases the potential adverse side effects of the individual drugs and improves
overall efficacy. In addition to regional anesthesia, nonsteroidal anti-inflammatory
drugs, cyclooxygenase-2 inhibitors, acetaminophen, and N-methyl-D-aspartate
antagonists may be used.38
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Gynecologic and Genitourinary Surgery

Minor gynecologic and genitourinary procedures have historically been performed in
the office, but advances in instrumentation have led to the evolution of more complex
office gynecologic procedures. Currently, hysteroscopic surgery for diagnosis and
treatment of menorrhagia or sterilization comprises the vast majority of office gyneco-
logic procedures. The procedures are performed with paracervical block and deep
sedation due to the significant visceral stimulation during the surgery; however, there
is minimal postoperative pain. In a small group of patients who received propofol
titrated to a bispectral index of 60 to 80 in addition to remifentanil or fentanyl, the 2
drugs were equally effective.39 In patients undergoing minor gynecologic surgery,
alfentanil (10–20 mg/kg) had similar efficacy to remifentanil (0.2–0.4 mg/kg) when
combined with propofol.40 The addition of a small dose of ketamine (10–20 mg) is
a useful adjunct and does not result in psychomimetic effects. Oocyte retrieval proce-
dures are usually performed in infertility clinics and patients who receive remifentanil
during the procedure had a higher pregnancy rate compared with those who receive
general anesthesia.41

Transrectal ultrasound-guided prostate biopsy is one of the most common office
urologic procedures for investigation of abnormalities of prostate-specific antigen or
its derivatives. The procedure is performed with local anesthesia and moderate seda-
tion, and administration of IV ketorolac significantly reduces the pain during the proce-
dure.42 Yearly, 500,000 American men undergo vasectomy. This procedure is also
performed under local anesthesia with or without IV sedation/analgesia. Refinements
in lithotripters have allowed extracorporeal shockwave lithotripsy (ESWL) to be per-
formed in office settings. Despite the noninvasive nature of the procedure it is painful
and usually requires sedation with propofol and opioid analgesic agents. Predictive
factors for pain during ESWL include younger age, anxiety or depression, previous
ESWL, and rib projected or homogenous stones.43

Ophthalmologic and Otolaryngologic Surgery

The majority of ophthalmologic surgeries are performed in hospital or ambulatory
centers due to costly equipment needs. Refractive surgery, which is painful, is
routinely performed, however, in an ophthalmologist’s office with local anesthesia
and minimal oral preoperative sedation. Pain during the procedure is related to eyelid
manipulation and resolves with supplemental local anesthesia.

Improvements in endoscopic instruments have led to an expansion in office otolar-
yngology procedures. Endoscopic sinus surgery, septoplasty, and myringotomy are
performed in offices with local anesthesia and minimal sedation. Laryngeal laser
surgery conducted in an office setting has been described using the potassium-
titanyl-phosphate laser.44 It is usually used to treat epithelial diseases, such as
dysplasia and papillomatosis. The procedures are tolerated well with extensive topical
anesthesia. The main impediment to the extensive use of the technique is the cost of
the technology (Tables 2 and 3).
POSTPROCEDURE CONSIDERATIONS

Limitations related to staffing and space for recovery after office-based procedures
make it essential that the anesthetic techniques promote a rapid emergence and
safe transition of the patients to the home setting. In many instances, patients are
expected to transfer themselves to a chair immediately after surgery and ambulate
shortly thereafter. Prevention of PONV and pain is essential in the OBA setting and
to provide a smooth recovery and timely discharge. Because PONV is multifactorial,



Table 2
Pharmacokinetics of sedatives and analgesics commonly used in OBA

Drug
Elimination
Halflife (h)

Volume of
Distribution
(L/kg)

Clearance
(mL/kg/min)

Propofol 0.5 1.5 3.5 4.5 30 60

Methohexital 3.9 2.2 10.9

Midazolam 1 4 1.0 1.5 6 8

Ketamine 2 3 2.5 3.5 16 18

Dexmedetomidine 2 3 1.5 9

Remifentanil 0.17 0.33 30 4000

Alfentanil 1.4 1.5 27 238

Fentanyl 3.1 6.6 335 1530
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all patients at moderate to high risk for PONV should receive multimodal, prophylactic
antiemetic therapy. In addition, many patients may also experience postdischarge
nausea and vomiting, and the use of the oral disintegration tablet of ondansetron or
scopolamine patch prevents postoperative dehydration and delayed resumption of
normal activity that is associated with this complication.45–48 The use of total IV anes-
thesia with propofol has also been shown to be effective for prevention of PONV.49

Postoperative pain continues to be a major problem after ambulatory surgery.50

Procedures that might be associated with moderate to severe postoperative pain are
usually not performed in an office location; however, there is significant variability in indi-
vidual levels of pain experienced. Although alfentanil and remifentanil are used in OBS
because of their short duration, in the case of procedures that may be associated with
significant postoperative pain, it is necessary to administer additional analgesics before
the end of surgery. Traditionally narcotics are used to relieve postoperative pain. Small
doses of fentanyl (25–50 mg) provide a rapid onset of analgesia and allow patients to tran-
sition to oral analgesics before discharge from the facility. The longer-acting opioids,
such as morphine or hydromorphone, are best avoided because the sedation and respi-
ratory depression associated with these drugs also lasts for a longer duration.

A multimodal approach to analgesic therapy that incorporates the use of local anes-
thetic injections, opioid and nonopioid analgesics, maximizes analgesia and mini-
mizes adverse side effects that prolong recovery and delay discharge.51 The use of
nonopioid analgesics, such as nonsteroidal anti-inflammatory agents or cyclooxyge-
nase-2 inhibitors, is effective for mild to moderate pain and should be considered in
all patients unless contraindications exist.52 Other agents, including dexmedetomi-
dine, gabapentin, and dexamethasone, may be useful analgesics but have not been
evaluated in office populations.
Table 3
Dosages of sedative and analgesic agents commonly used in OBA

Initial Bolus Infusion Additional Bolus

Propofol 250 500 m/kg 25 75 m/kg/min 150 m/kg

Remifentanil 0.1 0.5 m/kg 0.02 0.05 m/kg/min 0.15 m/kg

Alfentanil 5 10 m/kg 0.25 1.0 m/kg/min 1.5 m/kg

Ketamine 0.3 0.6 mg/kg 5 10 m/kg/min 0.15 m/kg

Dexmedetomidine 1 m/kg over 10 min 0.2 1.5 m/kg/h
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The use of simple and clear objective discharge criteria allows timely discharge and
prevents postoperative complications and hospital admissions associated with
premature discharge. The postanesthesia discharge scoring system is used to deter-
mine home readiness.53 Patients must have a responsible adult companion at the time
of discharge and should receive clear, written discharge instructions because they
may not have complete recovery of cognitive function at the time of discharge. The
success of OBS depends on careful planning, attention to detail, and cooperation
by all the health care team members (Tables 4 and 5).

PROVIDER CONSIDERATIONS

The challenge in OBA is to be able to provide efficient and effective anesthetic care
without compromising patient safety. Several subspecialty societies, including the
ASA, have published practice guidelines in an attempt to establish minimum standards
of care and improve safety.16,52–55 The recommendations cover all aspects of office-
based practice from facility and staffing requirements to anesthetic supplies and drugs,
perioperative care, quality assurance, and risk management processes and provide an
excellent resource for anesthesiologists setting up an office-based practice.

Many anesthesiologists who embark on office-based practices have no training or
prior experience in that type of environment. With the economic restraints on health
care, the volume of OBS will continue to grow and it is essential for chairs of academic
anesthesiology programs to explore suitable venues in their institutions where resi-
dents can be trained in OBA. Anesthesiologists must be taught how to evaluate the
safety of an office-based practice and must have knowledge regarding the regulatory
and accreditation requirements of particular states; the rules that apply to the physical
design, equipment, and supplies; and the protocols for emergencies and quality
improvement. Residency programs need to develop OBA curriculum guidelines that
incorporate the Accreditation Council for Graduate Medical Education core compe-
tencies so that anesthesiologists are trained to be efficient without compromising
patient safety. The Society for Ambulatory Anesthesia has established OBA curriculum
guidelines, which are available on the Society’s Internet Web site (http://www.
sambahq.org). Anesthesiology residency program directors will find these guidelines
useful for designing institution-specific rotations.

Although clinical and didactic experience is essential, complications occur infre-
quently and most trainees have limited experience in managing critical life-threatening
situations during their OBA rotations. Simulation can be used to recreate complex
crisis situations and to train anesthesiologists in the management of these scenarios.
Table 4
Dosages of postoperative analgesic agents

Drug Suggested Dose
Peak
Effect (min)

Duration
of Action (h)

Fentanyl 25 50 mg 5 15 0.5 1

Morphine 2 10 mg 5 20 2 7

Hydromorphone 0.2 1 5 20 2 4

Ketorolac 30 mg IV 15 45 4 6

Naproxen 500 mg by mouth 60 6 8

Celecoxib 400 mg 45 60 4 8

Acetominophen/
hydrocodone

325 mg/5 mg 30 4 6



Table 5
Modified postanesthesia discharge scoring system

Vital signs Within 20% of preoperative value 2
20% 40% of preoperative value 1
40% of preoperative value 0

Ambulation Steady gait/no dizziness 2
With assistance 1
None/dizziness 0

Nausea/vomiting Minimal 2
Moderate 1
Severe 0

Pain Minimal 2
Moderate 1
Severe 0

Surgical bleeding Minimal 2
Moderate 1
Severe 0

(Discharge criteria: a score of R9)
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The advantage of simulation is that trainees can be exposed to uncommon critical
scenarios without fear of harm to patients. Errors can be permitted to reach their
conclusion and the results of decisions and actions become obvious to trainees.
Furthermore, an actual office environment can be recreated and interpersonal interac-
tions, communication, and leadership skills can be developed. With respect to the
acquisition of critical assessment and management skills, students who participate
in simulation training scenarios perform better than those who are trained with
problem-based learning sessions.56 Effective communication between team
members is of the utmost importance in an office setting and it has been demon-
strated that simulation can be used to improve these nontechnical skills as well.57

Research in OBA must be fostered so that the practice can be based on the same
type of scientific evidence as the other fields of anesthesiology. Anesthesiology soci-
eties and foundations must establish grants specifically designated for investigators in
OBA in order for them to develop large multicenter outcomes research projects to
generate this type of evidence.

SUMMARY

OBA is a unique and challenging venue, and, although the clinical outcomes have not
been evaluated extensively, existing data indicate that there is need for increased
regulation and additional education. Outcomes in OBA can be improved by education
not only of anesthesiologists but of surgeons, proceduralists, and nursing staff. Legis-
lators must be educated so that appropriate regulations are instituted governing the
practice of OBS and the lay public must be educated to make wise, informed deci-
sions about their choice of surgery location. The leadership of societies along with
support from the membership must play a key role in this educational process; only
then can OBA become as safe as the anesthesia care in traditional venues.
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