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Over the past 40 years, there has been a marked increase in the percentage of patients
having surgery in an ambulatory setting. This has been the result of multiple factors,
including the development of new anesthetic and analgesic agents, new surgical tech-
niques and technology, and an increased desire to reduce costs and improve patient
convenience. This issue contains a series of articles highlighting some of the important
questions related to delivery of ambulatory care and means of measuring and
improving outcomes. It also highlights some of the issues related to a growing area
of ambulatory practice —the office-based setting.

As Guest Editor for this issue, | am fortunate to have Peter Stanley Abraham Glass,
MB, ChB, Professor and Chairman, Department of Anesthesiology at Stony Brook
University Medical Center. He has authored 96 original articles and 40 book chapters.
He has conducted many funded investigations related to delivery of anesthesia and
analgesia in the outpatient setting. He has been President of the Society for Intravenous
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tory Anesthesia. Given his research, education, and leadership roles, he has been able
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Preface

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, lowa. 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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Obstructive sleep apnea is the most prevalent breathing disturbance in
sleep. It is linked to a host of preexisting medical conditions, and associ-
ated with poorer postoperative outcomes. Screening and vigilance during
the preoperative assessment identifies patients at high risk of obstructive
sleep apnea. Further diagnostic tests may be performed, and plans can be
made for tailored intraoperative care. The STOP and the STOP-Bang
questionnaires are useful screening tools. Patients with a known diagnosis
of obstructive sleep apnea should be seen in the preoperative clinic, where
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analgesics are increasingly being used as adjuvants before, during, and af-
ter surgery to facilitate the recovery process after ambulatory surgery.
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 af-
ter ambulatory surgery. The potential beneficial effects of local anes-
thetics, NSAIDs, and gabapentanioids in improving perioperative
outcomes continue to be investigated.
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without prophylaxis. The 5-hydroxytryptamine type 3 (5-HTs) receptor an-
tagonists continue to be the mainstay of antiemetic therapy, but newer ap-
proaches, such as neurokinin-1 antagonists, a longer-acting serotonin
receptor antagonist, multimodal management, and novel techniques for
managing high-risk patients are gaining prominence. The related problem
of postdischarge nausea and vomiting (PDNV) has received increasing at-
tention from health care providers. The issues of PONV and PDNV are es-
pecially significant in the context of ambulatory surgeries, which comprise
more than 60% of the combined 56.4 million ambulatory and inpatient sur-
gery visits in the United States. Because of the relatively brief period that
ambulatory patients spend in health care facilities, it is particularly impor-
tant to prevent and treat PONV and PDNV swiftly and effectively.
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Adam K. Jacob, Michael T. Walsh, and John A. Dilger

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 med-
ications; reduce adverse effects, such as nausea and vomiting; and reduce
the time to dismissal compared with patients who do not receive regional
techniques. Growth in ambulatory procedures will likely continue to rise
with future advances in surgical techniques, changes in reimbursement,
and the evolution of clinical pathways that include superior, sustained post-
operative analgesia. Anticipating these changes in practice, the role of, and
demand for, regional anesthesia in outpatient surgery will continue to grow.

Ambulatory Anesthesia and Regional Catheters: When and How

Jeffrey D. Swenson, Gloria S. Cheng, Deborah A. Axelrod,
and Jennifer J. Davis

Several clinical trials have demonstrated the superiority of continuous pe-
ripheral nerve block compared with traditional opioid-based analgesia.
The ability to provide safe and effective continuous peripheral nerve block
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at home is an attractive alternative to opioid-based analgesia with its re-
lated side effects. In this article, the practical issues related to catheter
use in the ambulatory setting are discussed. Techniques for catheter
placement, infusion regimens, patient education, and complications are
subject to many institutional preferences. In this review, special emphasis
is placed on evidence-based techniques.
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sedation is growing rapidly. While providing patients with an improved ex-
perience secondary to anxiolysis, analgesia, and amnesia, sedation also
puts them at risk for associated cardiorespiratory and other complications.
Several medications are available for sedation, all of which have unique
advantages and disadvantages. The combination of patient characteris-
tics, procedural factors, and side effects associated with each medication
places each patient at risk and therefore, vigilance during sedation cannot
be overemphasized. Due vigilance includes proper monitoring, training,
staffing, and equipment, all of which are essential to the safe delivery of
sedation.
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Supraglottic airway devices (SGAs) offer certain advantages over endotra-
cheal intubation, making them particularly well suited for the specific de-
mands of outpatient anesthesia. Patients may tolerate the placement
and maintenance of an SGA at a lower dose of anesthetic than that needed
for an endotracheal tube; neuromuscular blocking agents are rarely neces-
sary for airway management with an SGA,; the incidence of airway morbid-
ity is lower with SGAs than with endotracheal tubes; and SGAs may
facilitate faster recovery and earlier discharge of patients. Two limitations
of SGAs are incomplete protection against aspiration of gastric contents
and inadequate delivery of positive pressure ventilation. Newer variants
of the original laryngeal mask airway, the LMA Classic (LMA North Amer-
ica, Inc), as well as an array of other recently developed SGAs, aim to ad-
dress these limitations. Their utility and safety in specific patient
populations (eg, the morbidly obese) and during certain procedures (eg,
laparoscopic surgery) remain to be determined.

Challenges in Pediatric Ambulatory Anesthesia: Kids are Different 315
Corey E. Collins and Lucinda L. Everett

The care of the child having ambulatory surgery presents a specific set of
challenges to the anesthesia provider. This review focuses on areas of clin-
ical distinction that support the additional attention children often require,
and on clinical controversies that require providers to have up-to-date in-
formation to guide practice and address parental concerns. These include
perioperative risk; obstructive sleep apnea; obesity; postoperative nausea
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and vomiting; neurocognitive outcomes; and specific concerns regarding
common ear, nose, and throat procedures.
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tion, delivered with highest efficiency. Process improvement may be
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care providers alike. About 17% to 24% of all elective ambulatory proce-
dures in the United States are currently being performed in an office-based
setting. Special considerations must be made when comparing OBA to
a hospital setting, particularly with respect to facility and environment, ad-
ministration, and accreditation. Increasing regulation will ensure that pa-
tient safety remains the primary focus. In the meantime, the anesthesia
provider must take adequate steps to ensure that the quality of care in
OBA is comparable to that in a hospital.

Office Based Is My Anesthetic Care Any Different? Assessment and Management

Shireen Ahmad

Index

Office-based anesthesia (OBA) is a unique and challenging venue, and, al-
though the clinical outcomes have not been evaluated extensively, existing
data indicate a need for increased regulation and additional education.
Outcomes in OBA can be improved by education not only of anesthesiol-
ogists but also of surgeons, proceduralists, and nursing staff. Legislators
must be educated so that appropriate regulations are instituted governing
the practice of office-based surgery and the lay public must be educated
to make wise, informed decisions about 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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Ambulatory Surgery:
How Much Testing
Do We Need?
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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 surgeries’ 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 surgery? 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%°>° in all surgeries, much lower in this low-risk
category.
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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.® It has also
been demonstrated that eliminating routine testing does not increase risk.”~ 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.'®-'2 Abnormal
test results can lead to injury™® (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.'®> When selective testing is done, abnormal results are more
frequent: 30% in a study by Charpak and colleagues.' 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 Canada'®
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 colleagues'® found a similar magnitude of over ordering compared
with local guidelines.

Kaplan and colleagues'” 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
colleagues'” 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 colleagues® 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.'® Warner and colleagues™® found
a 1- to 30-day postoperative major morbidity and mortality of 0.08% (n = 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,?° 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
Mezei®'?2 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.'® 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,?® but a systematic review by Smetana and colleagues®* 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.?® The review by Smetana and
colleagues®* 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.?®

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.?” In addition, ASA has standards and
guidelines for preanesthesia care®® that specifically state that no routine testing is
indicated.

In the Australian Incident Monitoring Study, 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 authors®'32 have

29,30
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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
colleagues®® 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 months®* to 1 year®® can be used.

The following tests are the minimum to be considered:

Tests

Type and screen

e 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.®® 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.®”

Hemoglobin
Anemia is a marker of perioperative mortality. 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)®® is expected.

19,38

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
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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 publications”4*6 have questioned the value of the routine preoperative
ECG and prior publications that included the ECG as part of the perioperative risk
assessment,*”~%° 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.*>51 A
meta-analysis®? found the resting ECG to be a poor screening tool for coronary artery
disease. One study by Tervahauta and colleagues®® 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
colleagues*® 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
index*® (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 abnormalities®* but any management
change was already indicated by the H&P. Rabkin and Horne®® 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.*®

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.5¢

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

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,'® 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 Macpherson'® 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.22* 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,®” 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 Lawrence®8° 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.?*

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

hGO
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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 colleagues®! 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.%?

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 conditions?®
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.®3

Pulmonary function testing

Postoperative pulmonary complications (PPC) are a common event (incidence ranges
from 0%-75%).5485 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,®® 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.2*

Independent patient risk factors for PPCs include smoking; pulmonary hyperten-
sion; obstructive sleep apnea®’ (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.?*

Well-controlled asthma® 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.®* 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.®®7° The
majority are undiagnosed.

Patients should be screened for OSA. The STOP/BANG screen®® 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 ASA”! 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.”%""

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 children” 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.”® 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 = 6)

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

Opiate Need or Surgical Invasiveness

0 = None 0 = none

1 = Low dose oral 1 = Superficial/local anesthesia

2 = High dose oral 2 = Peripheral/general anesthesia
3 = Parenteral/neuroaxial 3 = Airway/major/abdominal
OSA Severity by PSG Result:

1= Mild

2 = Moderate

3 = 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.”

Pasternak,’® 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 No Anemia
count Anticipated blood loss
Premature infants
bHCG Yes by history  Institution
specific
Coagulation No Personal/family history of
studies/platelets 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  Diagnosis of severe OSA will
advisory 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,”? and is an independent risk factor for increased
morbidity and mortality.®*

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,*® joint replacement
surgery,” and cardiac surgery® 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,® with an incidence in
the general population estimated in the range of 1 in 4 men and 1 in 10 women.™
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Moderately severe OSA was present in twice as many men (11.4%) than women
(4.7%).""-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.'®

A significant proportion of patients with OSA are undiagnosed before surgery.’* 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.'®

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

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 s associated with several comorbidities (Table 1): cardiovascular disease, '8 including
acute myocardial infarction,'® heart failure,?® arrhythmias,?' hypertension,? cerebrovas-
cular disease,?® metabolic syndrome,?* obesity, and gastroesophageal reflux.2®

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.2®

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.?’” 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.2®

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
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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 Il 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

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.?® 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.*C 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.®' 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.®? 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.®® The
sensitivity of the ASA checklist was 79% and 87% at AHI cutoff level of 15 or more
and 30 or more.*?
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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.*°
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/mz; 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.®° 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.3* 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 142.3* 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.3®
Waist circumference of 102 cm (40 inches) or more also correlated well with increased
AH|.%6

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.3” 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%.%7

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.%8

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.
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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/m??
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.

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
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Table 2

Screening questionnaires for OSA

Berlin
Questionnaire

ASA Checklist

STOP Questionnaire

STOP Bang
Questionnaire

Netzer et al 20033'

Gross et al 200633

Chung et al 20083°

Chung et al 20083°

Clinician Clinician Self administered Clinician
administered administered administered

Validated in primary ~ Validated in Validated in Validated in
care setting and perioperative perioperative perioperative
perioperative setting setting setting
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

High risk if 2 or more

High risk if 2 or more

High risk if 3 or more

categories score categories score items score items score
positive positive positive positive
For AHI >30 For AHI >30 For AHI >30 For AHI >30
Sensitivity 87% Sensitivity 87% Sensitivity 80% Sensitivity 100%
Specificity 46% Specificity 36% Specificity 49% Specificity 37%
PPV 32% PPV 28% PPV 30% PPV 31%
NPV 93% NPV 91% NPV 90% NPV 100%
For AHI >15 For AHI >15 For AHI >15 For AHI >15
Sensitivity 79% Sensitivity 79% Sensitivity 74% Sensitivity 93%
Specificity 51% Specificity 37% Specificity 53% Specificity 43%
PPV 51% PPV 45% PPV 51% PPV 52%
NPV 78% NPV 73% NPV 76% 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.

plan, which may include positive airway pressure (PAP) treatment.®® 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
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Suspected OSA patient

|

Known OSA patient

v

Screening using STOP or STOP-
Bang questionnaire (30)

EEN

Severity Assessment from
History or Polysomnography

AN

Elective Surgery
Heart failure
Arrhythmias
Uncontrolled hypertension
Cerebrovascular disease,
Metabolic syndrome

Comorbidities and Major

Obesity with BMI > 35 kg/m’

High risk of OSA Low risk of OSA Mild OSA Moderate or
(=2 on STOP. = 3STOP-Bang) (<2 on STOP, <3 on STOP-Bang) AHIS5-15 Severe OSA
Oximetry > 94% on AHI > 15
room air Oximetry < 94% on
room air

Yes No Routine perioperative Preoperative PAP
management. therapy®.
No preoperative PAP Perioperative OSA
therapy* required. precautions.”
Consider Assume possibility
preoperative of moderate OSA.

Sleep Medicine Perioperative OSA
referral. precautions.

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. *PAP therapy: continuous PAP, bilevel PAP,
or autotitrating PAP.

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
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Table 3

Perioperative anesthetic management of the patient with OSA

Phase

Anesthetic Concern

Principles of Management

Preoperative
period

Cardiac arrhythmias and unstable
hemodynamic profile
Multisystemic comorbidities

Sedative premedication

OSA risk stratification, evaluation
and optimization

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

Preoperative risk stratification and patient optimization

Individualized intraoperative anesthetic management tailored to comorbidities

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

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

Intraoperative
period

Difficult intubation (8 times
more prevalent)

Opioid related respiratory
depression

Carry over sedation effects from longer
acting intravenous sedatives and
inhaled anesthetic agents

Excessive sedation in monitored
anesthetic care

Sniffing position

Ramp from scapula to head

Adequate preoxygenation

ASA difficult airway algorithm

Opioid avoidance or minimization

Use of short acting agents

Regional and multimodal analgesia (nonsteroidal antiinflammatory drugs,
acetaminophen, tramadol, ketamine, gabapentin, pregabalin, dexamethasone)

Use of propofol for maintenance of anesthesia

Use of insoluble potent anesthetic agents (desflurane)

Use of capnography for intraoperative monitoring

Reversal of Postextubation airway Verification of full reversal of neuromuscular blockade
anesthesia obstruction and desaturations Ensure patient fully conscious and cooperative before extubation
Semiupright posture for recovery
Immediate Suitability for day case surgery Lithotripsy, superficial, or minor orthopedic surgeries using local or regional

postoperative
period

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

techniques may be considered for day surgery

No requirement for high dose postoperative opioids

Transfer arrangement to inpatient facility should be available

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)

90¢

Buny> B 1995



Obstructive Sleep Apnea: Preoperative Assessment

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.3® 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,®® 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.%® PAP has the potential to reduce cardiac rhythm abnormalities,*°
stabilize variability of blood pressure,*! and improve the hemodynamic profile.#?
One week of PAP treatment has been shown to improve pharyngeal collapsibility
and increase pharyngeal cross-sectional area.*® In an 18-year follow-up cohort study,
PAP was found to be protective against cardiovascular death and improved survival.®

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.*

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.%3 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.*® 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.*® 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.*” In
patients undergoing uvulopalatopharyngoplasty, an AHI greater than 40 was
a predictor for difficult intubation.*®

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.*® 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.®°

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,?! limited neck extension, nasal obstruction, a crowded
oropharynx (including decreased pharyngeal width, a high Mallampati score,
decreased retrolingual airway size,? 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.>® 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.>*

Full preoxygenation should be performed with the patient breathing an Fio, 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.®® Gastroesophageal reflux is
common in patients with OSA with hypotonia of the lower esophageal sphincter.®
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
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for the management of the difficult airway may be used as a roadmap to assist the
anesthesiologist.%”

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.®® 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 aresult
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.5®5°
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.®°

A multimodal approach for analgesia is therefore advocated,®' 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.52765

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.%® Likewise,
if postoperative systemic strong opioid analgesics are administered after aregional anes-
thetic, the patient with OSA is at increased risk for respiratory complications.®”

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
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Based on expert opinion, in the absence of moderate to severe OSA, recurrent
PACU respiratory events (apnea, bradypnea, desaturation),®® 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

Patient monitored in the PACU for longer duration
(> 30-60 min after modified Aldrete criteria met)

/\

| Known OSA | Suspected OSA
(=2 on STOP, 23 STOP-Bang)

: I

e Non-compliant with PAP

e AHI > 30 (Severe OSA), or Recurrent PACU Respiratory Event
+ Recurrent PACU Respiratory Event 30-min block)”
(30-min block )" »  Oxygen saturation < 90% on nasal cannula (3

episodes)

Bradypnoea < 8 breaths / min (3 episodes)

> Apnoea = 10 s (1 episode)

Pain sedation mismatch (high pain and sedation scores #  Pain sedation mismatch (high pain and sedation
concurrently) scores concurrently)

T ey /\

Oxygen saturation < 90% on nasal cannula (3 episodes)
Bradypnoea < 8 breaths / min (3 episodes)
Apnea > 10 s (1 episode)

¥

¥ ¥ ¥ Y

| No ‘ ‘ Yes ‘ | Yes ‘ ‘ No
*  AHI 16-30 (Moderate OSA)
*  Postoperative parenteral
opioids
*  Postoperative oral opioids
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equivalent)
No Yes
Consider Consider Consider postoperative Consider discharge to
discharge to postoperative PAP and care in a home if minor surgery
home if minor care on the monitored bed." or postoperative care on
surgery. surgical the surgical ward.
ward.

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.) Monitored 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.32

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 (>2 criteria on
STOP, or >3 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).58

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.®® 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.®® 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 Il 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 7.7° 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.’® 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.’®

Poorly controlled pain is a major factor contributing to a delayed discharge after
ambulatory surgery.2* Improving postoperative pain control accelerates the ability of
patients to resume their activities of daily living.® Many patients undergoing ambulatory
surgery continue to experience unacceptably high levels of pain after their operation.2™
Despite recent advances in our knowledge of multimodal analgesic therapies' 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.®

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.37 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.®
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.® After the implementation of a routine numeric pain scoring system in the
recovery room, Frasco and colleagues® reported a significant increase in the use of
opioid analgesics. Vila and colleagues'® 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."’ Raeder and colleagues'? 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.'®14
These benefits have been confirmed in more recent studies'®'® and are currently the
recommended practice in most fast-track clinical care plans.® 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.®'” 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.” 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.'® 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.’® However, when the COX-2 inhibitors are
administered for 3 to 5 days after ambulatory surgery,'>'® 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,?°-23 ketamine,?*2° dexmedetomidine,?%2” dextromethor-
phan, alpha2-agonists, gabapentin,?8-3° pregabalin,®'-3* 8-blockers,**~° and gluco-
corticoid steroids can provide beneficial effects when administered in appropriate
doses as part of a multimodal analgesic regimen in the perioperative setting.!84°
Dexamethasone when used as an adjuvant decreases oxycodone consumption and
helps to reduce postoperative pain.*’~*3 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.*® 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.*” However, other studies have demonstrated
the effectiveness of the intravenous infusion of lidocaine in reducing postoperative
pain and facilitating the recovery process.*®" Yardeni and colleagues®? 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.>3-%" 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.>® 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.5%-60

Preemptive analgesic techniques have been postulated to provide superior anal-
gesia by preventing the establishment of central sensitization.®' 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.®?

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.® 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.53

A critical assessment of the peer-reviewed literature regarding the optimal anal-
gesic therapies for outpatient laparoscopic cholecystectomy by Bisgaard®
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.'® 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.'”"'°

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,® optimizing not only the preoperative preparation and prehabilita-
tion but also the intraoperative attenuation of surgical stress and postoperative pain
control and rehabilitation procedures.®®

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.®356 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.®”
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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, 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.? 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,®*° blindness,® and aspiration.” 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.®® 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.™®

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 PDNYV after discharge. In one study, approximately 36% of patients
who experience PDNV had not experienced any nausea or vomiting before discharge.’
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.'-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.™® 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.'® 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."”:® 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)."® 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.’® Multiple inputs may arrive from areas such as
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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.2® 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).2" 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.?2 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 Do,
histamine H;, muscarinic cholinergic, and neurokinin NK;.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 colleagues®®2® continues to be
one of the most popular and compares favorably against other scoring systems. In
a 2-center inpatient study, Apfel and colleagues?’ 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).2° 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 Use of perioperative opioids Duration of surgery
Nonsmoker Use of volatile anesthetics Type of surgery, including:
History of motion sickness Nitrous oxide Abdominal
or previous PONV Ear, nose, and throat
Family history of motion Gynecologic
sickness or PONV Laparoscopic
(pediatric) Ophthalmologic
Age >3y (pediatric) 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.®" 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 colleagues®® 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 O, 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.3?

The 1999 study by Sinclair and colleagues,®® 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.2# 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.2434-37

Risk factors for PDNV have mainly been studied in the context of risk factors for
PONV. However, a recent study by White and colleagues®® 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 colleagues
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.'® 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.2439:40

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,*! 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.*? 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.*> The 5-HT;
receptor antagonists (5-HTz 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-HT; 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.**"*" However, the differing chemical

Table 2
Number needed to treat (NNT) for common prophylactic antiemetic regimens
NNT
Agent or Strategies Nausea Vomiting PONV
Ondansetron 4 mg V>3 4.6 6.4 4.4
Dexamethasone 8 mg IV or 10  Early 5.0 Early 3.6
mg PO (adults)”® Late 4.3 Late 4.3
Dexamethasone 1 1.5 mg/kg Early 10
IV (children)”® Late 3.1
Transdermal scopolamine 1.5 4.3 5.6 3.8
mg patch®?
Droperidol 0.625 1.25mgIV® 5 7
Haloperidol 0.5 4 mg IM/IV®? 3.2 4.5 3.9 5.1
Metoclopramide 10 mg IV'®  No significant effect Early 9.1
Late 10
Propofol infusion'%® 8.6 (Postdischarge 12.5)  11.2 (Postdischarge 10.3)
Acupuncture'?? 30% baseline risk 11 30% baseline risk 11
70% baseline risk 5 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.?®> Most available data suggest that 5-HT3 RAs are
most effective when administered at the end of surgery,*®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.®’

All of the 5-HT3 RAs are equally effective for the treatment of PONV.%? Ondansetron,
as the prototypical 5-HT3 RA, has been the most studied. In a quantitative systematic
review of placebo-controlled trials of ondansetron, Tramér 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.?%® However, a recent study by Jokela and colleagues® 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.5® 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,%%=%° 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 pg/kg
subcutaneously) and high (>100 pg/kg subcutaneously) doses.®® 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.?*

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.®” The dose recommended for PONV prophylaxis with granise-
tron is 0.35 to 1.5 mg IV (5-20 pg/kg).24%2:83 In a multicenter, dose-ranging study,
Taylor and colleagues® 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,?* 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.®®

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-HT; receptor.®® 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.?” Furthermore, some data suggest that palonosetron may promote internaliza-
tion of the 5-HTj3 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.®® Thus, receptor internalization may contribute to palonosetron’s
relatively long duration of action.

A large, randomized, placebo-controlled study by Candiotti and colleagues®® 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 colleagues®® found similar results for palonosetron,
0.075 mgin 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-HT; RAs for the prevention of PDNV. A system-
atic review by Gupta and colleagues' 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.”® 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 colleagues’' 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
colleagues’ 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-HT; 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.?® Candiotti and colleagues’® 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
colleagues’™ 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.”® 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-HT; receptor to other antiemetics.”®

According to a study by Wang and colleagues,”® 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
colleagues”” 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.”® Karanicolas and colleagues’’ 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.”® 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.”® However, atropine has weaker antiemetic effects than scopol-
amine® and is generally not used in the postoperative period because of its cardio-
vascular effects.”

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 colleagues®' 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,®? 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 colleagues®®
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.®* 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 D, 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 D, receptor antagonism, the butyrophenones are o-
blockers, contributing to their adverse effects of sedation and extrapyramidal symp-
toms, although the latter are rare at the low doses given for PONV.8° 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,®5-8¢ 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.? A meta-analysis by Leslie and Gan®” 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.®8 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°C 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.°"
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 D, receptors in the CTZ and area postrema.®® In a meta-
analysis of published and unpublished trials from 1962 to 1988, Buttner and
colleagues®? 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.®2 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).®® More recent studies by Rosow and colleagues®*®® 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
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adverse effects, such as sedation, restlessness, diarrhea, agitation, and central
nervous system depression, and more rarely, extrapyramidal effects, hypotension,
neuroleptic syndrome, and supraventricular tachycardia.?® Promethazine 12.5 to 25
mg IV given at the induction of surgery,®® and prochlorperazine 5 to 10 mg IV given
at the end of surgery®” 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.®® However, strong data are lacking and phenothiazines
are currently not recommended as first-line antiemetic agents.?*

Benzamides

The most commonly used antiemetic in this group is metoclopramide, a procainimide
derivative that blocks D, receptors both centrally at the CTZ and area postrema, and
peripherally in the gastrointestinal tract.®° Metoclopramide increases lower esopha-
geal tone and promotes gastric motility, which may make it useful in preventing the
delayed gastric emptying caused by opioids.®® 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.’®® 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."®! Given
the lack of evidence showing antiemetic efficacy, metoclopramide is not recommen-
ded for PONYV 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 H; receptor in the NTS, at the vomiting center, and vestibular system;
they have little or no direct action at the CTZ.4? 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 colleagues'®? 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.'®

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."%4 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.’®® 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 6.9

Recent studies have suggested that TIVA alone may not be an optimal strategy
for PONV prophylaxis. In a small randomized trial, White and colleagues'®” 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.06:198.109 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 (NK; RAs) are a new class of antiemetic drugs
that competitively inhibit the binding of substance P, a neuropeptide released from
enterochromaffin cells.’® 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.?® The NK; RAs are believed to suppress nausea and vomiting by acting
centrally on the neurotransmission between the NTS and CPG.""' These agents
may also act peripherally to block NK; receptors in the vagal terminals of the gut to
decrease the intensity of the emetogenic signals sent to the CPG.""2

The first NKy RA to be approved by the FDA was aprepitant (Emend), for chemo-
therapy-induced nausea and vomiting.''® 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,’* 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.’'® 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%).""® 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.

NK; RAs are safe and well tolerated, with the most common side effects being
asthenia, diarrhea, dizziness, and hiccups.” Although further studies are needed
to establish their place in clinical practice, the NK; 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,"3 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
u-opioid receptors.’'® 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 pg/kg/h) is effective in reducing the incidence of
PONV compared with placebo in both adults'*® and children.'2° 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.’?' 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-3 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.?2?

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.’?®
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.'®® 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.?*

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,'25%126 their findings have not been confirmed by subsequent
studies. A systematic review of 10 trials by Orhan-Sungur and colleagues'?” reported
that the relative risk of overall PONV in patients receiving 80% FiO, 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.'2®

The use of cannabinoids, including dronabinol, tetrahydrocannabinol, and nabilone,
in PONV has not been well studied, and clinical data are lacking. Tramér and
colleagues'?® 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.'?®

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.’3° 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. '

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
PONYV, an effective management strategy should consider (1) assessment of risk for
developing PONV and baseline risk reduction, (2) prophylaxis and cost-effectiveness,
(8) 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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Risk Factors I[ Cost-effectiveness \I
History of PONV or motion sickness _
Female Baseline Risk Reduction
Nonsmoker
Perioperative opioid use > Patient ¢ Avoid volatile anesthetics
Duration and type of surgery Risk Avoid nitrous oxide
Avoid high-dose neostigmine

Pediatric Risk Factors Minimize perioperative opioids/use
Personal or family history of PONV non-opioid adjuncts for pain
Age = 3 years
Strabismus surgery
Surgery > 30 minutes
Low Risk Moderate Risk High Risk
(20-40%, 0-1 factor present) (40-80%, 2-3 factors present) (>80%, =4 factors present)
Wait and see Choose 1 or 2 available Choose 2 or more available
5-HTs receptor antagonist interventions for adults interventions

recommended for rescue, Choose 2 or more interventions Consider multimodal approach:

if needed for children * Adequate hydration

+ Combination therapy

Total intravenous
anesthesia with propofol
Local anesthetics
Anxiolytics
Nonpharmacological
techniques

[ Possible Interventions

5-HTjs receptor antagonist

Acupuncture

Dexamethasone

Droperidol or haloperidol

NK; receptor antagonist

Promethazine, prochlorperaizne,
doxylamine or perphenazine

Propofol anesthesia

Regional anesthesia

Fig. 2. Antiemetic management strategies based on patient risk.

factors for PONV, the patient’s overall risk for PONV should be determined, and the
anesthesia technique should be tailored to minimize the patient’s baseline risk.

When appropriate, the use of regional anesthesia over general anesthesia can
significantly reduce a patient’s risk of PONV.3 In high-risk patients, avoidance of vola-
tile anesthetics and nitrous oxide through the use of TIVA with propofol may be appro-
priate. Two meta-analyses by Tramér and colleagues'3?'3 have found that avoidance
of nitrous oxide reduces the risk of PONV, with an NNT of 13 to prevent early and late
vomiting. It should be noted, however, that in studies with higher than average base-
line risks of PONV, the investigators found that the NNT was about 5, whereas in
studies in which the risk was lower than average, omitting nitrous oxide had no effect
on outcome. This observation emphasizes the importance of assessing a patient’s
individual risk factors before formulating an approach for the management of
PONV. A separate systematic review by Tramér and Fuchs-Buder'3* found that
high-dose neostigmine (>2.5 mg) is associated with increased risk of PONV, suggest-
ing reduction or avoidance of neostigmine as another strategy to decrease PONV risk.
Baseline risk reduction may also be achieved by minimizing the use of intraoperative
and postoperative opioids with nonopioid adjuncts, such as nonsteroidal anti-inflam-
matory drugs, cyclooxygenase-2 inhibitors, and local anesthetics.?*

Prophylaxis and Cost-Effectiveness

The cost-effectiveness of PONV prophylaxis is an important consideration in formu-
lating a management strategy. Unfortunately, it is often difficult to gauge and compare
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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 colleagues® 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 colleagues'®® 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. 36

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.'®” 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.'38-140

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 1V, 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-HT; RAs and either
droperidol or dexamethasone are equally safe and effective in reducing
PONV.7587.141 A cost-effectiveness analysis by Pueyo and colleagues'4? 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.2*

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 colleagues'*® 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 colleagues'** 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.'® 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.?* Unlike PONV prophylaxis,
there are relatively few trials that have studied treatment options for established PONV.
However, a systematic review by Kazemi-Kjellberg and colleagues®® 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-HT5; 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.® 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.?*

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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Ambulatory surgery has undergone tremendous growth in the past decade, from 20.8
million procedures in 1996 to 34.7 million in 2006." 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.? Studies show that regional anesthesia (RA) improves pain scores, decreases
narcotic use, and lowers the incidence of postoperative nausea and vomiting,®*
Thus, more patients can be discharged home in less time with high satisfaction.®

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.®~'* 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.'®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.2 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."3'% 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.® The addition of a perineural catheter and infusion may
sustain analgesia for several days after surgery.”'>"7-'® The benefits of catheter-
based analgesia after shoulder surgery, however, remain controversial.®1°

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.® 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.’® 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, '’
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. |A 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.?® 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.?’

Total hip arthroplasty, a procedure that once required 2.5 to 3 weeks of inpatient
recovery,?? 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.'6:23

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.>* 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 |A 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.?® Adding tramadol may potentiate
the analgesic effects. In a recent study,?® 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.?”-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.3'32 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 colleagues® demonstrated equivalency of FBs and PBs.
Specifically, both blocks were equally efficacious as primary anesthetic, and both

253



254

Jacob et al

blocks provided a similar duration of analgesia (FB, 11.0 hours, vs PB, 14.3 hours;
P = .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.3%-3"

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,33%° 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,%' and, thus far, no cases of neurotoxicity have been
reported in several human volunteer and clinical studies.*3%2-58 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.3%:42:44.55.5%-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.”? In addition
tointraoperative 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.® PVB also is associated with significantly less pain at 1, 6, and 12 months
post procedure and a lower frequency of postmastectomy syndrome.”® 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.”™

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.”
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%).”° 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.”®

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.”” 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 pain state suggests
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arole 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.”® 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.”

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.&°

TAP may be useful during cholecystectomy because it has an opioid-sparing effect
perioperatively.8! 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.®?

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.
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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 ng/mL).8% 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.®* Another analgesia technique in
this setting involves a surgeon implanting catheters in the wound. Local anesthesia
is infused providing prolonged analgesia.?® 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.®® 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.®”

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.®® 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.

Laparoscopy may be done in an office with only 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.®® 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.®%-2 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.?® 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.?#%°
This same level of efficiency and patient care has also been demonstrated in private
practice settings.®® These are barriers that must be overcome to use RA in any
practice.®”%8

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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