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This consensus statement presents a comprehensive and evidence-based set of guidelines for
the care of postoperative nausea and vomiting (PONV) in both adult and pediatric populations. The
guidelines are established by an international panel of experts under the auspices of the American
Society of Enhanced Recovery and Society for Ambulatory Anesthesia based on a comprehensive
search and review of literature up to September 2019. The guidelines provide recommendation on
identifying high-risk patients, managing baseline PONV risks, choices for prophylaxis, and rescue
treatment of PONV as well as recommendations for the institutional implementation of a PONV pro-
tocol. In addition, the current guidelines focus on the evidence for newer drugs (eg, second-gener-
ation 5-hydroxytryptamine 3 [5-HT;] receptor antagonists, neurokinin 1 (NK1) receptor antagonists,
and dopamine antagonists), discussion regarding the use of general multimodal PONV prophylaxis,
and PONV management as part of enhanced recovery pathways. This set of guidelines have been
endorsed by 23 professional societies and organizations from different disciplines (Appendix 1).

What Other Guidelines Are Available on This Topic?

Guidelines currently available include the 3 iterations of the consensus guideline we previously
published, which was last updated 6 years ago'-3; a guideline published by American Society
of Health System Pharmacists in 1999%; a brief discussion on PONV management as part of
a comprehensive postoperative care guidelines®; focused guidelines published by the Society
of Obstetricians and Gynecologists of Canada,® the Association of Paediatric Anaesthetists of
Great Britain & Ireland” and the Association of Perianesthesia Nursing®; and several guidelines
published in other languages.®*?

Why Was This Guideline Developed?
The current guideline was developed to provide perioperative practitioners with a comprehensive
and up-to-date, evidence-based guidance on the risk stratification, prevention, and treatment of
PONV in both adults and children. The guideline also provides guidance on the management of
PONV within enhanced recovery pathways.

How Does This Guideline Differ From Existing Guidelines?

The previous consensus guideline was published 6 years ago with a literature search updated
to October 2011. Several guidelines, which have been published since, are either limited to
a specific populations” or do not address all aspects of PONV management.*®> The current
guideline was developed based on a systematic review of the literature published up through
September 2019. This includes recent studies of newer pharmacological agents such as the
second-generation 5-hydroxytryptamine 3 (5-HT;) receptor antagonists, a dopamine antagonist,
neurokinin 1 (NK1) receptor antagonists as well as several novel combination therapies. In addi-
tion, it also contains an evidence-based discussion on the management of PONV in enhanced
recovery pathways. We have also discussed the implementation of a general multimodal PONV
prophylaxis in all at-risk surgical patients based on the consensus of the expert panel. (Anesth
Analg 2020;131:411-48)
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GLOSSARY

5-HT; = 5-hydroxytryptamine 3; AQIl = Anesthesiology Quality Institute; ARR = absolute risk reduction;
ASA = American Society of Anesthesiologists; ASER = American Society for Enhanced Recovery;
BMI = body mass index; BP = blood pressure; CD = cesarean delivery; CER = control event rate;
Cl = confidence interval; CINV = chemotherapy-induced nausea and vomiting; CMS = Centers for
Medicare & Medicaid Services; CNS = central nervous system; ERPs = enhanced recovery path-
ways; FDA = Food and Drug Administration; GA = general anesthesia; GABA = y-aminobutyric acid;
Gl = gastrointestinal; HR = heart rate; IM = intramuscular; ISMP = Institute of Safe Medication
Practices; IV = intravenous(ly); LOS = length of stay; MECIR = Methodological Expectations of
Cochrane Intervention Review; MIPS = merit-based incentive payment system; NACOR = National
Anesthesia Clinical Outcomes Registry; NK1 = neurokinin 1; NNH = number needed to harm; NNT
= number needed to treat; NPO = nil per os; NSAIDs = nonsteroidal anti-inflammatory drugs; ODT
= orally disintegrated tablet; PACU = postanesthesia care unit; PC6 = pericardium 6 acupuncture
point; PCA = patient-controlled analgesia; PDNV = postdischarge nausea and vomiting; PECs =
pectoral nerves block; PO = per os; POD = postoperative day; PONV = postoperative nausea and
vomiting; POV = postoperative vomiting; POVOC = Postoperative Vomiting in Children score; PRESS
= Peer Review of Electronic Search Strategies; PRISMA = Preferred Reporting Items for Systematic
Reviews and Meta-analyses; PVB = paravertebral block; RA = regional anesthesia; RCT = random-
ized controlled trials; RRR = relative risk reduction; SRMA = systematic review and meta-analysis;
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TAP = transversus abdominis plane block; TIVA = total intravenous anesthesia

ausea and vomiting are two of the most com-

mon adverse events in the postoperative

period with an estimated incidence of 30% in

the general surgical population and as high as 80%

in high risk cohorts.!* This can be a highly distress-

ing experience and is associated with significant

patient dissatisfaction.’'¢ In addition, the occurrence

of postoperative nausea and vomiting (PONV) is also

associated with a significantly longer stay in the post-

anesthesia care unit (PACU),"” unanticipated hospital
admission,'® and increased health care costs.”

Optimal management of PONYV is a complex pro-

cess. There are numerous antiemetics with varying
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pharmacokinetics, efficacy, and side-effect profiles,
thus the choice of an antiemetic will depend on the
clinical context. The benefit of PONV prophylaxis also
needs to be balanced with the risk of adverse effects.
At an institutional level, the management of PONV
is also influenced by factors such as cost-effective-
ness, drug availability, and drug formulary decisions.
While there are several published guidelines on the
management of PONV, they are limited to specific
patient populations,®” do not address all aspects of
PONV management in sufficient detail,>'* or are not
up to date with current literature.

Our group has previously published 3 iterations
of the PONV consensus guideline in 2003, 2009,
and 2014, with the aim of providing comprehen-
sive, evidence-based clinical recommendations on
the management of a PONV in adults and children.
A systematic literature search identified over 9000
published studies since the last consensus guideline
(literature search up to October 2011). In addition,
the establishment of enhanced recovery pathways
(ERPs) has led to a significant paradigm shift in the
approaches to perioperative care. We therefore pres-
ent this update to incorporate the findings of the most
recent studies into our recommendations.

METHODS

Goals of the Guidelines

The goals of the current guidelines were established
by the panels as follows: (1) identify reliable predic-
tors of PONV risks in adults and postoperative vomit-
ing (POV) risk in children; (2) establish interventions
which reduce the baseline risk for PONV; (3) assess
the efficacy of individual antiemetic and combination
therapies for PONV prophylaxis including nonphar-
macological interventions; (4) ascertain the efficacy
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of PONV and postdischarge nausea and vomiting
(PDNV) treatment with or without prior PONV pro-
phylaxis; (5) determine the optimal dosing and timing
of antiemetic prophylaxis; (6) appraise the cost-effec-
tiveness of PONV management strategies; (7) create
an algorithm to summarize the risk stratification, risk
reduction, prophylaxis, and treatment of PONV; (8)
evaluate the management of PONV within ERPs; and
(9) propose a research agenda for future studies.

Establishment of the Expert Panel

The consensus guideline was established based on
available published clinical evidence, which was
reviewed by an international multidisciplinary expert
panel. Panel members were invited on a basis of sig-
nificant contributions in the field of PONV research or
representation in professional societies with interest in
PONV management, many of whom were also involved
in the previous iterations of the guidelines. Panel mem-
bers were asked to work in groups—each focusing on a
given topic—and review the literature identified from
the literature search. The first group assessed the risk
factors for PONV. Two groups investigated the efficacy
of pharmacological and nonpharmacological inter-
ventions for prophylaxis and treatment in adults. The
fourth group reviewed the different combination thera-
pies. The fifth group appraised the literature on anti-
emetic therapy within ERPs. The sixth group evaluated
the literature on economics and designed the treatment
algorithms. The seventh group analyzed pediatric anti-
emetic prophylaxis and treatment. The findings were
then summarized and presented at the consensus meet-
ing. After reviewing the evidence presented, the panel
was then asked to reach a consensus on the interpre-
tation and grading of the evidence as well as its clini-
cal relevance. When a consensus was not reached, the
majority view was presented, and the lack of full agree-
ment was acknowledged in the guideline.

Literature Search and Review

With the help of a research librarian experienced in
search strategy development (Marina Englesakis,
University Health Network, Toronto, ON, Canada),
who was working with a coauthor (EC.) with
input from the members of the consensus panel, a
standardized literature search was performed to
include publications from January 2011 to February
2019. Continued literature surveillance was done
through September 2019. The searching process fol-
lowed the Cochrane Handbook® and the Cochrane
Methodological Expectations of Cochrane Intervention
Reviews (MECIR)?! for conducting the search, the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) guideline?* for reporting
the search, and the Peer Review of Electronic Search

August 2020 e Volume 131 ¢ Number 2

Strategies (PRESS) guideline for peer-reviewing the
search strategies.*

All of the following databases used were searched
from the inception of the review over the Ovid platform
for all topics: Ovid MEDLINE(R); Ovid MEDLINE(R)
Epub Ahead of Print and In-Process & Other Non-
Indexed Citations; Embase Classic+Embase; Cochrane
Central Register of Controlled Trials; Cochrane
Database of Systematic Reviews.

Preliminary searches were conducted, and full-
text literature was mined for potential keywords and
appropriate controlled vocabulary terms (Medical
Subject Headings for Medline and EMTREE descrip-
tors for Embase).

Our search was restricted to studies in adults >18
years of age and published in the English language
with the exception of the search on pediatric antiemetic
prophylaxis and treatment. All duplicate records were
removed. Members of the team also manually searched
the reference lists of included studies for other relevant
studies. The relevant findings of the included studies
were noted and aggregated according to the topic. The
full search strategies used in Medline for the different
questions are shown in Supplemental Digital Content,
Appendix 2, http:/ /links.lww.com/AA /D80.

Grading of Evidence

For the purposes of characterizing the quality of evi-
dence for each intervention, we used a grading system
similar to that in the previous guidelines (Table 1)}
which was previously reported by the American
Society of Anesthesiologists (ASA) in their acute pain
management practice guideline.*” This provides an
objective standard against which clinical evidence
could be compared.

RESULTS

Guideline 1. Identify Patients’ Risk for PONV
Risk Factors. The previous guidelines identified
independent risk factors that were significant in
multivariable analyses of large cohort studies.
Patient-specific risk factors for PONV in adults
include female sex, a history of PONV and/or
motion sickness, nonsmoking status, and young age
(evidence B1).1426-31 Certain types of surgery may be
associated with an increased risk of PONV including
laparoscopic, bariatric, gynecological surgery, and
cholecystectomy (evidence B1).262831-3 The main risk
factors and theirrelative contribution are summarized
in Figure 1.3% As discussed in the previous versions
of the guidelines, studies regarding other commonly
discussed factors reported limited clinical value
(eg, anxiety®), uncertain significance (eg, menstrual
cycle,” neostigmine,®* and perioperative fasting*’),
or demonstrated no association with PONV
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Table 1. Quality of Clinical Evidence325
Category A: Supportive literature.
Randomized controlled trials report statistically significant differences
between clinical interventions for a specified clinical outcome.?
Level 1: The literature contains multiple randomized controlled
trials, and aggregated findings are supported by meta-analysis.
Level 2: The literature contains multiple randomized controlled
trials, but the number of studies is insufficient to conduct a
viable meta-analysis for the purpose of these guidelines.
Level 3: The literature contains a single randomized controlled trial.

Category B: Suggestive literature.

Information from observational studies permits inference of beneficial
or harmful relationships among clinical interventions and clinical
outcomes.

Level 1: The literature contains observational comparisons (eg,
cohort, case-control research designs) of clinical interventions
or conditions and indicates statistically significant differences
between clinical interventions for a specified clinical outcome.

Level 2: The literature contains noncomparative observational
studies with associative (eg, relative risk, correlation) or
descriptive statistics.

Level 3: The literature contains case reports.

Category C: Equivocal literature.

The literature cannot determine whether there are beneficial or
harmful relationships among clinical interventions and clinical
outcomes.

Level 1: Meta-analysis did not find significant differences
(P > .01) among groups or conditions.

Level 2: The number of studies is insufficient to conduct meta-
analysis, and (1) randomized controlled trials have not found
significant differences among groups or conditions or (2)
randomized controlled trials report inconsistent findings.

Level 3: Observational studies report inconsistent findings or do
not permit inference of beneficial or harmful relationships.

Category D: Insufficient evidence from literature.
The lack of scientific evidence in the literature is described by the
following terms.

Inadequate: The available literature cannot be used to assess
relationships among clinical interventions and clinical
outcomes. The literature either does not meet the criteria for
content as defined in the “Focus” of the Guidelines or does not
permit a clear interpretation of findings due to methodological
concerns (eg, confounding in study design or implementation).

Silent: No identified studies address the specified relationships
among interventions and outcomes.

Adapted with permission from the American Society of Anesthesiologists
Task Force on Acute Pain Management, "Practice Guidelines for Acute Pain
Management in the Perioperative Setting: An Updated Report by the American
Society of Anesthesiologists Task Force on Acute Pain Management,"
Anesthesiology, 2012;116:248-273.2°

aStatistical significance level was set at P < .05.

(eg, nasogastric tube, obesity, and supplemental
oxygen*™; Table 2).

Anesthetic risk factors of PONV include volatile
anesthetics, nitrous oxide, and postoperative opioids
(evidence Al).24 The effect of volatile anesthetics on
PONYV was shown to be dose-dependent and particu-
larly prominent in the first 2-6 hours following surgery.*

Irrespective of the specific opioid administered,*#
this drug class increases the risk for PONV in a dose-
dependent manner,*” and the effect appears to last
for as long as opioids are used in the postoperative
period.” The incidence of PONV is lower with opioid-
free total intravenous anesthesia (TIVA),* multimodal
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Figure 1. PONV risk factor summary. Intraoperative and postoperative
risk factors of PONV in adults; the size of each segment is proportional
to the odds ratios of PONV associated with each risk factors.3 PONV
indicates postoperative nausea and vomiting. The Figure reused with
permission from the American Society for Enhanced Recovery. For per-
mission requests, contact info@aserhq.org.

Table 2. Risk Factors for PONV in Adults

Evidence Risk Factors

Positive overall Female sex (B1)

History of PONV or motion sickness (B1)

Nonsmoking (B1)

Younger age (B1)

General versus regional anesthesia (A1)

Use of volatile anesthetics and nitrous oxide® (A1)

Postoperative opioids (A1)

Duration of anesthesia (B1)

Type of surgery (cholecystectomy, laparoscopic,
gynecological) (B1)

ASA physical status (B1)

Menstrual cycle (B1)

Level of anesthesiologist’s experience (B1)

Perioperative fasting (A2)

BMI (B1)

Anxiety (B1)

Nasogastric tube (A1)

Migraine (B1)

Supplemental oxygen (A1)

Conflicting

Disproven or of
limited clinical
relevance

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass
index; PONV, postoperative nausea and vomiting.
aUse of nitrous oxide over 1 h duration.

pain management, opioid-free regional anesthesia
(RA),¥ reduced opioid consumption,® perioperative
administration of a, agonists,”* and beta-blockers.>
The previous guidelines cited the use of nitrous
oxide as a likely cause of PONV. A recent study found
that the risk of PONV due to nitrous oxide appears to
be duration dependent. In anesthesia lasting less than
an hour, the number needed to treat (NNT) to prevent
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PONYV from nitrous oxide avoidance is 128; the NNT
decreases to 23 in anesthesia lasting over an hour, and
to 9 in anesthesia lasting over 2 hours.® In addition,
nitrous oxide is commonly used for labor analgesia
and is associated with the risk of nausea and vom-
iting.5 In patients who subsequently require emer-
gency cesarean delivery (CD), the use of nitrous oxide
may interact with the other perioperative PONV risk
factors; however, this is not well studied.

Enhanced recovery protocols have relaxed nil per
os (NPO) status and fasting guidelines in regard to
the impact on PONV. One study reported that NPO
after midnight may increase the risk of PONV.*

Understanding of the PONV risk factors will allow
for better risk assessment as well as better periopera-
tive risk reduction.

Patient Risk Assessment for PONV. PONV risk factors
should be used for risk assessment and to guide
PONV management.®> Several recent publications
have challenged the utilization of risk factors to
guide management and propose a more liberal
administration of PONV prophylaxis in patients with
lower risk of PONV.>¥” The utility of this approach
requires further validation with particular focus on
the incidence of antiemetic side effects. The National
Anesthesia Clinical Outcomes Registry (NACOR)
and the Anesthesiology Quality Institute (AQI)
created customized data on antiemetic prophylaxis,
which has been evaluated and utilized as a marker
of anesthesia quality and a measure of disparity in

Risk Factors m 100%

Female Gender il 80%

60%
Non-Smoker 1

40%
History of PONV and/or 1 20%
Motion Sickness

0%

Postoperative Opioids 1 0 1
Sum of points 0-4

Female Gender il 80%
History of PONV 1 60%
Age <50 1 40%
Use of opioids in PACU 1 ok
Nausea in PACU 1

0

Sum of points 0-5

August 2020 e Volume 131 ¢ Number 2

2

Number of risk factors

1 2 3 4 5

Number of risk factors

treatment.”® The study found that 53% of the patients
received ondansetron and/or dexamethasone
prophylaxis, and only 17% received both ondansetron
and dexamethasone. An objective assessment of risk
factors should be taken into consideration to inform
and adjust treatment.

Risk Scores. PONV risk scores have been shown
to reduce the rate of PONV at an institutional level
and can be used to inform and guide therapy.>-!
Commonly used risk scores for inpatients undergoing
anesthesia are the Koivuranta score and the Apfel
score.'*3 The Apfel simplified risk score is based
on 4 predictors: female sex, history of PONV and/
or motion sickness, nonsmoking status, and use of
postoperative opioids (Figure 2)."* The incidence
of PONV with the presence of 0, 1, 2, 3, and 4 risk
factors is approximately 10%, 20%, 40%, 60%, and
80%, respectively."* The panel classifies patients with
0-1, 2, or 3-plus risk factor into “low,” “medium,” and
“high” risk categories, respectively. Koivuranta score
includes the 4 Apfel risk predictors as well as length
of surgery >60 minutes.?® Some experts and limited
publications have suggested 1 or 2 antiemetics should
be administered to all patients since risk scores are
not completely predictive.>?” Risk scores represent an
objective approach to predict the incidence of PONV
or PDNV, with sensitivity and specificity of between
65% and 70%, and should be utilized as a modifier for
prophylaxis. If vomiting poses a significant medical

Figure 2. Risk score for PONV in adults.
Simplified risk score from Apfel et al** to
predict the patient’s risk for PONV. O, 1, 2, 3,
and 4 risk factors correspond to PONV risks
of approximately 10%, 20%, 40%, 60%, and
80%, respectively. PONV indicates postopera-
tive nausea and vomiting. The Figure reused
with permission from the American Society for
Enhanced Recovery. For permission requests,
contact info@aserhq.org.

3 4

Figure 3. Risk score for PDNV in adults.
Simplified risk score for PDNV in adults from
Apfel et al?” to predict the risk for PDNV in
adults. O, 1, 2, 3, 4, and 5 risk factors cor-
respond to PDNV risks of approximately 10%,
20%, 30%, 50%, 60%, and 80%, respectively.
PACU indicates postanesthesia care unit;
PDNV, postdischarge nausea and vomiting;
PONV, postoperative nausea and vomiting.
The Figure reused with permission from the
American Society for Enhanced Recovery. For
permission requests, contact info@aserhq.org.
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risk, such as an increased intracranial pressure, this
should be further taken into consideration.

PDNV presents a significant risk to discharged
patients who no longer have access to fast-onset intra-
venous (IV) antiemetics or direct care. A study of 2170
US outpatients reported the incidence of PDNV to be
37% in the first 48 hours after discharge and identified
5 independent predictors of PDNV, including female
sex, age <50 years, history of PONV, opioid use in the
PACU, and nausea in the PACU.% Validation of a sim-
plified PDNV risk score based on these risk factors
found that the incidence of PDNV with 0, 1, 2, 3, 4, or
5 of these risk factors to be about 10%, 20%, 30%, 50%,
60%, and 80%, respectively (Figure 3).%

Assessment for PONV/POV Risk in Children. A systematic
review of the recent literature provided 53 relevant

Pediatric POV/PONV

articles for pediatric patients since the publication
of the 2014 PONV guidelines.® The 2019 review and
analysis reemphasize the guideline recommendations
from the 2014 consensus panel with stronger levels of
evidence for each recommendation published since
the previous update.

The risk factors for POV /PONYV in children are dif-
ferent from those in adults®*% and are summarized in
Figure 4. Children are more at risk for PONV/POV
when they are older than 3 years, subjected to certain
surgeries—namely tonsillectomy and eye surgeries, or
are postpubertal females (evidence B1). The other risk
factors are summarized in the aforementioned figure
and have been validated by Kranke et al® by using the
Postoperative Vomiting in Children (POVOC) score.-%

Since the 2014 guidelines, there has been a paucity
of new research investigating additional risk factors for

v
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Figure 4. Algorithm for POV/PONV management in children. Summary of recommendations for POV/PONV management in children, includ-
ing risk identification, risk-stratified prophylaxis, and treatment of established postoperative vomiting. 5-HT; indicates 5-hydroxytryptamine 3;
PONV, postoperative nausea and vomiting; POV, postoperative vomiting; TIVA, total intravenous anesthesia. The Figure reused with permission
from the American Society for Enhanced Recovery. For permission requests, contact info@aserhq.org.
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Surgery 2 30 minutes 80%
60%

Figure 5. Risk score for POV in children.
Simplified risk score from Eberhart et al®? to
predict the risk for POV in children. O, 1, 2, 3,
or 4 risk factors correspond to POV risks of

Age 2 3 years 1 "
40% approximately 10%, 10%, 30%, 50%, or 70%,
Strabismus surgery 1 respectively. PONV indicates postoperative
20% I nausea and vomiting; POV, postoperative vom-
: . iting. The Figure reused with permission from
H.lsmw ot R oyfamily 1 % the American Society for Enhanced Recovery.
history of PONV 0 1 2 3 4 For permission requests, contact info@aserhq.
Sum of points 0-4 Number of risk factors org.

Table 3. Strategies to Reduce Baseline Risk

Avoidance of GA by the use of regional anesthesia®*%® (A1)

Use of propofol for induction and maintenance of anesthesia’™ (A1)

Avoidance of nitrous oxide in surgeries lasting over 1 h (A1)

Avoidance of volatile anesthetics?6:6* (A2)

Minimization of intraoperative (A2) and postoperative opioids26:474972 (A1)

Adequate hydration”®74 (A1)

Using sugammadex instead of neostigmine for the reversal of
neuromuscular blockade™ (A1)

Abbreviation: GA, general anesthesia.

POV/PONYV in children. As previously proposed by
Eberhart et al,®> POV risk in children can be predicted
based on 4 criteria: duration of surgery >30 minutes;
age >3 years; personal or first-degree relative history
of POV/PONYV; and strabismus surgery. Based on the
presence of 0, 1, 2, 3, and 4 factors, the risk of POV was
9%, 10%, 30%, 55%, and 70%, respectively (Figure 5).
This was subsequently verified by Kranke et al.®

Guideline 2. Reduce Baseline Risk for PONV
Discussion. Approaches for decreasing baseline risk
are presented in Table 3. Strategies recommended
to reduce baseline risk for PONV include (1)
minimization of perioperative opioids with the use
of multimodal analgesic regimens; (2) preferential
use of RA; (3) preferential use of propofol infusions
as the primary anesthetic’®”!; (4) avoidance of volatile
anesthetics; and (5) adequate hydration in patients
undergoing same-day surgery (Table 3).

Muiltimodal Systemic Analgesia. Prophylactic IV acet-
aminophen as part of a multimodal analgesic regimen
reduces nausea, only if given before the onset of pain
(evidence Al).7® After a gastrectomy, IV acetamino-
phen, in addition to continuous epidural analgesia,
showed decreased opioid use and a significantly
reduced incidence of PONV.” While oral acetamino-
phen has also been shown to reduce opioid require-
ment”® and is considerably less costly, its effect on
PONYV is not well-studied.

Randomized controlled trials (RCTs) and meta-
analyses show that perioperative nonsteroidal anti-
inflammatory drugs, (NSAIDs) and cyclooxygenase-2

August 2020 e Volume 131 ¢ Number 2

inhibitors®”# and less so intraoperative ketamine®!
may have a morphine-sparing effect in the postopera-
tive period (evidence Al). An SRMA reported that, in
patients with postoperative patient-controlled analgesia
(PCA), IV or intramuscular (IM) NSAIDs significantly
reduced the risk of PONV, and appears to be more effec-
tive than IV acetaminophen (evidence A1).82 However,
there are data to suggest that nonselective NSAIDs are
associated with anastomotic leak in gastrointestinal
(GI) surgery and should be used with caution.83-5

Perioperative Dexmedetomidine. Systemic o, agonists (cloni-
dine or dexmedetomidine) administration decrease
postoperative opioid consumption and PONV (evi-
dence Al).3¢ After laparoscopic cholecystectomy, dex-
medetomidine 1 pg/kg before skin incision reduced
the incidence of PONV similar to dexamethasone 8 mg
and proved superior in lowering postoperative pain
during the first 24 hours.” The same pain and PONV
benefits were confirmed when dexmedetomidine was
added to an IV sufentanil-ondansetron PCA after tho-
racotomy.®® Prophylactic dexmedetomidine 0.5 png/kg
reduced postoperative pain at 1 hour and, on postoper-
ative days (POD) 1-3, resulted in a faster return to daily
activities in ambulatory urologic surgery under inhala-
tion general anesthesia (GA). However, there was no
difference versus the placebo in the incidence of PONV
or use of antiemetics.* Similarly, intraoperative infu-
sion of esmolol, a short-acting 3-antagonist have been
shown to reduce PACU opioid requirement as well as
PONV risk (evidence A3).5?

Neuraxial Anesthesia. A meta-analysis showed that epi-
dural anesthesia significantly decreases the risk of
PONV, whereas intrathecal opioids may promote
PONV™ To be effective after gynecological surgery,
epidural anesthesia administration may need to be con-
tinued after surgery and at a sufficient concentration
(eg, lidocaine 10 mg/mL or equivalent).”" After open
colorectal cancer surgery, thoracic epidural anesthesia
demonstrated significantly better pain control than IV
morphine and with less PONV.*? Bilateral transversus
abdominis plane block (TAP) decreases postopera-
tive opioid use and PONV after abdominal surgery. In

www.anesthesia-analgesia.org 417
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colorectal surgery, compared to thoracic epidural anes-
thesia, the TAP blocks allowed for a shorter length of
stay (LOS) without a difference in PONV.%

Regional Anesthesia. In colorectal surgery, continuous
subfascial plane infusion of ropivacaine and fentanyl
IV PCA demonstrated comparable risk of PONV (evi-
dence A3).°* Conversely, continuous local anesthetic
wound infiltration or epidural anesthesia for 48 hours
after open gastrectomy was associated with lower
morphine consumption, less PONV, and a shorter
LOS than morphine PCA (evidence A3).” In a review
of 18 studies that compared PONV outcomes between
RA containing enhanced recovery programs and non-
regional anesthesia containing care pathways, 5 found
the RA to have improved PONYV, 1 found PONV to be
higher in the RA group (total knee arthroplasty under
spinal anesthesia versus TIVA with propofol and
remifentanil®®), and 12 found no difference.””

Propofol TIVA. An SRMA of RCTs showed that the
PONV risk with propofol TIVA is comparable to
volatile anesthesia plus single-agent prophylaxis
(5-hydroxytryptamine 3 [5-HT;] receptor antagonists
and droperidol; evidence A1).”! When used in combi-
nation with other prophylactic agents, propofol TIVA
further reduces the risk of PONV (evidence A2).%%
Subhypnotic doses of propofol infusion, in combina-
tion with an antiemetic, also significantly reduced the
incidence of PONV (evidence A2).100.101

Supplemental Oxygen. An SRMA of RCTs showed that
supplemental oxygen was not associated with signifi-
cant change in the overall risk of PONV, but the risk
of early vomiting in abdominal surgery was lower.*?

Novel Interventions. Since the last iteration of the guide-
line, a new Cochrane SRMA identified 6 studies
comparing the risk of PONV in patients, who had neu-
romuscular junction blockade reversed with sugam-
madex compared to neostigmine, and reported that the
PONV risk is lower with sugammadex (NNT = 16).”
The quality of evidence was limited, however, due to
inclusion of open-label studies as well as risk of bias
due to unclear baseline PONV risk of the participants.

Weibel et al'® conducted an SRMA on the use of
IV lidocaine and PONV and reported that in laparo-
scopic abdominal procedures, the PONV risk is lower
with lidocaine infusion. No benefit was seen with
other surgery types.'®

Baseline Risk Reduction in Children. New literature in
the pediatric population confirms the well-established
adult data in regard to TIVA (evidence A1), liberal fluid
therapy (evidence A3), and opioid-sparing techniques
(evidence Al) in reducing baseline risk for POV /PONV

418 www.anesthesia-analgesia.org

in children."™'® Opioid-sparing techniques remain a
mainstay in reducing baseline risk for POV/PONV. RA,
most commonly caudal blocks with or without systemic
dexamethasone under GA have previously been
reported as safe and effective at reducing pain, opioid
requirements, and rates of emesis in children."® The
panel believes that other regional analgesia techniques,
such as TAP blocks, may also help in reducing opioid
requirements. In settings where regional blocks are
contraindicated or not available, systemic non-opioid
analgesia may be viable alternatives.

IV lidocaine has been reported to reduce the risk of
POV in a double-blinded RCT of 92 children under-
going tonsillectomy. Children receiving a 1.5 mg/kg
lidocaine bolus followed by a 2 mg/kg/h lidocaine
infusion were 62% less likely to have POV compared
to children with saline infusion (P = .024).1%”

Two studies assessed o, agonists and their influ-
ence on PONV. An SRMA, while statistically hetero-
geneous, found reduced rates of PONV as a secondary
outcome in children receiving intranasal dexmedeto-
midine for separation anxiety when compared to
intranasal or oral midazolam (evidence A1)."! In a
randomized double-blinded study, the oral clonidine
group had significantly less episodes of PONV and
need for rescue antiemetics compared to the placebo
group.'® Further evidence is needed in children, but
0, agonists warrant consideration in multimodal regi-
mens aimed at reducing PONV risk in children.

Two studies compared perioperative IV acetamino-
phen (15 mg/kg) to saline and found a significantly
reduced risk of PONV in the acetaminophen group.
One of the studies analyzed 96 children and found
that the incidence of POV during the first 6 hours
postoperatively was significantly lower in the preop-
erative acetaminophen group than in the placebo and
postoperative acetaminophen groups (P < .001).!%
The other study reviewed had 90 children undergo-
ing strabismus surgery and found that rates of PONV
were significantly lower in the dexamethasone and
acetaminophen groups compared to dexamethasone
only group'? (evidence A2).

Liberal fluid therapy remains a well-established
intervention for reducing baseline risk of POV as pre-
viously stated in multiple studies from the 2014 guide-
lines. Further evidence from a single RCT involving
150 children supports our recommendations of liberal
therapy with lactated ringer’s (30 vs 10 mL/kg) being
effective at reducing PONV.!®

Guideline 3. Administer PONV Prophylaxis Using
2 Interventions in Adults at Risk for PONV

In this iteration of the PONV guideline, one of the
major changes is that we now recommend the use of
multimodal prophylaxis in patients with one or more
risk factors. This decision was made due to the concern
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Table 4. Antiemetic Doses and Timing for Prevention of PONV in Adults

Drugs Dose Evidence Timing Evidence
Amisulpride 5mg A2113114 At induction A2113114
Aprepitant 40 mg PO ANES et At induction A2118
Casopitant 150 mg PO (IR At induction
Dexamethasone 4-8 mg IV A1122 At induction A1123
Dimenhydrinate 1 mg/kg IV AEZgl2Y
Dolasetron 12.5 mg IV (AP End of surgery; timing may not affect efficacy A2128
Droperidol? 0.625 mg IV A1130131 End of surgery A1132
Ephedrine 0.5 mg/kg IM A2133,134
Granisetron 0.35-3 mg IV A1135136 End of surgery (AA1EE=ER)
Haloperidol 0.5 to <2 mg IM/IV A1140
Methylprednisolone 40 mg IV A2141
Metoclopramide 10 mg A1142
Ondansetron 4 mg IV AQ143244 End of surgery A1145

8 mg PO or ODT
Palonosetron 0.075 mg IV AVIESICalES
Perphenazine 5mg IV A1149
Promethazine? 6.25 mg A2150,151
Ramosetron 0.3 mg IV A1152 End of surgery A2152
Rolapitant 70-200 mg PO A3153 At induction
Scopolamine Transdermal patch A1154,155 Prior evening or 2 h before surgery A1156
Tropisetron 2 mg IV A1157 End of surgery
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These recommendations are evidence-based and not all the drugs have an FDA indication for PONV. Drugs are listed alphabetically.

Abbreviations: FDA, Food and Drug Administration; IM, intramuscular; IV, intravenous(ly); ODT, orally disintegrated tablet; PO, per os; PONV, postoperative nausea
and vomiting.

aSee FDA Black box warning.

Table 5. Pharmacologic Com

over inadequate prophylaxis as well as the availability
of antiemetic safety data. The dosages and timing of
antiemetics for adult PONV prophylaxis are summa-
rized in Table 4; examples of combination therapies
for PONV prophylaxis are summarized in Table 5. A
summary of the proposed adult PONV guideline is
presented in infographic format in Figure 6.

Adults and Children
Adults
5-HT, receptor antagonists + dexamethasone
Ondansetron: (A1)*58:159
Palonosetron: (A2)160-164
Ramosetron: (A2)165166
Granisetron: (A3)%7
Tropisetron: (A3)1%8; with methylprednisolone (A3)16°
5-HT; receptor antagonists + aprepitant
Ondansetron: (A2)70471
Ramosetron: (A3)172
Palonosetron: (A3)173
Aprepitant + dexamethasone: (A2)174175
5-HT; + droperidol
Ondansetron + droperidol: (A3)17¢
Granisetron + droperidol: (A3)77
Palonosetron + droperidol: (A3)78
Other 5-HT; combination therapies:
Ondansetron + haloperidol: (A3)7°
Haloperidol + dexamethasone + ondansetron: (A3)8°
Ondansetron + betahistine: (A2)181.182
Ramosetron + gabapentin: (A3)*82
Midazolam + ramosetron: (A3)184
Other antidopaminergic combination therapies
Dexamethasone + haloperidol: (A2)185186
Metoclopramide + dimenhydrinate: (A3)8"
Amisulpride +1 nondopaminergic antiemetic: (A3)1%8
Haloperidol + midazolam: (A2)189:1%0
Acupoint stimulation + pharmacoprophylaxis: (A2)19%:192
Others
Propofol + dexamethasone: (A3)°3
Dexamethasone + dimenhydrinate:'%* (A3)
Gabapentin + dexamethasone: (A3)1%°
Children
Ondansetron + dexamethasone: (A1)
Ondansetron + droperidol (A3)°7
Tropisetron + dexamethasone (A3)198

5-HT; Receptor Antagonists.

Ondansetron. Ondansetron is the most commonly used
and studied 5-HT; receptor antagonist and is considered
the “gold standard” in PONV management (evidence
AT1)." It has comparable antivomiting and antinausea
effects when used as a single or combination medica-
tion for prophylaxis or treatment at a 4 mg IV dose or
8 mg oral disintegrating tablet with a 50% bioavailabil-
ity.?® The NNT is 6 for prevention of vomiting and 7
for nausea. The number needed to harm (NNH) is 36
for headache, 31 for elevated liver enzymes, and 23 for
constipation.’*® Ondansetron has similar effectiveness
compared to dexamethasone 4-8 mg®' and haloperi-
dol?® Ondansetron is less efficacious than ramosetron
0.3 mg IV,#20320 granisetron 1-3 mg,*” palonosetron
0.075 mg,?%-2%8 aprepitant 80 mg orally,''> and fosaprepi-
tant 150 mg V.2 Ondansetron is more efficacious than
metoclopramide 10 mg IV?!? and dexmedetomidine.?!!

Dolasetron. Dolasetron is a highly specific and selective
5-HT; receptor antagonist indicated for prevention
and treatment of PONV (evidence A2). It has low affin-
ity for dopamine receptors. A prophylactic IV dose for

Abbreviation: 5-HT;, 5-hydroxytryptamine 3.
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Figure 6. Algorithm for PONV management in adults. Summary of recommendations for PONV management in adults, including risk identifica-
tion, stratified prophylaxis, and treatment of established postoperative nausea and vomiting. Note that 2 antiemetics are now recommended
for PONV prophylaxis in patients with 1-2 risk factors. 5-HT; indicates 5-hydroxytryptamine 3; PONV, postoperative nausea and vomiting. The
Figure reused with permission from the American Society for Enhanced Recovery. For permission requests, contact info@aserhq.org.

adults of 12.5 mg IV administered 15 minutes before
the end of anesthesia has similar efficacy to 4 mg
ondansetron.'”"'? Dolasetron is no longer marketed in
the USA due to the concerns over QT prolongation.?'?
There are no changes from the previous guidelines.

Granisetron. Granisetron 0.35-3 mg (5-20 pg/kg)
IV has similar PONV efficacy compared to other

420 www.anesthesia-analgesia.org
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first-generation 5-HT; receptor antagonists and to
dexamethasone 8 mg'® (evidence Al). One study
showed that granisetron 0.3 mg IV had better effective-
ness than ondansetron 4 mg IV.}% In patients under-
going middle ear surgery, granisetron resulted in less
PONV than ondansetron up to 24 hours postopera-
tively.”*® In patients undergoing laparoscopic cholecys-
tectomy, granisetron was comparable to palonosetron

ANESTHESIA & ANALGESIA
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in the first 24 hours postoperatively, but less effica-
cious in 24-48 hours postoperatively.?® There are no
new changes to report since the 2014 guidelines.

Tropisetron. Tropisetron is a competitive and selective
5-HT3 receptor antagonist and has antinausea and
antiemetic properties used mostly for chemotherapy-
induced nausea and vomiting (CINV). While not
approved in the United States, it is used in Europe
and Asia. NNT for prevention of nausea is 6.7 and
5 for vomiting (evidence Al)."” The manufacturer’s
recommended dosing for tropisetron is 2 mg IV; how-
ever doses of up to 10 mg IV have been used in clinical
trials.’™ Tropisetron 5 mg IV before the start of anes-
thesia has been found effective for PONV prevention
for breast and gynecologic surgery.?* Larger doses
appear to have a longer clinical duration.?’> There are
no changes from the previous guidelines.

Ramosetron. Ramosetron is a second-generation 5-HT;
receptor antagonist licensed in Japan and Southeast
Asia and approved for the treatment of nausea, vom-
iting, and diarrhea-predominant irritable bowel syn-
drome in males. The most effective adult dose and
route of administration for PONV prevention and
treatment is 0.3 mg IV."*2 Side effects include drowsi-
ness, dizziness, muscle pain, sedation, constipation,
and diarrhea. For PONV prevention, ramosetron 0.3
mg was more effective than ondansetron 4 mg?'® (evi-
dence Al). When added to a PCA opioid infusion,
ramosetron 0.3 mg was more effective than placebo,
dexamethasone 10 mg, or palonosetron 0.075 mg.2”
For PONV treatment, ramosetron 0.3 mg has similar
effectiveness as ondansetron 4 mg.?!$

Palonosetron. As a second-generation 5-HT; receptor
antagonist, palonosetron has a 40-hour half-life, allo-
steric binding, positive cooperativity, receptor inter-
nalization, and 5-HT;/neurokinin 1 (NK1) receptor
inhibition.??0 In several meta-analysis studies!4¢-148
of PONV prevention, palonosetron 0.075 mg was more
effective than ondansetron 4 and 8 mg, granisetron 1
mg, dexamethasone 5 and 8 mg, dolasetron 12.5 mg,
tropisetron 2 mg, and ramosetron 0.3 mg (evidence
A1l). Palonosetron has similar effectiveness to apre-
pitant 40 mg per os (PO)."® Palonosetron combined
with sevoflurane/N,O anesthesia reduced the inci-
dence of PONV as much as a total TIVA technique.?
Combining palonosetron with TIVA reduced PONV
more than TIVA alone.?”? Combined with palonosetron
0.075 mg prophylaxis, those receiving palonosetron
0.075 mg added to a PCA infusion had less PONV than
those receiving palonosetron prophylaxis alone.?”

NK1 Receptor Antagonists.
Aprepitant. Aprepitantis a NK1 receptor antagonist with
a half-life of 40 hours, available in oral and parenteral

August 2020 e Volume 131 ¢ Number 2

(fosaprepitant) forms (evidence Al).3 All dosages (40,
80, and 125 mg) have been shown more effective in
reducing the incidence of POV rather than nausea.
Aprepitant 40 mg orally has the same PONV preven-
tion effect as palonosetron 0.075 mg IV."¢ Aprepitant
40 and 80 mg orally is more efficacious than ondanse-
tron.">??* Fosaprepitant (a prodrug of aprepitant) 150
mg IV is more efficacious than ondansetron.?®?5-2%" In
ameta-analysis which compared aprepitant to various
other antiemetics and placebo, aprepitant reduced the
incidence of vomiting on both POD 1 and 2; however,
the quality of evidence was limited by the significant
heterogeneity in the results.!”” In addition, provisional
data from a Cochrane network meta-analysis by
Weibel et al'® suggest that NK1 receptor antagonist
monotherapy has similar efficacy to several combina-
tion therapies.

NKI1 receptor antagonists may be useful prophy-
lactic antiemetics when postoperative emesis is highly
undesirable, such as in gastric and neurosurgery.
Further study is needed on the effect of NK1 receptor
antagonists on opioid requirements.

Casopitant. Casopitant has been shown to be more
effective to reduce POV than nausea (evidence A1).1"-
121 The use of NKI1 receptor antagonists could delay
the time to first vomiting episode compared with
ondansetron. Casopitant has not been approved for
PONYV use.

Rolapitant. Rolapitant is a long-acting, NK1 receptor
antagonist which may be effective in PDNV because
of its half-life of 180 hours. While there was no dif-
ference between rolapitant 70 and 200 mg orally and
ondansetron 4 mg IV at 24 hours, fewer study patients
had emesis at 72 and 120 hours (evidence A3).!%
Rolapitant has not been approved for PONV use.

Vestipitant. Six doses (4-36 mg) of vestipitant were
compared with ondansetron 4 mg for treatment of
breakthrough PONV after failed ondansetron pro-
phylaxis. Although the overall efficacy was noninfe-
rior between vestipitant and ondansetron, vestipitant
had a lower rate of emesis, suggesting that vestipitant
may possibly be useful for PONV similar to other
NKI1 receptor antagonists (evidence A3).2

Corticosteroids.

Dexamethasone. Perioperative glucocorticoids have
been used for many years to reduce the incidence of
PONV. Currently, the recommended dose of dexameth-
asone ranges between 4 and 10 mg. There has been an
increase in the number of studies evaluating the use of
8 mg (0.01 mg/kg) of dexamethasone or higher doses
with positive results (evidence A1).2! In general,
there are limited data for trials using doses higher than
8 mg. A meta-analysis of trials using dexamethasone

www.anesthesia-analgesia.org 421
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for PONV prophylaxis found no difference in anti-
emetic efficacy between the 4 and 5 mg vs the 8 and 10
mg dose of dexamethasone.'?? Additionally, with ref-
erence to timing, the data support the early dosing of
dexamethasone at the beginning of a case rather than at
the end for the prevention of PONV.**? Dexamethasone
prophylaxis resulted in comparable incidence of
PONV compared to 5-HT; receptor antagonists (pri-
marily ondansetron).’? One exception to the equiva-
lence between dexamethasone and 5-HT; receptor
antagonists may be palonosetron, which at a dose of 75
ug showed superiority over dexamethasone 8 mg for
overall PONV reduction in the 024 interval 2332

Additionally, as an added advantage over 5-HT;
receptor antagonists, dexamethasone reduced the
need for analgesics in many studies, 2 including
cases with neuraxial anesthesia.”” A meta-analysis
suggested that the opioid-sparing effects associated
with dexamethasone use in PONV do not appear
to be dose-dependent, but evidence is conflicting.?
Dexamethasone also improves respiratory param-
eters,” reduces fatigue, provides a better quality of
recovery,*” and reduces the LOS in hospital .2

The question of safety, as it relates to dexametha-
sone, has been raised in numerous studies. It appears
that dexamethasone, especially given in a single
dose, has few adverse effects. A recent Cochrane
Database analysis of 37 trials concluded that dexa-
methasone does not appear to increase the risk for
postoperative infections, but with wide confidence
interval. Additionally, the included studies excluded
patients at risk for delayed wound healing, making
extrapolation to larger populations difficult.?*? There
is even a possible suggestion that dexamethasone
decreases the incidence of infectious complications
in patients undergoing pancreaticoduodenectomy.?*
An additional review of 56 trials indicated that corti-
costeroids, primarily dexamethasone did not increase
wound infection rates, anastomotic leak, wound
healing, bleeding, or clinically significant hypergly-
cemia.*** Dexamethasone appears to induce only a
mild blood glucose elevation in patients.>*> Even in
the presence of diabetes, there is minimal evidence
to support a clinically significant increase in blood
glucose levels with less elevations reported with the
4 mg compared with higher dose.?#224246247 Higher
doses of dexamethasone, above those typically used
for PONV, appear to have a more significant effect on
glucose levels.”® The risk of increased bleeding with
the use of dexamethasone has been raised.?** Based
on the limited number of available studies, dexa-
methasone does not appear to significantly increase
the risk of postoperative bleeding, even in tonsillec-
tomy patients.”” Finally, the association of steroids
and the possibility of cancer recurrence has been
addressed in at least 2 fairly recent studies, both in
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women, demonstrating no evidence for an increased
risk with dexamethasone at doses of 4-10 mg.»"*?
There is some evidence that prophylaxis with mul-
tiple doses of dexamethasone is more effective than
single intraoperative dose.?>** Interval dosing under
anesthesia may be possible in very long surgical pro-
cedures. However, it is unclear if repeated doses may
increase the risk of corticosteroid-related complica-
tions (such as infection, bleeding, and hyperglycemia).

Other Corticosteroids. Other corticosteroids appear to have
similar efficacy to dexamethasone in terms of a reduction
of PONV and analgesic effects.”> A recent meta-analysis
reported that perioperative steroids in knee arthroplasty
significantly reduce postoperative pain.** Both low (40
mg) and high (125 mg) doses of methylprednisolone
have been shown to be effective in reducing PONV.2%52”
In a meta-analysis of hip and knee arthroplasty patients,
methylprednisolone, in doses ranging from 40 to 125
mg, was shown to reduce pain and PONV (evidence
A1).14! Not all steroids appear to have the same relative
efficacy toward PONV prevention. In a trial using beta-
methasone 8 mg in patients undergoing elective breast
cancer surgery, there was only a small effect in reducing
PONV compared to placebo.”®

Antidopaminergics.

Amisulpride. Amisulpride is a dopamine D,, D; recep-
tors antagonist. It is an oral antipsychotic (at a dose
of 50-1200 mg/d).*® An IV formulation was recently
approved for the management of PONV. Amisulpride
5 mg is more effective than placebo in achieving com-
plete response and reduction in nausea severity (evi-
dence A2),1314 while doses of 1 and 20 mg are not
effective (evidence A3)."® When used for the treatment
of established PONV, amisulpride 5 and 10 mg is more
effective than placebo in patients who received no prior
prophylaxis (evidence A3).'%8 However, in patients
who received prior PONV prophylaxis with nonanti-
dopaminergic agents, amisulpride 10 mg but not 5 mg
was more effective than placebo for the treatment of
established PONV (evidence A3).2°° Administration of
amisulpride is associated with mild increase in prolac-
tin level, the clinical significance of which is unclear.
Studies have reported that antiemetic dose of amisul-
pride was not associated with sedation, extrapyrami-
dal side effect, or QTc prolongation. !13114188,260-262

Droperidol. Droperidol is effective for the prophylaxis
of PONV in doses of 0.625-1.25 mg (evidence A1).130132
It is recommended to be administered at the end of
surgery to optimize antiemetic efficacy in the postop-
erative period (evidence Al)."> While droperidol was
used as a first-line agent for PONV prophylaxis, its use
has significantly declined in many countries follow-
ing a Food and Drug Administration (FDA) black box
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warning in 2001, which imposed restrictions on the use
of droperidol due to the risk of sudden cardiac death
when used in doses >25 mg.*® Several studies have
however suggested that antiemetic doses of droperidol
are safe, are associated with only a transient prolonga-
tion in QTc comparable to that of ondansetron, and are
not associated with changes in transmural dispersion
of repolarization.*****> The QT prolongation induced
by the combination of ondansetron and droperidol is
not different from that induced by each drug alone.*®
A large retrospective study involving 20,122 patients
who received droperidol 0.625 mg for PONV prophy-
laxis also found no increase in the risk of polymorphic
ventricular tachycardia.?” A recent study found no sta-
tistically significant difference in the risk of akathisia
between ondansetron 4 mg (0.8%), droperidol 0.625
mg (1.2%), and droperidol 1.25 mg (3.4%).2® A meta-
analysis confirmed that low doses of droperidol <1 mg
are effective,” and given that adverse effects might be
dose related, a dose of 0.625 mg is recommended by
the panel.

Haloperidol. The use of haloperidol as an antiemetic is
not FDA approved, but interest in its use in PONV
increased following the FDA black box warning on
droperidol.?”® Low doses of 0.5-2 mg are effective
for PONV prophylaxis with efficacy and side effects,
including QT prolongation, not different from those
of 5-HT; receptor antagonists (evidence Al).!4027!
When given after induction of anesthesia, the efficacy
and side-effect profile of haloperidol 1 mg was also
not different from droperidol 0.625 mg with no extra-
pyramidal side effects reported in either group.”?
Haloperidol 2 mg administered at induction of anes-
thesia or at the end of surgery did not affect the risk of
PONYV over 24 hours.?”? When used for the treatment
of established PONV in PACU, haloperidol 1 mg was
not inferior to ondansetron 4 mg in the proportion of
PONV-free patients at 4 and 24 hours after adminis-
tration but was associated with increased sedation.?

Metoclopramide. The antiemetic efficacy of a 10 mg
dose of metoclopramide is uncertain. An earlier meta-
analysis concluded that this dose has no clinically rel-
evant antiemetic effect.”* However, this meta-analysis
included studies by Fujii et al, which were later found
to be fabricated.?® A more recent meta-analysis'®
excluding the retracted studies by this group con-
cluded that a 10 mg dose of metoclopramide may be
effective for the prevention of PONV with an NNT of
8-10 (evidence Al). Metoclopramide was, however,
not effective when used in combination with other anti-
emetics based on limited numbers of available studies.
A large study involving 3140 patients who received
PONV prophylaxis with 8 mg dexamethasone, ran-
domized patients to placebo, metoclopramide 10, 25,
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or 50 mg. Only the 25 and 50 mg doses significantly
reduced PONV (NNT 16.9 and 11.6, respectively).*
Extrapyramidal symptoms were rare but were signifi-
cantly higher in the 25 and 50 mg groups (0.8%) com-
pared with the 10 mg metoclopramide group (0.4%).
Metoclopramide may be useful in institutions where
other dopamine antagonists are not available, but oth-
erwise may not be very efficacious.

Perphenazine. Perphenazine is an atypical antipsy-
chotic and a dopamine receptor antagonist. Limited
data suggest that perphenazine is effective for the
prophylaxis of PONV without increase in drowsiness
or sedation, with the recommended dose being 5 mg
IV (evidence A1).1%

Antihistamine. A meta-analysis of trials comparing
dimenhydrinate to placebo suggested that it was
effective for PONV prophylaxis with an NNT of
8 and 5 for the early and late postoperative period,
respectively (evidence Al). The optimal dosing,
timing, and side-effect profile when used for the
management of PONV are however unclear.'*

A recent study investigated the impact of 2 doses
of diphenhydramine (25 and 50 mg) on quality of
recovery following outpatient laparoscopic gyneco-
logic surgery. Only the 50 mg dose reduced the risk
of PONV compared with placebo, but the quality of
recovery was not different between the diphenhydr-
amine and placebo groups (evidence A3).77

Data examining the use of promethazine for PONV
prophylaxis are limited. When given at induction of
anesthesia, promethazine 25 mg alone or 12.5 mg
combined with ondansetron 2 mg were effective in
reducing PONV at 24 hours following middle ear
surgery.’™® The combination of promethazine 6.25 mg
with granisetron 0.1 mg given at the end of surgery,
followed by oral promethazine 12.5 mg and granis-
etron 1 mg given every 12 hours for 3 days, was more
effective than promethazine alone in reducing the risk
of PONV and PDNV?"! (evidence A2). Promethazine
is also effective for the treatment of established
PONYV, with doses as low as 6.25 mg being as effec-
tive as higher doses and associated with less seda-
tion?7?78 (evidence A2). In 2006, the Institute of Safe
Medication Practices (ISMP) issued a safety alert
with regards to the administration of promethazine
by injection; this is followed by an FDA issued black
box warning in 2009. The warning indicated a risk
that the drug can leach out from the vein during IV
administration and cause serious damage to the sur-
rounding tissue. In addition, injecting promethazine
in an artery or under the skin can cause severe tis-
sue damage including gangrene. As a result of these
risks, the FDA stated that deep intramuscular admin-
istration is the preferred route of administration. The
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warning also states that if IV administration is cho-
sen, a properly functioning IV line should be ensured,
and infusion should be given in a concentration no
greater than 25 mg/mL and at a rate not to exceed
25 mg/min.>9280

Anticholinergics. Transdermal scopolamine is effective
for PONV prophylaxis in PACU and for 24 hours
postoperatively, with NNT = 6. Onset of effect is 2—4
hours, and can be applied presurgery or the night
before. Adverse events are generally mild, most
commonly visual disturbances, dry mouth, and
dizziness (evidence A1).15415

Other Antiemetics.

Gabapentinoids-Gabapentin and Pregabalin. Given 1-2
hours before surgery, gabapentin 600-800 mg orally
has been shown to decrease PONV (evidence A1).281-28
In laparoscopic cholecystectomy, gabapentin reduced
pain severity, total morphine consumption, and PONV
(25.2% vs 47.6%). Nausea and vomiting decreased as
gabapentin dosage increased.?®>?** Preoperative gaba-
pentin in patients undergoing abdominal surgery
reduced PONV.?* Disadvantages of y-aminobutyricacid
(GABA) analogs include sedation, visual disturbances,
dizziness, and headache. Gabapentin was associated
with respiratory depression in patients undergoing lap-
aroscopic surgery.?®2 In 2019, FDA released a drug safety
communication warning against the risk of respiratory
depression when gabapentinoids are used in combina-
tion with central nervous system (CNS) depressants
such as opioids; when used as a part of the multimodal
analgesic regimens, intraoperative opioids should be
reduced and increased vigilance for may be warranted,
especially in elderly patients.?

Midazolam. Meta-analysis showed a reduction in PON,
POV, and PONYV relative to controls after midazolam
administration at induction (evidence A1).28” There
was no significant difference in PONV between mid-
azolam and ondansetron given 30 minutes before the
end of surgery. However, this is not recommended due
to the possibility of sedation-related adverse events.
Midazolam combined with other antiemetics had
increased efficacy over single-agent therapy. Lower
and higher dose midazolam showed no difference in
PONV efficacy for prophylaxis efficacy.?®® The inci-
dence of PONV was significantly reduced after admin-
istration at the end of surgery.® Midazolam 2 mg
given 30 minutes before the end of surgery decreased
PONV and was as effective as ondansetron 4 mg.*°
Limited data suggest that midazolam has similar effi-
cacy to ondansetron in treating established PONV.*!

Ephedrine. Ephedrine 0.5 mg/kg IM given near end
surgery significantly reduces PONV for 3 hours
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postoperatively. Antiemetic effect and need for res-
cue are comparable to droperidol 0.04 mg/kg IM.
Sedation during ambulatory surgery recovery is sig-
nificantly less than placebo. Changes in mean arterial
blood pressure (BP) and heart rate (HR) were not sig-
nificantly different from placebo; caution should be
observed with patients at risk for coronary ischemia
(evidence A2).2922%3

Nonpharmacologic Prophylaxis.

Pericardium 6 Acupuncture Point (PC6) Stimulation. An
updated Cochrane review including 59 trials with
7667 subjects reported that PC6 stimulation was asso-
ciated with a significant reduction in the risk of nau-
sea, vomiting, and the need for rescue antiemetics
compared with sham treatment (evidence A1).>* The
review also included a comparison of PC6 acupoint
stimulation with 6 different types of antiemetic drugs
(metoclopramide, cyclizine, prochlorperazine, dro-
peridol, ondansetron, and dexamethasone), and found
no difference in nausea, vomiting, or need for rescue
antiemetics between PC6 stimulation and pharma-
coprophylaxis. Trial sequential analyses suggested that
further sham-controlled trials or RCT versus antiemet-
ics are unlikely to change the conclusion. On the other
hand, the evidence regarding the comparison of the
combination of PC6 stimulation with antiemetic drugs
compared to antiemetic drugs alone was of very low
quality and inconclusive. The combination was more
effective than antiemetic drugs alone for reducing vom-
iting and need for rescue antiemetics, but not nausea
(evidence A1).** Acupoint stimulation was effective
in reducing PONV regardless of whether stimulation
was initiated before or after induction in anesthesia.?®
Monitoring of neuromuscular function with stimula-
tion applied intraoperatively over the median nerve
is effective in reducing the incidence of early PONV,
especially with the use of tetanic stimulation.?6*”

In addition to PC6, stimulation of other acupoints
has also been used for PONV prophylaxis. One RCT
in 2014 reported that stimulation of both the PC6 and
L14 acupoints resulted in significantly lower inci-
dence of PONV compared to PC6 alone (69.6% vs
85.7%; P < .05).2® Another RCT reported that bilateral
acupuncture at the ST36 acupoint was associated with
significantly lower risk of PONV.?

Fluids. Adequate hydration is an effective strategy for
reducing the risk of PONV. This can be achieved by
minimizing perioperative fasting time, or using sup-
plemental IV fluid to maintain clinical euvolemia. A
recent Cochrane review showed that supplemental
crystalloids (10-30 mL/kg) reduce the risk of both
early and late PONV as well as the need for rescue
antiemetics (evidence Al).”> There is no difference
between crystalloids and colloids infusion on the risk
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of PONV or need for rescue antiemetics when compa-
rable volumes are used. However, a systematic review
reported that colloids were more effective in reducing
the risk of PONV in surgeries lasting >3 hours, but
not in those lasting <3 hours (evidence A1).” Dextrose
solutions infused intraoperatively or postoperatively
were not found to be effective in reducing the risk of
PONYV (evidence A1).3%

Carbohydrate Loading. Administration of a preop-
erative carbohydrate drink is included in many of
the ERPs. Studies investigating the impact of car-
bohydrate drink on PONV have reported incon-
sistent results, but overall, the evidence suggests
that it has no impact on the incidence of PONV
(evidence A1).3"

Aromatherapy. A recent Cochrane review evaluated the
use of aromatherapy for the treatment of PONV, and
found that, overall, aromatherapy did not reduce the
incidence or severity of nausea, but reduced the need
for rescue antiemetics. However, the level of evidence
was low. When investigating different types of aroma-
therapy, the review found that peppermint aromather-
apy was no more effective than placebo in reducing
nausea severity at 5 minutes, but isopropyl alcohol aro-
matherapy resulted in shorter time to 50% reduction
in nausea severity, less need for rescue antiemetics, but
no difference in patient satisfaction. On the other hand,
isopropyl alcohol vapor inhalation did not reduce the
need for rescue antiemetics (evidence A1).3%

Ginger. A meta-analysis investigating the efficacy of
ginger for PONV prophylaxis reported no reduction
in the incidence of PONYV, but a small reduction in
nausea scores. A subgroup analysis according to dose
suggested a trend for better outcomes with higher
doses of 1000 mg ginger compared to lower doses, but
differences were not statistically significant, so more
data are needed (evidence A1).33

Supplemental Oxygen. A meta-analysis found that
high inspired oxygen concentration was not found
to reduce the incidence of the composite outcome
of PONV, but had a weak effect on late nausea. In
patients who received inhalation anesthetics and no
prophylactic antiemetics, high inspired oxygen con-
centration reduced both late nausea and vomiting,
but the effect was modest (evidence A1).3%

Chewing Gum. Chewing gum is showing promise for
the treatment of PONYV, with 1 small pilot study sug-
gesting that chewing gum was not inferior to ondan-
setron for the treatment of PONV in female patients

who underwent laparoscopic or breast surgery under
GA (evidence A3).3%
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Others. Suggestive techniques (evidence A1)% heal-
ing touch (evidence A3),*” and music (evidence A3)%%
were not found to be effective prophylactic modali-
ties for PONV. Morinda citrifolia Linn (Noni fruit) was
found to be effective in reducing the incidence of
early nausea when used in a dose of 600 mg (evidence
A3).3% Administration of a low-dose naloxone infu-
sion reduces postoperative nausea and the need for
rescue antiemetics (evidence A1).31°

Combination Therapies. In the review of studies
on combination therapy in adults since the last
Consensus Guideline, the panel determined that
the recommendation remains unchanged. The panel
found supporting evidence for the existing guideline
and continues to recommend combination antiemetic
therapy for patients at higher risk for PONV. The
literature on combination of 2 or more antiemetics for
prevention of PONV is robust and shows superiority
over single agents for the majority of studies (evidence
Al)'158—163,165,]66,168—170,172,174,176,177,180—187,189,190,195,261,311—320 The
use of combination therapy for prevention of PONV
in adults is firmly established in current anesthesia
practice.

New antiemetic combination therapies have been
reported. These include palonosetron 0.075 mg and
dexamethasone 4 or 8 mg.!%%?432132 This regimen
was studied in several recent trials, with conflicting
results. Bala et al'®* and Cho et al'®! found that palono-
setron combined with 8 mg dexamethasone achieved
significance for complete response or lower incidence
of PONV over palonosetron alone while other stud-
ies reported no significant difference compared to
palonosetron alone.!782432132232%5 However, additional
studies did show palonosetron in combination with
other agents was efficacious.’®-1¢* Most notably, palo-
nosetron plus dexamethasone had lower PONV than
ondansetron plus dexamethasone (evidence A3)3%%
and palonosetron plus aprepitant had lower PONV
than ramosetron plus aprepitant (evidence A3).'?
Although the evidence is mixed on palonosetron
alone versus palonosetron in combination, further
research is needed with palonosetron in combination
with other agents for prophylactic therapy.

The 5-HT; receptor antagonists are commonly used
alone or in combination with dexamethasone 4 or § mg,
and form the cornerstone of antiemetic prophylaxis
for surgery (evidence Al). In a 2016 meta-analysis, 17
RCTs were assessed with 1402 study participants on
combinations of 5-HTj; receptor antagonists and dexa-
methasone. The results were that the combination
therapy resulted in significantly reduced risk of PONV
and lower rescue antiemetic requirement compared
to 5-HT; receptor antagonists alone. In the subgroup
analyses of individual 5-HT; receptor antagonists,
dexamethasone in combination with ondansetron and
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palonosetron significantly reduced 24-hour PONV
compared to 5-HT; receptor antagonists alone; the
authors noted the data were insufficient for ramose-
tron and granisetron to reach a conclusion.'®

Granisetron and tropisetron combinations were
less frequently studied (evidence A2) and none of the
evaluated studies included dolasetron as an agent for
combination.'-1¢177 This is likely due to removal of
dolasetron’s different product presentations from the
market in certain countries centered on concern for
risk of developing arrhythmia. In a 2017 study of 1350
large and small bowel patients, the authors found
the addition of a single dose of 8 mg dexamethasone
combined with a routine antiemetic (most commonly
ondansetron) significantly reduced the incidence of
PONV at 24 hours and the need for rescue antiemetics
for up to 72 hours with no increase in adverse events.*

The previous guidelines concluded that aprepitant
40 mg in combination with dexamethasone was supe-
rior to ondansetron with dexamethasone in prevent-
ing vomiting in neurosurgical patients.> Two studies
have reported that aprepitant plus ondansetron is
significantly more efficacious than ondansetron alone
(evidence A2).170171 Aprepitant 40 mg orally in combi-
nation with dexamethasone is more efficacious than
ondansetron with dexamethasone.® In a recent study
comparing aprepitant alone to aprepitant plus sco-
polamine patch, there was no difference in complete
response between the groups.’”” Many of the studies
used higher doses of aprepitant (80 vs 40 mg) which
was not as common in the 2014 guidelines.!72174175318

Antihistamines exhibit antiemetic benefit but are
used less frequently than others in combination thera-
pies, due to concern of possible sedation. Betahistine
is a strong Hj; receptor antagonist, and 2 studies com-
pared betahistine plus ondansetron to ondansetron
only for prophylaxis. Both reported significantly
less PONV with the combination prophylaxis.!$182
Kizilcik et al'** compared dexamethasone 8 mg plus
dimenhydrinate 1 mg/kg to dexamethasone 8 mg
plus ondansetron 4 mg, and reported that dexametha-
sone plus dimenhydrinate was more effective.

Our review of the recent literature found limited
number of combination studies that included dro-
peridol.'761773% Matsota et al'”® found droperidol plus
ondansetron is more effective than either agent alone.

Several studies have reported that midazolam,
when used in combination with antiemetic agents,
further decreased PONV.1¢7184189,190315319331  Grant
conducted a meta-analysis of midazolam on PONV
with a subgroup analysis of midazolam as part of
combination therapy and showed increased efficacy
over single-agent therapy alone (evidence Al). Grant
determined it is likely that PONV can be prevented at
subhypnotic doses (<0.05 mg/kg) without the many
common side effects associated with higher dose
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midazolam.?® Nevertheless, caution is advised in
using midazolam for PONV.

In a clinical trial of 1147 patients, the combination
of amisulpride with ondansetron or dexamethasone
was more effective than ondansetron or dexametha-
sone alone in reducing PONV and rescue antiemetic
requirement (evidence A3).26!

Combination therapy research using more than 2
agents is emerging. Examples of triple agent combina-
tions include aprepitant 80 mg + dexamethasone 4-8
mg + ondansetron 4 mg regimen was superior over
the dual combination of dexamethasone + ondanse-
tron in patients receiving TIVA combined with neur-
axial blockade for elective laparoscopic surgery'’s;
haloperidol 2 mg + dexamethasone 8 mg + ondanse-
tron 8 mg which reduced PONV and need for rescue
over a single agent but did not show improved effi-
cacy over the 2 agent combination for all end points'®;
dexamethasone 8 mg + ondansetron 4 mg + droperi-
dol 0.625 mg was compared to placebo and reduced
PONV 0-6 hours.*? More research is needed for
investigating efficacy using 3 or more pharmacologi-
cal agents prophylactically. Additionally, close moni-
toring should be considered for possible added risk of
side effects with the use of multiple agents.

Although recent evidence continues to support
the use of 2 or more antiemetics, there has not been
sufficient evidence to guide the clinician to select
the most effective individual antiemetic that pro-
vides the optimal combination over other combina-
tion therapies with the exception of using agents
from a different pharmacologic class.**® The selection
of agents from a different pharmacological class is
still recommended to cover different receptor sites
to optimize the antiemetic effect. The exact mecha-
nism is neither clearly established nor is it clear as
to which receptor site(s) is/are triggered in a patient
undergoing surgery and anesthesia. Both nausea
and vomiting may be prompted through a variety
of central and peripheral mechanisms. Additionally,
the least effective optimal doses to be used in the
antiemetic combination have not been clearly iden-
tified. The studies in the latest review have used a
variable range of dosing strategies such as the use of
weight-based dosing versus single standard dosing.
In some studies, use of higher dosages than the FDA-
approved dosing has often been used. The higher
dosing found in the current studies are 8 vs 4 mg
dexamethasone, 80 vs 40 mg aprepitant, 8 vs 4 mg
ondansetron, 1.25 vs 0.625 mg droperidol, and 10 vs
5 mg tropisetron.158,160—162,169,172,174,176,180,182,261,311—313,316—319

Finally, several studies have reported the use of
nonpharmacological interventions as part of the com-
bination therapies. Chen et al*®” conducted a study of
patients undergoing laparoscopic surgery receiving
placebo, IV ondansetron, bilateral ST36 acupuncture,

ANESTHESIA & ANALGESIA



187ZIMNZIDBPXZOBBAR0ATOAEIOYIASALLIAIPOOAEIEAHIOII/AD AUMY TXOMADYOINX OH

1SABZIYTCH+erNIOITWNOTIZTARY HAOGHA QUG Aq eisableue-eisayisaue/wod mm| sfeulnol//:dny woly papeojumod

¥¢0¢/6¢/1T uo

Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

=2 SPECIAL ARTICLE

or both. Another study compared the use of (1) dexa-
methasone 4 mg IV, (2) acupuncture in the PC6 point,
(3) combination of dexamethasone and acupuncture,
and reported that the combination was associated with
significantly lower incidence of PONV than either
intervention alone.!”! White et al'®> compared the use
of a disposable acupressure device or a sham device
applied to PC6, in combination with 4 mg dexametha-
sone and 4 mg ondansetron, and found that addition
of PC6 acupressure significantly reduced the risk of
PONYV up to 72 hours postoperatively (12% vs 30%; P
= .03). Two recent meta-analyses regarding acupoint
stimulation for PONV prophylaxis both concluded
that the quality of evidence for the use of acupoint
stimulation as a part of combination therapy is low
due to study limitations and heterogeneity.?*+334

Cost-Effectiveness. With rising health care costs, the
cost-effectiveness of therapy should be considered in
determining appropriateness of PONV prophylaxis.
Proper pharmacoeconomic analysis can also assess the
value of using 1 particular drug or drug combination
compared to another, taking into consideration both the
cost of drugs and patient care.!”!*% Many studies have
evaluated the cost-effectiveness of different PONV
prophylaxis therapies.'13%53% However, the majority
of these studies are limited by variable methodologies,
small sample size, and historically high drug costs as
they were performed before the availability of generic
antiemetics.®*2% One point to consider in cost-effective
analysis is that for every antiemetic intervention, the
absolute risk reduction (ARR) and therefore NNT
depends on the relative risk reduction (RRR), which
represents the efficacy of the intervention, but also
the control event rate (CER), which in this case is the
incidence of PONV. As a result, the higher the baseline
incidence of PONYV, the lower the NNT would be for
any antiemetic intervention. This supports the use
of a risk stratification system in optimizing the cost-
effectiveness of PONV prophylaxis.>3!

According to established guidelines, cost-effective
analyses should be conducted from both the health
care sector perspective and the societal perspec-
tive.323% Willingness to pay is a reliable measure of the
patient perspective in cost-benefit analyses.**¢ Studies
by Macario et al** and Gan et al**” found that patients
are willing to pay approximately $30 to prevent PONYV,
while Diez*® found parents are willing to spend
approximately $80 to prevent PONV in their children.
On the other hand, Dzwonczyk et al**¢ found that the
average hospital cost and charge per antiemetic drug
dose were $0.304 and $3.66, respectively. Thus, the
average charge to the patient for 3 antiemetic doses was
<$11. From a health care sector perspective, the authors
found that the hospital’s net profit increased linearly
with increased PONV prophylaxis administration.3%
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Modifying the anesthetic regimen can be a cost-
effective strategy.®* A study by Elliott et al** showed
that using propofol for induction and isoflurane for
maintenance of GA was associated with the lowest
cost per episode of PONV avoided than an induction/
maintenance combination of either propofol/sevo-
flurane or sevoflurane/sevoflurane. However, given
availability of generic sevoflurane, this cost analysis
may show different results today. It may also prove
cost-effective to reduce baseline risk through opioid
minimization. Marrett et al*' reported that patients
receiving oral immediate-release opioids in outpatient
setting had higher risk of hospitalization, emergency
department, and clinic visits, as well as higher health
care costs due to nausea and vomiting.®'

High emetogenic surgeries are associated with lon-
ger PACU stays and costs.?¥ It is estimated that each
episode of emesis delays discharge from the PACU
by approximately 20 minutes.*® While it may appear
significant from the patient’s perspective, the impact
from the health care cost perspective is uncertain. In a
retrospective study of patients undergoing ambulatory
surgery, Dexter and Tinker®® showed that the length
of PACU stay for all patients would only have been
reduced by <5% if PONV had been eliminated in this
patient population. Parra-Sanchez et al**® performed a
time-motion economic analysis of PONV in patients
undergoing ambulatory surgery. The authors prospec-
tively followed 100 ambulatory surgery patients from
the time of surgery through the third postoperative
morning. The authors found that patients who expe-
rienced PONV following ambulatory surgery, 60% of
them experienced symptoms following discharge. On
average, patients with PONV spent 1 hour longer in
the PACU, required more nursing time, and incurred
greater total cost. PONV was associated with an
adjusted incremental total cost of $74. In bariatric sur-
gery patients, PONV is one of the most common causes
of unplanned readmission.** PONV does not seem to
have a measurable impact on rate of unanticipated
admission, physician visits, or time to return to nor-
mal activity®*¥ However, the development of PONV
is associated with significantly lower postoperative
quality of life’* while high-risk patients demonstrate
higher satisfaction with PONV prophylaxis.®®

While there is extensive evidence that multimodal
prophylaxis is clinically effective, the evidence on
cost-effectiveness is limited. More cost-effectiveness
analyses are needed on PONV management.

Guideline 4. Administer Prophylactic Antiemetic
Therapy to Children at Increased Risk for POV/
PONV; As in Adults, Use of Combination Therapy
Is Most Effective

Based on the POV /PONYV risk, there are specific rec-
ommendations for prophylaxis in children. Thus,
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when the risk is extremely low and the surgeries last
<30 minutes, one may refrain from administering anti-
emetic prophylaxis. On the other hand, prophylaxis
is recommended with increase in risk as suggested
in Figure 4, with combination therapy for children
considered high risk for POV/PONV. Intraoperative
steroids in combination with 5-HT; receptor antago-
nists have the strongest evidence in children. Rescue
drugs should be reserved only for those in whom pro-
phylaxis has been only partially helpful. Antiemetic
drugs and dosages for POV/PONV prophylaxis in
children are summarized in Table 6.

Propofol. There are now multiple systematic reviews
that support the use of propofol TIVA as an effective
intervention for reducing baseline risk of PONV in
children undergoing strabismus surgery (evidence
A1l). A meta-analysis including 558 patients <18 years
of age undergoing GA for strabismus surgery assessed
the rates of POV with TIVA compared to single
pharmacologic prophylaxis. The incidence of POV was
similar among both groups.’®* A second meta-analysis
of 762 children in 9 RCT’s comparing propofol TIVA
to no pharmacologic prophylaxis supported previous
findings of reduced rates of emesis in the propofol
group.'™ However, both reviews showed a significant
risk of oculocardiac reflex and bradycardia requiring
intervention in the TIVA groups (evidence Al).!04%:2
The increased rates of oculocardiac reflex in propofol
infusion groups have been previously reported in both
the adult and pediatric populations and are presumed
to be related to the parasympathomimetic effect of
propofol.1%3% The incidence of this reflex in children is
likely more pronounced due to naturally higher vagal
tone. While TIVA is an effective antiemetic intervention
in children, the benefits of antiemetic prophylaxis with
propofol TIVA need to be weighed with the increased
risk of bradycardic events in this group. However, this
risk may be overcome with glycopyrrolate that also
reduces nausea and vomiting.

NK1 Receptor Antagonists. We identified one new dose-
finding multicenter double-blinded RCT assessing
the safety and efficacy of aprepitant in the pediatric
population (evidence A3). Salman et al** randomized
220 children (ages birth-17 years) to 10, 40 (adult
recommended dose), or 125 mg of aprepitant and 0.1
mg/kg IV ondansetron. The authors reported that
complete and partial response rates were comparable
between the 10, 40, 125 mg dosing groups, which were
similar to that of the ondansetron group. There was
also no significant difference between the 4 groups in
terms of adverse events.?*

5-HT; Receptor Antagonists. There has been a large
body of literature previously reporting the safety and
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Table 6. Antiemetic Doses for Prophylaxis of POV/

PONV in Children

Drug Dose Evidence
Aprepitant 3 mg kg™ up to 125 mg A33%6
Dexamethasone 150 pg kg up to 5 mg A1196
Dimenhydrinate 0.5 mg kg™t up to 25 mg A1124
Dolasetron 350 ug kg™ up to 12.5 mg A2357
Droperidol? 10-15 pg kg™t up to 1.25 mg A1132
Granisetron 40 pg kg™ up to 0.6 mg A2358
Ondansetron® 50-100 pg kg™t up to 4 mg A1359
Palonosetron 0.5-1.5 pg kg A2360.361
Tropisetron 0.1 mg kg™* up to 2 mg A1157

These recommendations are evidence-based and not all the drugs have an
FDA indication for PONV. Drugs are listed alphabetically.

Abbreviations: FDA, Food and Drug Administration; PONV, postoperative
nausea and vomiting; POV, postoperative vomiting.

aSee FDA black box warning. Recommended doses 10-15 pg/kg.

®Approved for POV in pediatric patients aged >1 mo.

efficacy profiles of multiple 5-HT; receptor antagonists
in the pediatric population with ondansetron being
the most recognizable pharmacologic agent in this
class (evidence A1).3* Recent adult literature has
suggested that palonosetron, a newer generation
5-HT; receptor antagonist may be more effective
at reducing PONV due to its longer half-life than
other common 5-HT; receptor antagonists. Two
dose-finding studies with palonosetron have since
been published in children. Two hundred eighty-six
children undergoing GA for dental procedures were
randomized to 4 different dosing regimens of 2.5, 5.0,
7.5 pg or placebo. Compared to the placebo group,
PONV was significantly lower in all palonosetron
doses with no intergroup variability in rates of PONV
or adverse drug events. A single 2.5 ng IV dose of
palonosetron warrants further evaluation and efficacy
comparisons to ondansetron and combination therapy
regimens.’® A second study randomized 150 children
into palonosetron dosing regimens of 0.5, 1.0, 1.5 pug/
kg and found significant reductions in PONV rates in
all groups, but there were no significant differences
between dosing ranges.®* Both studies suggest
palonosetron may be an effective antiemetic in
children with minimal adverse effects, but a minimum
effective dose has yet to be established (evidence A2).

Dexamethasone and Combination Therapy. Dexamethasone
(0.15 mg/kg) is a safe and efficacious antiemetic that
has been well studied in children. A meta-analysis
of 13 RCT’s and 2000 patients found significantly
reduced rates of PONV in children receiving single
pharmacologic prophylaxis with dexamethasone.
This same study also found a greater reduction when
combined with ondansetron (evidence Al, Table 5).1%
There is now conflicting evidence with regards
to combination therapy of dexamethasone when
combined with droperidol. A double-blinded RCT
evaluating 300 children scheduled for tonsillectomy
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found the combination of dexamethasone (0.25 mg/
kg) and ondansetron (0.15 mg/kg) to be more effective
than the combination of dexamethasone (0.25 mg/kg)
and droperidol (10 ng/kg).3 A second study evaluated
triple combination therapy of dexamethasone (0.125
mg/kg), ondansetron (0.1 mg/kg), and droperidol
(50 pg/kg) and found no difference in efficacy when
compared to the combination of dexamethasone
and ondansetron alone.®® Both studies suggest that
droperidol may be of limited efficacy in children.

Nonpharmacological Therapies in Children. In a recent
study, Moeen®” studied the adequacy of acupuncture
for tonsillectomy in a prospective randomized
double-blind study involving 120 ASA physical status
I-1II children aged 2-8 years. One group received
0.15 mg/kg of dexamethasone immediately after
induction along with sham acupuncture at point PC6
bilaterally and also CV13. The other group received
saline placebo and real acupuncture bilaterally. There
was no difference in vomiting at 0-6, 624, and 24
hours postoperatively (evidence A3).

Guideline 5. Provide Antiemetic Treatment

to Patients With PONV Who Did Not Receive
Prophylaxis or When Prophylaxis Failed

When PONV prophylaxis has failed, patients
should receive antiemetic treatment from a differ-
ent pharmacological class to the PONV prophylaxis.
Administering repeated dose of antiemetics from
the same class within 6 hours does not confer addi-
tional therapeutic benefit when compared to placebo
(evidence A2).%83% If more than 6 hours has elapsed,
administration of a second dose of 5-HT; receptor
antagonist or butyrophenone may be considered if no
other alternatives are available.3%

In patients who did not receive PONV prophylaxis,
5-HT; receptor antagonists such as ondansetron and
ramosetron remain the first-line pharmacotherapy for
treating established PONV. Recommended treatment
rescue antiemetic regimens include ondansetron at 4
mg dose administered orally or IV,*® ramosetron at
0.3 mg IV,?"® granisetron 0.1 mg and tropisetron 0.5
mg,*”" as well as promethazine 6.25 mg IV.27?7% In an
RCT comparing ondansetron 4 mg to haloperidol 1
mg, the authors reported largely comparable treat-
ment response. However, the haloperidol cohort
demonstrated significantly more sedation.?’

There is also emerging evidence for the use of NK1
receptor antagonist in treating established PONV.
Vestipitant, at the doses of 4-36 mg, has demonstrated
noninferiority when compared to ondansetron in
patients who failed PONV prophylaxis.?*

Other options for treating established PONV
include amisulpride 5-10 mg'® and droperidol
0.625 mg IV.3! The use of propofol 20 mg as a rescue
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antiemetic in the PACU setting has been reported in
the past; however, the therapeutic effect is likely to be
brief and should be used with caution.372%7

Several studies have shown that combination ther-
apy with multiple antiemetics may be more effective
in treating established PONV. For example, ondanse-
tron + droperidol + dexamethasone is more effective
than ondansetron + droperidol**?; and palonosetron
+ dexamethasone is more effective than palonose-
tron alone.!®! In addition, midazolam 30 ug/kg plus
ondansetron was superior to ondansetron alone.?!
There is currently limited evidence as to what is the
optimal combination therapy for established PONYV,
therefore clinician discretion is advised, and the
antiemetics used in combination therapy should be
selected from different classes.

A Cochrane review on the use of aromatherapy for
the treatment of PONV reported that isopropyl alco-
hol therapy appears to reduce the duration as well as
the severity of nausea compared to placebo and con-
ventional pharmacotherapy.*® Another SRMA inves-
tigated the use of ginger for the treatment of PONYV,
and reported a small reduction of nausea score with
ginger compared to placebo.’® Coloma et al** con-
ducted a clinical trial which compared the use of PC6
acupressure, ondansetron, or both for the treatment
of established PONV after laparoscopic surgeries,
and found that PC6 acupressure was comparable to
ondansetron for the treatment of established PONY,
and combination of PCé acupressure and ondanse-
tron was associated with significantly higher response
rate.

In addition to providing rescue antiemetics in
patients experiencing PONV, patient should be evalu-
ated for reversible causes of PONYV, such as excessive
opioids, mechanical bowel obstruction, or blood in
the pharynx.?

Postdischarge Nausea and Vomiting. It is estimated
that in ambulatory surgeries, approximately 17%
of patients experience nausea and 8% of patients
experience vomiting after discharge. Despite earlier
data suggesting that TIVA may be associated with
lower incidence of PDNV,?”> a recent SRMA concluded
that TIVA and volatile anesthesia were associated
with comparable risk of PDNV.%7¢

There has been limited new evidence on the pre-
vention of PDNV since the last consensus guideline.
The current evidence supports the use of multimodal
antiemetics for the prevention of PDNV. An RCT
compared the use of IV ondansetron alone to IV dexa-
methasone, IV ondansetron and ondansetron tablet
after discharge, and reported significantly lower rate
of PDNV in the latter.”” Other trials have compared
ondansetron monotherapy to combination therapy of
ondansetron plus NK1 receptor antagonist (aprepitant
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and casopitant) and reported that combination ther-
apy was associated with significantly lower rate of
PDNV,'?170 while haloperidol plus dexamethasone
was associated with lower rate of PDNV than either
agent alone.’®

Guideline 6. Ensure General Multimodal PONV
Prevention and Timely Rescue Treatment Is
Implemented in the Clinical Setting
This section was introduced at the second iteration of
this consensus to emphasize the importance of imple-
menting PONV prevention and treatment strategies
in the clinical setting. While risk-adapted protocols
are more cost-effective and will likely lead to better
patient outcomes when implemented successfully
(B2),% the compliance with such protocols may not be
optimal in a busy clinical environment. Indeed, there
is still evidence that implementation is the weak-
est part in the process from generating evidence to
improving health care. Recent publications concluded
that “Adherence to PONV prophylaxis guidelines
. is still remarkably low,”¥” with less than half of
medium to high-risk patients receiving the appropri-
ate prophylaxis.® Similar findings were reported in
the pediatric population.®! Since the 2014 consensus
guideline, our expert consensus recommendation has
been that general multimodal PONV prophylaxis
should consist of at least 2 PONV prevention inter-
ventions for all patients.>'?

Adoption of a multimodal prevention strategy as
the de facto practice has several advantages. It mini-
mizes the risk that moderate- to high-risk patients
receive suboptimal prophylaxis, and it also minimizes
the risk of low-risk patients receiving single treatment
that is not effective for the individual.’®%2 In addition,
general adoption of a multimodal prevention strate-
gies may facilitate clinical implementation of PONV
guidelines,’® and have been used successfully in a
number of other ERPs.343%

In this iteration of the guideline, we have reduced
the threshold for administering multimodal PONV
prophylaxis to patients with any risk factors, based on
expert consensus, with the aim of making multimodal
PONV prophylaxis an integral part of anesthesia®?
(Figure 6). In accordance with the recommendations
made in this update (guidelines 3 and 4), we would
also suggest, based on expert consensus, that high-
risk male patients should receive 3 or more antiemetic
prophylaxis (eg, “always sick after anesthesia” or pre-
senting with 3 or 4 risk factors).

Clinical PONV Protocols and Algorithms to Implement
PONV Policies. We recommend that PONV
management protocols or algorithms should make
it clear that the individual’s risk of PONV should
be assessed to identify the high-risk patients who
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may require additional prophylaxis.? In addition
to the patient’s level of PONV risk, the PONV
management strategy should take into account
patient’s choice, cost-effectiveness of the treatment at
the institution, and patient’s preexisting conditions
(such as the risk of prolonged QT, Parkinson, and
closed-angle glaucoma).? This would minimize the
risks associated with antiemetic administration,
while ensuring that high-risk patients are managed
appropriately; and is likely to be the most cost-
effective strategy.

Clinical Effectiveness of PONV Protocols. While the
intrinsic  efficacy of an intervention is fairly
consistent, effectiveness is influenced by institutional
compliance,® disparity between the 2 contributes
to the gap between advances in PONV research
and the persistent incidence of PONV in clinical
practice. Despite the efforts to make PONV
management guidelines readily available, its clinical
implementation remains poor in both adults and
pediatric populations.®3% With the expanding role
of the electronic medical record systems, some have
suggested using of electronic reminders to improve
the adherence to PONV guidelines.?3%

Timely treatment of PONV requires vigilance
by the health care providers. However, it has been
shown that PONV symptoms are frequently missed,
particularly nausea. One observational study has
reported that only 42% of PONV episodes were rec-
ognized in the PACU, with 29% recognized in surgi-
cal units.3’!

It has been shown that even with intensive train-
ing and education, the tendency to continue with de
facto standard practice continues, and the adherence
to risk-adapted PONV management protocol remains
poor (between 35% and 50% compliance).¥*3* This
makes it unlikely that lack of education is the cause for
deviation from guidelines. Identifying and address-
ing the resistance to change seems to be the key in
implementing guidelines effectively.

The Acquisition Costs of Antiemetics. The cost of
antiemetic medications is a key factor to consider
when designing a PONV management guideline,
and the cost can vary significantly depending on
the country, as well as the price negotiation of the
individual institution. Since the last iteration of our
consensus guideline, generic versions of palonosetron
have become commercially available in the United
States; this will likely have significant impact on its
cost-effectiveness as well as the clinical utilization.

Potential for Adverse Effects. The adverse effects
of antiemetics have been studied and reported
in numerous clinical trials.?> Using the lowest
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recommended dose of antiemetics whenever possible
and taking into account the patients’ medical history
and drug class-specific adverse effects should limit
the incidence of adverse effects.

Clinical Applicability and Compliance With Guideline. To
minimize the incidence of PONV at an organizational
level, introduction of PONV management guideline
needs to be followed by regular compliance
and outcome measurements. This will allow for
improvement of the guideline as well as its adherence
in the clinical setting.

To further add to the acceptance of combination
therapy for the prevention of PONYV, the Centers for
Medicare & Medicaid Services (CMS) in the United
States has established a quality measure for the pur-
pose of reducing the incidence of PONV through a
merit-based incentive payment system (MIPS). MIPS
430 identifies the percentage of adult patients who
undergo a surgical procedure with 3 or more risk fac-
tors for PONV and have received combination ther-
apy of at least 2 antiemetic agents of different classes.
CMS cites the 2014 Consensus Guideline as the clini-
cal recommendation statement used in establishing
the measure.**

Guideline 7. Administer Multimodal Prophylactic
Antiemetics in Enhanced Recovery Pathways
Place of the PONV Management in the General
Framework of ERPs. Enhanced recovery is an evolving
perioperative care concept.*>% In 2016, the American
Society for Enhanced Recovery (ASER) released
an Expert Opinion Statement concluding that “all
patients should receive PONV prophylaxis during the
perioperative period. The number of medications used
for treatment and prophylaxis should be determined
by the number of modifiable and nonmodifiable risk
factors; medications used should represent different
mechanisms of action in an attempt to achieve
multimodal benefit.”*” The panel agrees with the
statements.

PONV Management in ERPs Specific to the Type of Surgery.
ERPs for various types of surgery include specific
recommendations for PONV management.373%
Interventions which reduce the baseline emetogenic
risk factors, such as the use of propofol TIVA,
minimal preoperative fasting, carbohydrate loading,
adequate hydration, and the use multimodal opioid-
sparing analgesia are recommended.*” Similar to our
general recommendation, we recommend that all ERP
patients should receive at least 2 agents for PONV
prophylaxis, with additional antiemetics in patients
who are high risk. Treatment of established PONV
should be prompt and aggressive.*® For each surgery
type, the emetogenicity of the procedure, availability
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of effective RA technique, and expected course of
postoperative recovery should be considered to
optimize the management of PONV.

The introduction of a colorectal ERP with general
multimodal PONV prophylaxis significantly reduced
the rate of PONV*"! and may reduce the risk of read-
mission.*”? Several enhanced recovery consensus
guidelines recommend the implementation of general
multimodal prophylaxis with baseline risk reduction
interventions for the prevention of PONV in patients
undergoing gastrointestinal surgery.*®4% The ERPs
for colorectal surgery patients are applicable to pan-
creatic surgery.4>40

In breast surgery for cancer, a literature review*"”
confirms that the use of a paravertebral block (PVB)
before the surgery reduces the incidence of PONV.%%
The same s true for the pectoral nerves block (PECs).*%
Other effective interventions include non-opioid anal-
gesia and multimodal PONV prophylaxis.z8410411

In orthopedic surgery, there are limited prospective
data on PONV management in the context of ERPs,*?
as pain and weakness are the main reason for delayed
postoperative discharge.*® In a prospective before-
and-after study (103 vs 105 patients), introduction of
perioperative interventions, including multimodal
analgesia, opioid-sparing analgesia, and general anti-
emetic prophylaxis significantly decreased PONV on
POD 1 (relative risk = 0.57, 95% confidence interval
[CI], 0.43-0.76).41

For gynecologic/oncologic surgery, general mul-
timodal PONV prophylaxis is again recommended;
regional interventions (eg, TAP blocks) may decrease
opioid use and postoperative pain, but this may
not directly translate into a PONV advantage in all
CaseS.“S’“é

For CD, specific risk factors include neuraxial
anesthesia, hypotension, reduced cardiac output from
aortocaval compression, surgical stimulation, use of
uterotonics, and post-CD analgesia with neuraxial
opioids. A multimodal approach to PONV prevention
is the standard of care.*”

In radical cystectomy for bladder cancer, the
ERAS Society recommendations related to PONV
include the use of minimally invasive surgery, early
oral intake, liberal use of antiemetics, chewing gum,
prokinetic agents, and opioid-sparing analgesia to
minimize PONV and postoperative ileus.*'® Besides
antiemetics, Doppler-guided fluid management
reduces PONV*? as does the stenting of the ure-
teroileal anastomosis. #0422

A recent prospective observational study on ERPs
after cardiac surgery reported that regular IV ondan-
setron prophylaxis for the first 48 hours did not reduce
POV and only lower incidence of nausea on POD 3,
suggesting the need for a multimodal approach.*?
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In laryngeal surgery patients, PONV prophylaxis
with IV ondansetron (4 mg) and dexamethasone (4
mg) 2 hours before the end of surgery is effective.***

In multilevel spinal surgery, implementation of a
multimodal analgesia and multimodal PONV man-
agement protocol significantly reduce postoperative
complications, including PONV.%!

In summary, the PONV management strategies
implemented in the published ERPs are largely simi-
lar to the principle of risk reduction, prophylaxis, and
treatment discussed in our consensus guideline. It is
therefore the panel’s consensus that the content of our
guidelines could be applied to ERPs.

Research Agenda for PONV

Since the publication of the previous consensus guide-
line, there have been significant research projects for
the management of PONV, particularly around the
newer antiemetics such as amisulpride, palonosetron,
and NKI1 receptor antagonists, as well as research eval-
uating the role of PONV management as part of ERPs.

On the other hand, adherence to PONV prophy-
laxis protocols remains a significant challenge. As
recommended by our previous guideline and work of
others, the use of multimodal antiemetic strategy as
general prophylaxis is increasingly common.*382

However, there are very few studies directly
comparing the efficacy of a risk-based “restrictive”
antiemetic prophylaxis approach to a more liberal
multimodal antiemetic prophylaxis approach.

Since the last iteration of the guideline, a number
of new antiemetic combinations has been proposed.
However, the optimal multimodal prophylaxis regi-
men as well as the optimal number of antiemetics in
combination therapies remains unclear due to lack of
head-to-head comparisons.!¥17017128 Weibel et all®
are conducting a network meta-analysis on the effi-
cacy of monotherapies as well as combination thera-
pies, their findings will likely shed some light on the
efficacy comparisons between some of the combina-
tion therapies. There is also insufficient evidence to
determine the choice of optimal combination therapy
for the treatment of established PONV. Head-to-head
comparisons between common combination thera-
pies would be invaluable.

Another aspect that requires additional study is the
role of nonpharmacological interventions such as PC6
acupoint stimulation. While PC6 stimulation has been
shown to reduce the risk of PONYV, its added value as
part of multimodal treatment is unclear. In addition,
there are numerous modalities of stimulation, such
as needle acupuncture, acupressure, needle, or trans-
cutaneous electrical stimulation.?® Further research
is needed to distinguish between the efficacies of the
different stimulation modalities.
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Similarly, while perioperative supplemental fluids
have been shown to reduce the risk of PONYV, there is
conflicting evidence on the choice between colloids and
crystalloids.” In addition, the optimal volume and time
of administration are unclear. Additionally, liberal fluid
administration can also be associated with postopera-
tive complications.*® More studies are needed to assess
the risk-benefit profile of fluid therapy and PONV.

There is also emerging evidence that antiemetic effi-
cacy may be influenced by gene polymorphisms as
well as variation in gene expression (epigenetics).i2
For example, cytochrome P450 2D6 is involved in the
metabolism of several 5-HT; receptor antagonists, and
ultrarapid metabolizer phenotype may be associated
with reduced antiemetic efficacy of ondansetron, tropi-
setron, and others.*” Another example is the polymor-
phisms of the serotonin-transporter-linked polymorphic
region, which have been associated with increased risk
of PONV:#?# Dopamine receptor 2 gene polymorphism
has also been linked to increased risk of PONV.** More
studies are needed in this area. In addition, there are
studies which suggest an association between patient
ethnicity and the risk of PONV,* and additional stud-
ies are needed to confirm this association.

Finally,both the American Society of Anesthesiologists
Task Force on Acute Pain Management and our group
have advocated for using P < .01 as the significance level
for statistical analysis to minimize the risk of false-posi-
tive findings.? However, most recent studies have used
asignificance level of P < .05. We would strongly encour-
age prospective investigators to use a significance level
of P < .01, with confidence intervals, in future studies;
so the clinical relevance of the study findings could be
contextualized.

CONCLUSIONS

The wupdated PONV consensus guidelines are
designed to provide comprehensive evidence-based
clinical recommendations on the management of
PONYV in adults and children. Prevention of PONV
should be considered an integral aspect of anesthe-
sia, achieved through risk assessment, baseline risk
prevention, as well as pharmacoprophylaxis. One
major change in this iteration of the guideline is that
in adults, the panel consensus is now to implement
multimodal PONV prophylaxis in patients with 1 or
2 risk factors, in an attempt to reduce risk of inad-
equate prophylaxis. However, clinician discretion is
advised in assessing the benefits and risks of multi-
modal prophylaxis based on patient and surgical fac-
tors. Combination therapy should consist of drugs
from different classes, using minimum effective
doses, and the choice of drugs will be determined by
patient factors as well as institutional policy and drug
availability. In children, we still recommend the use of
multimodal PONV prophylaxis in those at moderate
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or high risk and recommend the use of a 5-HT; recep-
tor antagonist plus dexamethasone, with opioid and
volatile anesthesia sparing strategies as first-line
interventions.

In patients who develop PONYV, prior prophylaxis
administration should be assessed, and rescue treat-
ment should consist of drugs from a different class
than those used for prophylaxis. If more than 6 hours
have elapsed since the administration of a short-act-
ing antiemetic (such as ondansetron or droperidol), a
repeat dose could be considered if no other options
are available. Unlike PONV prophylaxis, the evidence
for the efficacy of PONV rescue treatments is limited,
both in terms of monotherapy and combination ther-
apy. However, more data are available for treatment
of established PONV (eg, amisulpride). Clinicians are
advised to use their judgment, considering the patient
factors, administration of prophylaxis, and institu-
tional drug availability.

PONYV management is a vital component of ERPs.
With multimodal PONV prophylaxis now recom-
mended for all adult surgical patients with any risk
factors, the panel recommends that the principles of
PONV management as discussed in this consensus
guideline should also apply to the management of
PONYV within ERPs.

At an institutional level, design and implementa-
tion of a PONV management protocol will need to
take into account the cost-effectiveness of treatments
and availability of drugs. As individual patients may
not respond to certain classes of antiemetics, we rec-
ommend that institutions should provide antiemetics
from at least 4 classes. In a busy clinical environ-
ment, implementation of a more liberal multimodal
prophylaxis with at least 2 drugs, and an additional
antiemetic in high-risk patients, as well as contin-
ued compliance monitoring may be a more judicious
approach in optimizing PONV care. 55

APPENDIX 1: PROFESSIONAL SOCIETY
ENDORSEMENTS
This set of guidelines have been officially endorsed by
the following professional organizations:

* American Society for Enhanced Recovery

* American Society of Health Systems Pharmacists

* American Society of Peri Anesthesia Nurses

* American Society of Anesthesiologists

* American Academy of Anesthesiologist Assistants

* American Association of Nurse Anesthetists

* American College of Clinical Pharmacy

e American College of Clinical Pharmacy Perio-

perative Care Practice and Research Network

* Australian Society of Anesthetists

* Brazilian Society of Anesthesiology

e Chinese Society of Anesthesiology
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* European Society of Anesthesiology

¢ Indian Society of Anesthesiologists

e Japanese Society of Anesthesiologists

¢ Korean Society of Anesthesiologists

* Malaysian Society of Anesthesiologists

* Royal College of Anesthesiologist Thailand

e Singapore Society of Anesthesiologists

* Society for Ambulatory Anesthesia

® Society of American Gastrointestinal and
Endoscopic Surgeons

e Society for Pediatric Anesthesia

¢ South African Society of Anesthesiologists

¢ Taiwan Society of Anesthesiologists

DISCLOSURES

Name: Tong J. Gan, MD, MBA, MHS, FRCA.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: T. J. Gan received honoraria from Acacia,
Edwards, Masimo, Medtronic, Merck, and Mallinckrodt. The
faculty received reimbursement for travel expenses attending
the meeting. No honorarium was provided.

Name: Kumar G. Belani, MBBS, MS.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: The faculty received reimbursement for
travel expenses attending the meeting. No honorarium was
provided.

Name: Sergio Bergese, MD.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: S. Bergese received funding from Acacia
for a previous Clinical Trial in Ohio State University. The fac-
ulty received reimbursement for travel expenses attending the
meeting. No honorarium was provided.

Name: Frances Chung, MBBS.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: F. Chung has received research support
from the Ontario Ministry of Health and Long-Term Care,
University Health Network Foundation, Acacia Pharma,
Medtronics grants to institution outside of the submitted work,
up-to-date royalties, STOP-Bang proprietary to University
Health Network. Speaker honorarium from Baxter Pharma.
The faculty received reimbursement for travel expenses attend-
ing the meeting. No honorarium was provided.

Name: Pierre Diemunsch, MD, PhD.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: P. Diemunsch is a member of the advisor
panel on airway management for Ambu, received research and
conference funding from Fisher & Paykel, received research
grants from Acacia Pharma, is a member of the ERAS advi-
sory panel for MSD, is an expert at the Court of Appeal for the
French Government. The faculty received reimbursement for
travel expenses attending the meeting. No honorarium was
provided.

Name: Ashraf S. Habib, MBBCh, MSc, MHSc, FRCA.
Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: A. S. Habib conducted funded research
for Pacira Biosciences, Avanos Medical Inc, and is a mem-
ber of the advisory board for Takeda. The faculty received

www.anesthesia-analgesia.org 433



187ZIMNZIDBPXZOBBAR0ATOAEIOYIASALLIAIPOOAEIEAHIOII/AD AUMY TXOMADYOINX OH

1SABZIYTCH+erNIOITWNOTIZTARY HAOGHA QUG Aq eisableue-eisayisaue/wod mm| sfeulnol//:dny woly papeojumod

¥¢0¢/6¢/1T uo

Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

Management of Postoperative Nausea and Vomiting

reimbursement for travel expenses attending the meeting. No
honorarium was provided.

Name: Zhaosheng Jin, MBBS, BSc.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: The faculty received reimbursement for
travel expenses attending the meeting. No honorarium was
provided.

Name: Anthony L. Kovac, MD.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: A. L. Kovac serves as a member of the
speaker’s bureau for Merck, Helsinn, Mundipharma, and
Acacia. The faculty received reimbursement for travel expenses
attending the meeting. No honorarium was provided.

Name: Tricia A. Meyer, PharmD, MS, FASHP, FTSHP.
Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: T. A. Meyer received funding from Acacia
and Neumentum. The faculty received reimbursement for
travel expenses attending the meeting. No honorarium was
provided.

Name: Richard D. Urman, MD, MBA.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: R. D. Urman received research fund-
ing from Merck; consulting fees and research funding from
Medtronic; consulting fees from Takeda; consulting fees and
research funding from Acacia; and consulting fees from Posimir.
The faculty received reimbursement for travel expenses attend-
ing the meeting. No honorarium was provided.

Name: Christian C. Apfel, MD, PhD.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: The faculty received reimbursement for
travel expenses attending the meeting. No honorarium was
provided.

Name: Sabry Ayad, MD, MBA, FASA.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: S. Ayad received funding from Pacira,
Medtronic, and Acacia. The faculty received reimbursement
for travel expenses attending the meeting. No honorarium was
provided.

Name: Linda Beagley, MS, RN, CPAN, FASPAN.
Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: The faculty received reimbursement for
travel expenses attending the meeting. No honorarium was
provided.

Name: Keith Candiotti, MD.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: K. Candiotti is a consultant and received
research support from Acacia, Pfizer, and Takeda. The faculty
received reimbursement for travel expenses attending the
meeting. No honorarium was provided.

Name: Marina Englesakis, BA (Hons), MLIS.

Contribution: This author helped with the formal literature
search, conception, design, and writing of the manuscript.
Conflicts of Interest: The faculty received reimbursement for
travel expenses attending the meeting. No honorarium was
provided.

Name: Traci L. Hedrick, MD, MSc.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

434 www.anesthesia-analgesia.org

Conflicts of Interest: T. L. Hedrick received funding from
MedEdicus. The faculty received reimbursement for travel
expenses attending the meeting. No honorarium was provided.
Name: Peter Kranke, MD, MBA.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: P. Kranke acted as investigator in phase
II trials on amisulpride during the last 3 years. He gave
invited lectures for FreseniusKabi (propofol), Griinenthal,
CSL-Behring, and TevaRatiopharm. The faculty received reim-
bursement for travel expenses attending the meeting. No hono-
rarium was provided.

Name: Samuel Lee, CAA.

Contribution: This author contributed to the conception,
design, and writing of the manuscript.

Conflicts of Interest: The faculty received reimbursement for
travel expenses attending the meeting. No honorarium was
provided.

Name: Daniel Lipman, DNP, CRNA.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: The faculty received reimbursement for
travel expenses attending the meeting. No honorarium was
provided.

Name: Harold S. Minkowitz, MD.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: H. S. Minkowitz received funding from
Acacia, AcelRX, Adynxx, Concentric, Durect, Heron, Merck,
Mallinckrodt, Innocoll, Pacira, Neumentum, Westward,
Trevena, and Takeda. The faculty received reimbursement for
travel expenses attending the meeting. No honorarium was
provided.

Name: John Morton, MD, MPH, MHA.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: ]J. Morton received funding from
Medtronic, Olympus, and Novo Nordisk. The faculty received
reimbursement for travel expenses attending the meeting. No
honorarium was provided.

Name: Beverly K. Philip, MD.

Contribution: This author helped with the conception, design,
and writing of the manuscript.

Conflicts of Interest: The faculty received reimbursement for
travel expenses attending the meeting. No honorarium was
provided.

This manuscript was handled by: Jean-Francois Pittet, MD.

REFERENCES

1. Gan TJ, Meyer T, Apfel CC, et al; Department of
Anesthesiology, Duke University Medical Center.
Consensus guidelines for managing postoperative nausea
and vomiting. Anesth Analg. 2003;97:62-71.

2. Gan TJ, Meyer TA, Apfel CC, et al; Society for Ambulatory
Anesthesia. Society for ambulatory anesthesia guidelines
for the management of postoperative nausea and vomiting.
Anesth Analg. 2007;105:1615-1628.

3. Gan TJ, Diemunsch P, Habib AS, et al; Society for
Ambulatory Anesthesia. Consensus guidelines for the
management of postoperative nausea and vomiting. Anesth
Analg. 2014;118:85-113.

4. DCS. ASHP therapeutic guidelines on the pharmaco-
logic management of nausea and vomiting in adult and
pediatric patients receiving chemotherapy or radiation
therapy or undergoing surgery. Am | Health Syst Pharm.
1999;56:729-764.

ANESTHESIA & ANALGESIA



5
6
g
33 7
&o
X9
=8
g2
93
g3
XZ
T
Zs
¢ 8
OB
2o
o=
T= 9
938
23
Se
=
232
S
;'% 10.
g3
E(D
Q&
w o
<
a2
8
&2
g3 1L
N T
X I
8x
D2
SR
Zm
g2
N3
= 12.
IS
o=z
=N
)
B+
= x
gg 13.
N
m
N
bCT
43
14.
15.
16.
17.
18.
19.
20.

SPECIAL ARTICLE

. Apfelbaum JL, Silverstein JH, Chung FF, et al; American
Society of Anesthesiologists Task Force on Postanesthetic
Care. Practice guidelines for postanesthetic care: an updated
report by the American Society of Anesthesiologists
Task Force on postanesthetic care. Anesthesiology.
2013,118:291-307.

. McCracken G, Houston P, Lefebvre G. Guideline for the
management of postoperative nausea and vomiting. |
Obstet Gynaecol Can. 2008;30:600-607, 608-616.

. Martin S, Baines D, Holtby H, Carr A. Guidelines on the
Prevention of Post-operative Vomiting in Children. The
Association of Paediatric Anaesthetists of Great Britain
& Ireland; 2016. Available at: www.apagbi.org.uk/sites/
default/files/inline-files /2016%20APA%20POV %20
Guideline-2.pdf. Accessed March 5, 2020.

. ASPAN. ASPAN'’S evidence-based clinical practice guide-
line for the prevention and/or management of PONV/
PDNV. | Perianesth Nurs. 2006;21:230-250.

. Riisch D, Becke K, Eberhart LH, et al. Postoperative nausea

and vomiting (PONV) - recommendations for risk assess-

ment, prophylaxis and therapy - results of an expert panel
meeting. Anasthesiol Intensivmed Notfallmed Schmerzther.
2011;46:158-170.

Gomez-Arnau JI, Aguilar JL, Bovaira P, et al; Grupo de

Trabajo de NVPO de la Sociedad Espafiola de Anestesiologia

y Reanimacién. Postoperative nausea and vomiting and

opioid-induced nausea and vomiting: guidelines for

prevention and treatment. Rev Esp Anestesiol Reanim.
2010;57:508-524.

Diemunsch P; Société francaise d’anesthésie et de réani-

mation. Conference of experts—short text. Management

of postoperative nausea and vomiting. French Society
of Anesthesia and Resuscitation. Ann Fr Anesth Reanim.
2008;27:866-878.

Veiga-Gil L, Pueyo J, Lépez-Olaondo L. Postoperative nau-

sea and vomiting: physiopathology, risk factors, prophylaxis

and treatment. Rev Esp Anestesiol Reanim. 2017;64:223-232.

Dewinter G, Staelens W, Veef E, Teunkens A, Van de Velde

M, Rex S. Simplified algorithm for the prevention of post-

operative nausea and vomiting: a before-and-after study. Br

| Anaesth. 2018;120:156-163.

Apfel CC, Lddra E, Koivuranta M, Greim CA, Roewer N.

A simplified risk score for predicting postoperative nausea

and vomiting: conclusions from cross-validations between

two centers. Anesthesiology. 1999;91:693-700.

Eberhart LH, Mauch M, Morin AM, Wulf H, Geldner G.

Impact of a multimodal anti-emetic prophylaxis on patient

satisfaction in high-risk patients for postoperative nausea

and vomiting. Anaesthesia. 2002;57:1022-1027.

Myles PS, Williams DL, Hendrata M, Anderson H, Weeks

AM. Patient satisfaction after anaesthesia and surgery:

results of a prospective survey of 10,811 patients. Br |

Anaesth. 2000;84:6-10.

Habib AS, Chen YT, Taguchi A, Hu XH, Gan TJ.

Postoperative nausea and vomiting following inpatient

surgeries in a teaching hospital: a retrospective database

analysis. Curr Med Res Opin. 2006,22:1093-1099.

Fortier J, Chung F, Su J. Unanticipated admission after

ambulatory surgery-a prospective study. Can | Anaesth.

1998;45:612-619.

Hill RP, Lubarsky DA, Phillips-Bute B, et al. Cost-

effectiveness of prophylactic antiemetic therapy with

ondansetron, droperidol, or placebo. Anesthesiology.
2000;92:958-967.

Higgins J, Green S; The Cochrane Collaboration. Cochrane

Handbook for Systematic Reviews of Interventions Version 5.1.0.

August 2020 e Volume 131 ¢ Number 2
Copyright © 2020 International Anesthesia Research Society.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

2011. Available at: www.training.cochrane.org/handbook.
Accessed March 10, 2020.

Higgins J, Lasserson T, Chandler J, Tovey D, Churchill R.
Methodological Expectations of Cochrane Intervention Reviews.
London: Cochrane; 2019.

Moher D, Liberati A, Tetzlaff ], Altman DG; PRISMA
Group. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS Med.
2009;6:€1000097.

Rethlefsen M, Ayala AP, Kirtley S, Koffel J, Waffenschmidt
S. PRISMA-S PRISMA Search Reporting Extension. OSF; 2019.
Available at: https://osfio/ygn9w/. Accessed March 15,
2020.

McGowan ], Sampson M, Salzwedel DM, Cogo E, Foerster
V, Lefebvre C. PRESS Peer Review of Electronic Search
Strategies: 2015 guideline statement. | Clin Epidemiol.
2016,75:40-46.

American Society of Anesthesiologists Task Force on Acute
Pain Management. Practice guidelines for acute pain man-
agement in the perioperative setting: an updated report by
the American Society of Anesthesiologists Task Force on
Acute Pain Management. Anesthesiology. 2012;116:248-273.
Apfel CC, Kranke P, Katz MH, et al. Volatile anaesthetics
may be the main cause of early but not delayed postop-
erative vomiting: a randomized controlled trial of factorial
design. Br | Anaesth. 2002;88:659-668.

Apfel CC, Philip BK, Cakmakkaya OS, et al. Who is at risk
for postdischarge nausea and vomiting after ambulatory
surgery? Anesthesiology. 2012;117:475-486.

Apfel CC, Kranke P, Eberhart LH. Comparison of surgi-
cal site and patient’s history with a simplified risk score
for the prediction of postoperative nausea and vomiting.
Anaesthesia. 2004;59:1078-1082.

Leslie K, Myles PS, Chan MT, et al; ENIGMA Trial Group.
Risk factors for severe postoperative nausea and vomit-
ing in a randomized trial of nitrous oxide-based vs nitrous
oxide-free anaesthesia. Br | Anaesth. 2008;101:498-505.
Koivuranta M, L&diard E, Snare L, Alahuhta S. A sur-
vey of postoperative nausea and vomiting. Anaesthesia.
1997,52:443-449.

Sinclair DR, Chung F, Mezei G. Can postoperative nausea
and vomiting be predicted? Anesthesiology. 1999;91:109-118.
Cohen MM, Duncan PG, DeBoer DP, Tweed WA. The post-
operative interview: assessing risk factors for nausea and
vomiting. Anesth Analg. 1994;78:7-16.

Stadler M, Bardiau F, Seidel L, Albert A, Boogaerts JG.
Difference in risk factors for postoperative nausea and
vomiting. Anesthesiology. 2003,98:46-52.

Wallenborn J, Gelbrich G, Bulst D, et al. Prevention of
postoperative nausea and vomiting by metoclopramide
combined with dexamethasone: randomised double blind
multicentre trial. BM]J. 2006;333:324.

Apfel CC, Heidrich FM, Jukar-Rao S, et al. Evidence-based
analysis of risk factors for postoperative nausea and vomit-
ing. Br ] Anaesth. 2012;109:742-753.

Van den Bosch JE, Moons KG, Bonsel GJ, Kalkman CJ. Does
measurement of preoperative anxiety have added value
for predicting postoperative nausea and vomiting? Anesth
Analg. 2005;100:1525-1532.

Eberhart LH, Morin AM, Georgieff M. The menstruation
cycle in the postoperative phase. Its effect of the incidence
of nausea and vomiting. Anaesthesist. 2000;49:532-535.
Trameér MR, Fuchs-Buder T. Omitting antagonism of neuro-
muscular block: effect on postoperative nausea and vomit-
ing and risk of residual paralysis. A systematic review. Br |
Anaesth. 1999;82:379-386.

www.anesthesia-analgesia.org 435

Unauthorized reproduction of this article is prohibited.


www.apagbi.org.uk/sites/default/files/inline-files/2016%20APA%20POV%20Guideline-2.pdf
www.apagbi.org.uk/sites/default/files/inline-files/2016%20APA%20POV%20Guideline-2.pdf
www.apagbi.org.uk/sites/default/files/inline-files/2016%20APA%20POV%20Guideline-2.pdf
www.training.cochrane.org/handbook
https://osf.io/ygn9w/

Management of Postoperative Nausea and Vomiting

39.

40.

41.

187ZIMNZIDBPXZOBBAR0ATOAEIOYIASALLIAIPOOAEIEAHIOII/AD AUMY TXOMADYOINX OH

1SABZIYTCH+erNIOITWNOTIZTARY HAOGHA QUG Aq eisableue-eisayisaue/wod mm| sfeulnol//:dny woly papeojumod

¥¢0¢/6¢/1T uo

51.

52.

53.
54.
55.

56.

57.

436
Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Cheng CR, Sessler DI, Apfel CC. Does neostigmine
administration produce a clinically important increase
in postoperative nausea and vomiting? Anesth Analg.
2005;101:1349-1355.

Gan TJ. Risk factors for postoperative nausea and vomiting.
Anesth Analg. 2006;102:1884-1898.

Kerger KH, Mascha E, Steinbrecher B, et al; IMPACT
Investigators. Routine use of nasogastric tubes does not
reduce postoperative nausea and vomiting. Anesth Analg.
2009;109:768-773.

Orhan-Sungur M, Kranke P, Sessler D, Apfel CC. Does
supplemental oxygen reduce postoperative nausea and
vomiting? A meta-analysis of randomized controlled trials.
Anesth Analg. 2008;106:1733-1738.

Kranke P, Apfel CC, Papenfuss T, et al. An increased body
mass index is no risk factor for postoperative nausea and
vomiting. A systematic review and results of original data.
Acta Anaesthesiol Scand. 2001;45:160-166.

Myles PS, Leslie K, Chan MT, et al; ENIGMA Trial Group.
Avoidance of nitrous oxide for patients undergoing major
surgery: a randomized controlled trial. Anesthesiology.
2007;107:221-231.

Breitfeld C, Peters ], Vockel T, Lorenz C, Eikermann M.
Emetic effects of morphine and piritramide. Br | Anaesth.
2003;91:218-223.

Hong D, Flood P, Diaz G. The side effects of morphine and
hydromorphone patient-controlled analgesia. Anesth Analg.
2008;107:1384-1389.

Roberts GW, Bekker TB, Carlsen HH, Moffatt CH, Slattery
PJ, McClure AF. Postoperative nausea and vomiting are
strongly influenced by postoperative opioid use in a dose-
related manner. Anesth Analg. 2005;101:1343-1348.

Bhakta P, Ghosh BR, Singh U, et al. Incidence of postopera-
tive nausea and vomiting following gynecological laparos-
copy: a comparison of standard anesthetic technique and
propofol infusion. Acta Anaesthesiol Taiwan. 2016;54:108-113.
Liu SS, Strodtbeck WM, Richman JM, Wu CL. A compari-
son of regional versus general anesthesia for ambulatory
anesthesia: a meta-analysis of randomized controlled trials.
Anesth Analg. 2005;101:1634-1642.

Marret E, Kurdi O, Zufferey P, Bonnet F. Effects of nonste-
roidal antiinflammatory drugs on patient-controlled anal-
gesia morphine side effects: meta-analysis of randomized
controlled trials. Anesthesiology. 2005;102:1249-1260.
Gurbet A, Basagan-Mogol E, Turker G, Ugun F Kaya
FN, Ozcan B. Intraoperative infusion of dexmedetomi-
dine reduces perioperative analgesic requirements. Can |
Anaesth. 2006;53:646—652.

Collard V, Mistraletti G, Taqgi A, et al. Intraoperative esmo-
lol infusion in the absence of opioids spares postoperative
fentanyl in patients undergoing ambulatory laparoscopic
cholecystectomy. Anesth Analg. 2007;105:1255-1262.

Peyton PJ, Wu CY. Nitrous oxide-related postoperative
nausea and vomiting depends on duration of exposure.
Anesthesiology. 2014;120:1137-1145.

Klomp T, van Poppel M, Jones L, Lazet ], Di Nisio M, Lagro-
Janssen AL. Inhaled analgesia for pain management in
labour. Cochrane Database Syst Rev. 2012;9:Cd009351.

Likis FE, Andrews JC, Collins MR, et al. Nitrous oxide for
the management of labor pain: a systematic review. Anesth
Analg. 2014;118:153-167.

Singh BN, Dahiya D, Bagaria D, et al. Effects of preoperative
carbohydrates drinks on immediate postoperative outcome
after day care laparoscopic cholecystectomy. Surg Endosc.
2015;29:3267-3272.

Skledar SJ, Williams BA, Vallejo MC, et al. Eliminating post-
operative nausea and vomiting in outpatient surgery with

www.anesthesia-analgesia.org

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

multimodal strategies including low doses of nonsedat-
ing, off-patent antiemetics: is “zero tolerance” achievable?
ScientificWorldJournal. 2007;7:959-977.

Andreae MH, Gabry ]S, Goodrich B, White RS, Hall C.
Antiemetic prophylaxis as a marker of health care dispari-
ties in the national anesthesia clinical outcomes registry.
Anesth Analg. 2018;126:588-599.

Pierre S, Benais H, Pouymayou J. Apfel’s simplified score
may favourably predict the risk of postoperative nausea
and vomiting. Can | Anaesth. 2002;49:237-242.

Pierre S, Corno G, Benais H, Apfel CC. A risk score-depen-
dent antiemetic approach effectively reduces postoperative
nausea and vomiting-a continuous quality improvement
initiative. Can | Anaesth. 2004;51:320-325.

Apfel CC, Korttila K, Abdalla M, et al; IMPACT
Investigators. A factorial trial of six interventions for the
prevention of postoperative nausea and vomiting. N Engl |
Med. 2004;350:2441-2451.

Eberhart LH, Geldner G, Kranke P, et al. The development
and validation of a risk score to predict the probability of
postoperative vomiting in pediatric patients. Anesth Analg.
2004;99:1630-1637.

Thomas M, Woodhead G, Masood N, Howard R. Motion
sickness as a predictor of postoperative vomiting in chil-
dren aged 1-16 years. Paediatr Anaesth. 2007;17:61-63.

Lee J, Faraoni D, Lee S, et al. Incidence and risk factors for
postoperative vomiting following atrial septal defect repair
in children. Paediatr Anaesth. 2016;26:644—-648.

Rowley MP, Brown TC. Postoperative vomiting in children.
Anaesth Intensive Care. 1982;10:309-313.

Kranke P, Eberhart LH, Toker H, Roewer N, Wulf H, Kiefer
P. A prospective evaluation of the POVOC score for the pre-
diction of postoperative vomiting in children. Anesth Analg.
2007;105:1592-1597.

Efune PN, Minhajuddin A, Szmuk P. Incidence and fac-
tors contributing to postdischarge nausea and vomiting
in pediatric ambulatory surgical cases. Paediatr Anaesth.
2018;28:257-263.

Wang SM, Kain ZN. Preoperative anxiety and postopera-
tive nausea and vomiting in children: is there an associa-
tion? Anesth Analg. 2000;90:571-575.

Chau DF, Reddy A, Breheny D, et al. Revisiting the appli-
cability of adult early post-operative nausea and vomiting
risk factors for the paediatric patient: a prospective study
using cotinine levels in children undergoing adenotonsil-
lectomies. Indian | Anaesth. 2017;61:964-971.

Schraag S, Pradelli L, Alsaleh AJO, et al. Propofol vs inhala-
tional agents to maintain general anaesthesia in ambulatory
and in-patient surgery: a systematic review and meta-anal-
ysis. BMC Anesthesiol. 2018;18:162.

Schaefer MS, Kranke P, Weibel S, Kreysing R, Kienbaum P.
Total intravenous anaesthesia versus single-drug pharmaco-
logical antiemetic prophylaxis in adults: a systematic review
and meta-analysis. Eur | Anaesthesiol. 2016,33:750-760.
Maginiche S, Romsing J, Dahl JB, Tramer MR. Non-steroidal
anti-inflammatory drugs and the risk of operative site
bleeding after tonsillectomy—a quantitative systematic
review. Anesth Analg. 2003;96:68-77.

Jewer JK, Wong M]J, Bird SJ, Habib AS, Parker R, George
RB. Supplemental perioperative intravenous crystalloids
for postoperative nausea and vomiting. Cochrane Database
Syst Rev. 2019;3:CD012212.

Kim HJ, Choi SH, Eum D, Kim SH. Is perioperative colloid
infusion more effective than crystalloid in preventing post-
operative nausea and vomiting?: A systematic review and
meta-analysis. Medicine (Baltimore). 2019;98:e14339.

ANESTHESIA & ANALGESIA



75

76.

187ZIMNZIDBPXZOBBAR0ATOAEIOYIASALLIAIPOOAEIEAHIOII/AD AUMY TXOMADYOINX OH

1SABZIYTCH+erNIOITWNOTIZTARY HAOGHA QUG Aq eisableue-eisayisaue/wod mm| sfeulnol//:dny woly papeojumod

¥¢0¢/6¢/1T uo

84.

85.

86.

87.

88.

89.

77.

78.

79.

80.

81.

82.

83.

SPECIAL ARTICLE

. Hristovska AM, Duch P, Allingstrup M, Afshari A. Efficacy
and safety of sugammadex versus neostigmine in reversing
neuromuscular blockade in adults. Cochrane Database Syst
Rev. 2017;8:CD012763.

Apfel CC, Turan A, Souza K, Pergolizzi ], Hornuss C.
Intravenous acetaminophen reduces postoperative nausea
and vomiting: a systematic review and meta-analysis. Pain.
2013;154:677-689.

Ohkura Y, Haruta S, Shindoh ], Tanaka T, Ueno M,
Udagawa H. Effectiveness of postoperative intravenous
acetaminophen (Acelio) after gastrectomy: a propensity
score-matched analysis. Medicine (Baltimore). 2016;95:e5352.
Scott MJ, McEvoy MD, Gordon DB, et al; Perioperative
Quality Initiative (POQI) I Workgroup. American Society
for Enhanced Recovery (ASER) and Perioperative Quality
Initiative (POQI) Joint Consensus Statement on opti-
mal analgesia within an enhanced recovery pathway for
colorectal surgery: part 2-from PACU to the transition
home. Perioper Med (Lond). 2017;6:7.

Elia N, Lysakowski C, Trameér MR. Does multimodal anal-
gesia with acetaminophen, nonsteroidal antiinflamma-
tory drugs, or selective cyclooxygenase-2 inhibitors and
patient-controlled analgesia morphine offer advantages
over morphine alone? Meta-analyses of randomized trials.
Anesthesiology. 2005;103:1296-1304.

Gan TJ, Joshi GP, Zhao SZ, Hanna DB, Cheung RY, Chen
C. Presurgical intravenous parecoxib sodium and follow-
up oral valdecoxib for pain management after laparoscopic
cholecystectomy surgery reduces opioid requirements
and opioid-related adverse effects. Acta Anaesthesiol Scand.
2004;48:1194-1207.

Elia N, Trameér MR. Ketamine and postoperative pain-a
quantitative systematic review of randomised trials. Pain.
2005;113:61-70.

Maund E, McDaid C, Rice S, Wright K, Jenkins B, Woolacott
N. Paracetamol and selective and non-selective non-steroi-
dal anti-inflammatory drugs for the reduction in morphine-
related side-effects after major surgery: a systematic review.
Br ] Anaesth. 2011;106:292-297.

Modasi A, Pace D, Godwin M, Smith C, Curtis B. NSAID
administration post colorectal surgery increases anasto-
motic leak rate: systematic review/meta-analysis. Surg
Endosc. 2019;33:879-885.

Smith SA, Roberts DJ, Lipson ME, Buie WD, MacLean AR.
Postoperative nonsteroidal anti-inflammatory drug use and
intestinal anastomotic dehiscence: a systematic review and
meta-analysis. Dis Colon Rectum. 2016;59:1087-1097.
Hakkarainen TW, Steele SR, Bastaworous A, et al
Nonsteroidal anti-inflammatory drugs and the risk for anas-
tomotic failure: a report from Washington State’s Surgical
Care and Outcomes Assessment Program (SCOAP). JAMA
Surg. 2015;150:223-228.

Blaudszun G, Lysakowski C, Elia N, Tramer MR. Effect
of perioperative systemic 02 agonists on postoperative
morphine consumption and pain intensity: systematic
review and meta-analysis of randomized controlled trials.
Anesthesiology. 2012;116:1312-1322.

Bakri MH, Ismail EA, Ibrahim A. Comparison of dex-
medetomidine and dexamethasone for prevention of
postoperative nausea and vomiting after laparoscopic cho-
lecystectomy. Korean | Anesthesiol. 2015;68:254-260.

Dong CS, Zhang ], Lu Q, et al. Effect of dexmedetomidine
combined with sufentanil for post-thoracotomy intrave-
nous analgesia:a randomized, controlled clinical study.
BMC Anesthesiol. 2017;17:33.

Shariffuddin II, Teoh WH, Wahab S, Wang CY. Effect of
single-dose dexmedetomidine on postoperative recovery

August 2020 e Volume 131 ¢ Number 2

Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

after ambulatory ureteroscopy and ureteric stenting: a dou-
ble blind randomized controlled study. BMC Anesthesiol.
2018;18:3.

Popping DM, Elia N, Van Aken HK, et al. Impact of epi-
dural analgesia on mortality and morbidity after surgery:
systematic review and meta-analysis of randomized con-
trolled trials. Ann Surg. 2014;259:1056-1067.

Guay ], Nishimori M, Kopp SL. Epidural local anesthet-
ics versus opioid-based analgesic regimens for postop-
erative gastrointestinal paralysis, vomiting, and pain
after abdominal surgery: a cochrane review. Anesth Analg.
2016;123:1591-1602.

Radovanovi¢ D, Radovanovi¢ Z, ékorié-]okié S, Tati¢ M,
Mandi¢ A, Ivkovi¢-Kapicl T. Thoracic epidural versus intra-
venous patient-controlled analgesia after open colorectal
cancer surgery. Acta Clin Croat. 2017;56:244-254.

Torgeson M, Kileny J, Pfeifer C, Narkiewicz L, Obi S.
Conventional epidural vs transversus abdominis plane
block with liposomal bupivacaine: a randomized trial in
colorectal surgery. | Am Coll Surg. 2018;227:78-83.

Lee SH, Sim WS, Kim GE, et al. Randomized trial of sub-
fascial infusion of ropivacaine for early recovery in lapa-
roscopic colorectal cancer surgery. Korean | Anesthesiol.
2016;69:604-613.

Zheng X, Feng X, Cai X]. Effectiveness and safety of con-
tinuous wound infiltration for postoperative pain man-
agement after open gastrectomy. World | Gastroenterol.
2016;22:1902-1910.

Harsten A, Kehlet H, Toksvig-Larsen S. Recovery after
total intravenous general anaesthesia or spinal anaesthe-
sia for total knee arthroplasty: a randomized trial. Br |
Anaesth. 2013;111:391-399.

Mclsaac DI, Cole ET, McCartney CJ. Impact of including
regional anaesthesia in enhanced recovery protocols: a
scoping review. Br | Anaesth. 2015;115(Suppl 2):ii46-ii56.
Elbakry AE, Sultan WE, Ibrahim E. A comparison between
inhalational (desflurane) and total intravenous anaes-
thesia (propofol and dexmedetomidine) in improving
postoperative recovery for morbidly obese patients under-
going laparoscopic sleeve gastrectomy: a double-blinded
randomised controlled trial. | Clin Anesth. 2018;45:6-11.
Lee WK, Kim MS, Kang SW, Kim S, Lee JR. Type of anaes-
thesia and patient quality of recovery: a randomized trial
comparing propofol-remifentanil total i.v. anaesthesia with
desflurane anaesthesia. Br | Anaesth. 2015;114:663-668.
Erdem AF, Yoruk O, Alici HA, et al. Subhypnotic propofol
infusion plus dexamethasone is more effective than dexa-
methasone alone for the prevention of vomiting in chil-
dren after tonsillectomy. Paediatr Anaesth. 2008;18:878-883.
Erdem AF, Yoruk O, Silbir F, et al. Tropisetron plus sub-
hypnotic propofol infusion is more effective than tropise-
tron alone for the prevention of vomiting in children after
tonsillectomy. Anaesth Intensive Care. 2009;37:54-59.
Weibel S, Jelting Y, Pace NL, et al. Drugs for preventing
postoperative nausea and vomiting in adults after general
anaesthesia: a network meta-analysis (protocol). Cochrane
Database Syst Rev. 2017;11:CD012859.

Weibel S, Jokinen J, Pace NL, et al. Efficacy and safety of
intravenous lidocaine for postoperative analgesia and
recovery after surgery: a systematic review with trial
sequential analysis. Br | Anaesth. 2016;116:770-783.
Schaefer MS, Kranke P, Weibel S, Kreysing R, Ochel J,
Kienbaum P. Total intravenous anesthesia vs single phar-
macological prophylaxis to prevent postoperative vomit-
ing in children: a systematic review and meta-analysis.
Paediatr Anaesth. 2017;27:1202-1209.

www.anesthesia-analgesia.org 437



Management of Postoperative Nausea and Vomiting

105.

106.

107.

108.

109.

110.

111.

112.

113.

187ZIMNZIDBPXZOBBAR0ATOAEIOYIASALLIAIPOOAEIEAHIOII/AD AUMY TXOMADYOINX OH

1SABZIYTCH+erNIOITWNOTIZTARY HAOGHA QUG Aq eisableue-eisayisaue/wod mm| sfeulnol//:dny woly papeojumod

114.

¥¢0¢/6¢/1T uo

115.

116.

117.

118.

119.

120.

438

Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

Scheiermann P, Herzog F, Siebenhofer A, Strametz R,
Weberschock T. Intravenous versus inhalational anesthe-
sia for pediatric inpatient surgery - A systematic review
and meta-analysis. | Clin Anesth. 2018;49:19-25.

Aksoy M, Ince i, Ahiskalioglu A, Keles S, Doymus 0.
Effect of intravenous preoperative versus postoperative
paracetamol on postoperative nausea and vomiting in
patients undergoing strabismus surgery: a prospective
randomized study. Agri. 2018;30:1-7.

Echevarria GC, Altermatt FR, Paredes S, et al. Intra-
operative lidocaine in the prevention of vomiting after
elective tonsillectomy in children: a randomised controlled
trial. Eur | Anaesthesiol. 2018;35:343-348.

Alizadeh R, Mireskandari SM, Azarshahin M, et al. Oral
clonidine premedication reduces nausea and vomiting in
children after appendectomy. Iran | Pediatr. 2012;22:399-403.
Elgueta MF, Echevarria GC, De la Fuente N, et al. Effect
of intravenous fluid therapy on postoperative vomit-
ing in children undergoing tonsillectomy. Br | Anaesth.
2013;110:607-614.

Abd-Elshafy SK, Yacoup AM, Abdalla EE, El-Melegy TT,
Abd-Elsalam KA. A new look on adding dexamethasone
as an adjuvant to caudal bupivacaine; efficacy on post-
operative pain and vomiting in pediatric patients. Pain
Physician. 2016;19:E841-E852.

Jun JH, Kim KN, Kim JY, Song SM. The effects of intranasal
dexmedetomidine premedication in children: a systematic
review and meta-analysis. Can | Anaesth. 2017;64:947-961.
Cok QY, Eker HE, Pelit A, et al. The effect of paracetamol
on postoperative nausea and vomiting during the first 24
h after strabismus surgery: a prospective, randomised,
double-blind study. Eur | Anaesthesiol. 2011;28:836-841.
Kranke P, Eberhart L, Motsch J, et al. I.V. APD421 (ami-
sulpride) prevents postoperative nausea and vomiting: a
randomized, double-blind, placebo-controlled, multicen-
tre trial. Br | Anaesth. 2013;111:938-945.

Gan TJ, Kranke P, Minkowitz HS, et al. Intravenous ami-
sulpride for the prevention of postoperative nausea and
vomiting: two concurrent, randomized, double-blind, pla-
cebo-controlled trials. Anesthesiology. 2017;126:268-275.
Alonso-Damian ER, Anguiano-Garcia MM. Aprepitant
to ondansetron in preventing postoperative nausea and
vomiting in patients undergoing open cholecystectomy.
Revista mexicana de anestesiologia. 2012;35:8-14.

Moon HY, Baek CW, Choi GJ, et al. Palonosetron and
aprepitant for the prevention of postoperative nausea
and vomiting in patients indicated for laparoscopic gyn-
aecologic surgery: a double-blind randomised trial. BMC
Anesthesiol. 2014;14:68.

Singh PM, Borle A, Rewari V, et al. Aprepitant for post-
operative nausea and vomiting: a systematic review and
meta-analysis. Postgrad Med ]. 2016,92:87-98.

Gan TJ, Apfel CC, Kovac A, et al; Aprepitant-PONV Study
Group. A randomized, double-blind comparison of the
NK1 antagonist, aprepitant, versus ondansetron for the
prevention of postoperative nausea and vomiting. Anesth
Analg. 2007;104:1082-1089.

Altorjay A, Melson T, Chinachoit T, et al. Casopitant and
ondansetron for postoperative nausea and vomiting pre-
vention in women at high risk for emesis: a phase 3 study.
Arch Surg. 2011;146:201-206.

Singla NK, Singla SK, Chung F, et al. Phase II study to
evaluate the safety and efficacy of the oral neurokinin-1
receptor antagonist casopitant (GW679769) administered
with ondansetron for the prevention of postoperative and
postdischarge nausea and vomiting in high-risk patients.
Anesthesiology. 2010;113:74-82.

www.anesthesia-analgesia.org

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Liu M, Zhang H, Du BX, et al. Neurokinin-1 receptor
antagonists in preventing postoperative nausea and vom-
iting: a systematic review and meta-analysis. Medicine
(Baltimore). 2015;94:€762.

De Oliveira GS Jr, Castro-Alves L], Ahmad S, Kendall MC,
McCarthy R]. Dexamethasone to prevent postoperative
nausea and vomiting: an updated meta-analysis of ran-
domized controlled trials. Anesth Analg. 2013;116:58-74.
Wang JJ, Ho ST, Tzeng JI, Tang CS. The effect of timing of
dexamethasone administration on its efficacy as a prophy-
lactic antiemetic for postoperative nausea and vomiting.
Anesth Analg. 2000;91:136-139.

Kranke P, Morin AM, Roewer N, Eberhart LH.
Dimenhydrinate for prophylaxis of postoperative nausea
and vomiting: a meta-analysis of randomized controlled
trials. Acta Anaesthesiol Scand. 2002;46:238-244.

Eberhart LH, Seeling W, Bopp TI, Morin AM, Georgieff
M. Dimenhydrinate for prevention of post-operative nau-
sea and vomiting in female in-patients. Eur | Anaesthesiol.
1999;16:284-289.

Kothari SN, Boyd WC, Bottcher ML, Lambert PJ. Antiemetic
efficacy of prophylactic dimenhydrinate (Dramamine)
vs ondansetron (Zofran): a randomized, prospective trial
inpatients undergoing laparoscopic cholecystectomy. Surg
Endosc. 2000;14:926-929.

Le TP, Gan TJ. Update on the management of postop-
erative nausea and vomiting and postdischarge nausea
and vomiting in ambulatory surgery. Anesthesiol Clin.
2010;28:225-249.

Graczyk SG, McKenzie R, Kallar S, et al. Intravenous dola-
setron for the prevention of postoperative nausea and
vomiting after outpatient laparoscopic gynecologic sur-
gery. Anesth Analg. 1997,84:325-330.

Birmingham SD, Mecklenburg BW, Lujan E, Dacanay RG,
Boyle PK, Green R. Dolasetron versus ondansetron as
single-agent prophylaxis for patients at increased risk for
postoperative nausea and vomiting: a prospective, dou-
ble-blind, randomized trial. Mil Med. 2006;171:913-916.
Fortney JT, Gan TJ, Graczyk S, et al. A comparison of the
efficacy, safety, and patient satisfaction of ondansetron
versus droperidol as antiemetics for elective outpatient
surgical procedures. S3A-409 and S3A-410 Study Groups.
Anesth Analg. 1998;86:731-738.

Domino KB, Anderson EA, Polissar NL, Posner KL.
Comparative efficacy and safety of ondansetron, dro-
peridol, and metoclopramide for preventing postopera-
tive nausea and vomiting: a meta-analysis. Anesth Analg.
1999;88:1370-1379.

Henzi I, Sonderegger ], Tramer MR. Efficacy, dose-response,
and adverse effects of droperidol for prevention of postop-
erative nausea and vomiting. Can | Anaesth. 2000;47:537-551.
Damevski V, Damevska G, Krivasija M, Nojkov O, Sivevski
A. Caesarean section in isobaric spinal anesthesia with and
without direct preoperative hydration with crystalloids.
Bratisl Lek Listy. 2011;112:459-462.

Gunasekaran P, Elakkumanan LB, Balachander H,
Satyaprakash MVS. Comparing slow and rapid bolus of
ephedrine in pregnant patients undergoing planned cesar-
ean section under spinal anesthesia. | Anaesthesiol Clin
Pharmacol. 2017;33:92-96.

Sodhi K, Mohindra BK, Sodhi GS, Kumar M. A compara-
tive study of granisetron, dexamethasone, and granisetron
plus dexamethasone as prophylactic antiemetic therapy in
female patients undergoing breast surgery. | Anaesthesiol
Clin Pharmacol. 2007;23:373-378.

Dua N, Sethi N, Sood J, Jain P. Randomized double blind
comparative study comparing efficacy of granisetron

ANESTHESIA & ANALGESIA



=2 SPECIAL ARTICLE

137.

187ZIMNZIDBPXZOBBAR0ATOAEIOYIASALLIAIPOOAEIEAHIOII/AD AUMY TXOMADYOINX OH

1SABZIYTCH+erNIOITWNOTIZTARY HAOGHA QUG Aq eisableue-eisayisaue/wod mm| sfeulnol//:dny woly papeojumod

¥¢0¢/6¢/1T uo

147.

148.

149.

150.

151.

152.

138.

139.

140.

141.

142.

143.

144.

145.

146.

and ondansetron for the prophylactic control of post-
operative nausea and vomiting in patients undergoing
middle ear surgery. Indian | Otolaryngol Head Neck Surg.
2014;66:252-256.

D’Angelo R, Philip B, Gan TJ, et al. A randomized, double-
blind, close-ranging, pilot study of intravenous granisetron
in the prevention of postoperative nausea and vomiting
in patients abdominal hysterectomy. Eur | Anaesthesiol.
2005;22:774-779.

Wilson AJ, Diemunsch P, Lindeque BG, et al. Single-dose
i.v. granisetron in the prevention of postoperative nausea
and vomiting. Br | Anaesth. 1996;76:515-518.

Mikawa K, Takao Y, Nishina K, Shiga M, Maekawa N,
Obara H. Optimal dose of granisetron for prophylaxis
against postoperative emesis after gynecological surgery.
Anesth Analg. 1997,85:652-656.

Biittner M, Walder B, von Elm E, Tramer MR. Is low-dose
haloperidol a useful antiemetic?: a meta-analysis of pub-
lished and unpublished randomized trials. Anesthesiology.
2004;101:1454-1463.

Liu G, Gong M, Wang Y, Xiang Z. Effect of methylpredniso-
lone on pain management in total knee or hip arthroplasty:
a systematic review and meta-analysis of randomized con-
trolled trials. Clin | Pain. 2018;34:967-974.

De Oliveira GS Jr, Castro-Alves L], Chang R, Yaghmour E,
McCarthy R]. Systemic metoclopramide to prevent post-
operative nausea and vomiting: a meta-analysis without
Fujii’s studies. Br | Anaesth. 2012;109:688-697.

Tramer MR, Reynolds DJ, Moore RA, McQuay HJ. Efficacy,
dose-response, and safety of ondansetron in prevention of
postoperative nausea and vomiting: a quantitative sys-
tematic review of randomized placebo-controlled trials.
Anesthesiology. 1997;87:1277-1289.

Gao C, Li B, Xu L, et al. Efficacy and safety of ramosetron
versus ondansetron for postoperative nausea and vomit-
ing after general anesthesia: a meta-analysis of random-
ized clinical trials. Drug Des Devel Ther. 2015;9:2343-2350.
Sun R, Klein KW, White PF. The effect of timing of ondan-
setron administration in outpatients undergoing otolaryn-
gologic surgery. Anesth Analg. 1997;84:331-336.

Singh PM, Borle A, Gouda D, et al. Efficacy of palono-
setron in postoperative nausea and vomiting (PONV)-a
meta-analysis. | Clin Anesth. 2016;34:459-482.

Xiong C, Liu G, Ma R, Xue J, Wu A. Efficacy of palono-
setron for preventing postoperative nausea and vomit-
ing: a systematic review and meta-analysis. Can | Anaesth.
2015;62:1268-1278.

LiY, Wei X, Zhang S, Zhou L, Zhang ]J. A meta-analysis of
palonosetron for the prevention of postoperative nausea
and vomiting in adults. | Perianesth Nurs. 2015;30:398—405.
Schnabel A, Eberhart LH, Muellenbach R, Morin AM,
Roewer N, Kranke P. Efficacy of perphenazine to prevent
postoperative nausea and vomiting: a quantitative sys-
tematic review. Eur | Anaesthesiol. 2010;27:1044-1051.
Khalil S, Philbrook L, Rabb M, et al. Ondansetron/pro-
methazine combination or promethazine alone reduces
nausea and vomiting after middle ear surgery. | Clin
Anesth. 1999;11:596-600.

Gan TJ, Candiotti KA, Klein SM, et al. Double-blind com-
parison of granisetron, promethazine, or a combination of
both for the prevention of postoperative nausea and vom-
iting in females undergoing outpatient laparoscopies. Can
J Anaesth. 2009;56:829-836.

Choi YS, Shim JK, Yoon DH, Jeon DH, Lee JY, Kwak YL.
Effect of ramosetron on patient-controlled analgesia
related nausea and vomiting after spine surgery in highly

August 2020 e Volume 131 ¢ Number 2

Copyright © 2020 International Anesthesia Research Society.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

susceptible patients: comparison with ondansetron. Spine
(Phila Pa 1976). 2008;33:E602-E606.

GanT]J, Gu], Singla N, et al; Rolapitant Investigation Group.
Rolapitant for the prevention of postoperative nausea and
vomiting: a prospective, double-blinded, placebo-con-
trolled randomized trial. Anesth Analg. 2011;112:804-812.
Kranke P, Morin AM, Roewer N, Wulf H, Eberhart LH. The
efficacy and safety of transdermal scopolamine for the pre-
vention of postoperative nausea and vomiting: a quantita-
tive systematic review. Anesth Analg. 2002;95:133-143.
Apfel CC, Zhang K, George E, et al. Transdermal scopol-
amine for the prevention of postoperative nausea and
vomiting: a systematic review and meta-analysis. Clin
Ther. 2010;32:1987-2002.

Bailey PL, Streisand JB, Pace NL, et al. Transdermal sco-
polamine reduces nausea and vomiting after outpatient
laparoscopy. Anesthesiology. 1990,72:977-980.

Kranke P, Eberhart LH, Apfel CC, Broscheit J, Geldner G,
Roewer N. Tropisetron for prevention of postoperative
nausea and vomiting: a quantitative systematic review.
Anaesthesist. 2002;51:805-814.

Kumar A, Patodia M, Pandove P, Sharda V. A random-
ized, placebo controlled study evaluating preventive
role of ondansetron, dexamethasone and ondansetron
plus dexamethasone for postoperative nausea and vom-
iting (PONV) in patients undergoing laparoscopic chole-
cystectomy. | Paras Kumar Pandove. | Int Med Sci Acad.
2013;26:217-218.

Som A, Bhattacharjee S, Maitra S, Arora MK, Baidya DK.
Combination of 5-HT3 antagonist and dexamethasone is
superior to 5-HT3 antagonist alone for PONV prophylaxis
after laparoscopic surgeries: a meta-analysis. Anesth Analg.
2016;123:1418-1426.

Bala I, Bharti N, Murugesan S, Gupta R. Comparison of
palonosetron with palonosetron-dexamethasone combi-
nation for prevention of postoperative nausea and vomit-
ing in patients undergoing laparoscopic cholecystectomy.
Minerva Anestesiol. 2014;80:779-784.

Cho E, Kim DH, Shin S, Kim SH, Oh Y], Choi YS. Efficacy
of palonosetron-dexamethasone combination versus
palonosetron alone for preventing nausea and vomiting
related to opioid-based analgesia: a prospective, random-
ized, double-blind trial. Int ] Med Sci. 2018;15:961-968.
Mansour EE. Postoperative nausea and vomiting pro-
phylaxis: the efficacy of a novel antiemetic drug (palono-
setron) combined with dexamethasone. Egypt | Anaesth.
2013;29:117-123.

Ryoo SH, Yoo JH, Kim MG, Lee KH, Kim SI. The effect
of combination treatment using palonosetron and dexa-
methasone for the prevention of postoperative nausea and
vomiting versus dexamethasone alone in women receiv-
ing intravenous patient-controlled analgesia. Korean |
Anesthesiol. 2015,68:267-273.

Kumar A, Solanki SL, Gangakhedkar GR, Shylasree TS,
Sharma KS. Comparison of palonosetron and dexametha-
sone with ondansetron and dexamethasone for postopera-
tive nausea and vomiting in postchemotherapy ovarian
cancer surgeries requiring opioid-based patient-controlled
analgesia: a randomised, double-blind, active controlled
study. Indian | Anaesth. 2018;62:773-779.

Lee MJ, Lee KC, Kim HY, Lee WS, Seo W], Lee C.
Comparison of ramosetron plus dexamethasone with
ramosetron alone on postoperative nausea, vomiting,
shivering and pain after thyroid surgery. Korean | Pain.
2015;28:39-44.

www.anesthesia-analgesia.org 439

Unauthorized reproduction of this article is prohibited.



Management of Postoperative Nausea and Vomiting

166.

167.

168.

169.

170.

171.

172.

173.

187ZIMNZIDBPXZOBBAR0ATOAEIOYIASALLIAIPOOAEIEAHIOII/AD AUMY TXOMADYOINX OH

1SABZIYTCH+erNIOITWNOTIZTARY HAOGHA QUG Aq eisableue-eisayisaue/wod mm| sfeulnol//:dny woly papeojumod

174.

¥¢0¢/6¢/1T uo

175.

176.

177.

178.

179.

440

Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

Narayanappa AB, Gurulingaswamy S, Prabhakaraiah UN,
Gurushanth SR, Sapare V, Goud N. Intravenous palono-
setron compared with a combination of ramosetron and
dexamethasone in preventing post operative nausea and
vomiting in patients undergoing gynaecological surger-
ies under spinal anaesthesia, a randomised study. Indian |
Anaesth. 2017;61:144-149.

El-Deeb A, Abd El Motlb E. Prophylactic multimodal anti-
emetic in women undergoing cesarean section under spi-
nal anesthesia. Egypt | Anaesth. 2011;27:107-111.

ZhouH, XuH, Zhang ], Wang W, Wang Y, Hu Z. Combination
of dexamethasone and tropisetron before thyroidectomy to
alleviate postoperative nausea, vomiting, and pain: random-
ized controlled trial. World | Surg. 2012;36:1217-1224.

Yu Q, Gao L, Gu MH, et al. Antiemetic effects of com-
bined methylprednisolone and tropisetron in mastectomy.
Minerva Anestesiol. 2013;79:130-136.

Vallejo MC, Phelps AL, Ibinson JW, et al. Aprepitant plus
ondansetron compared with ondansetron alone in reduc-
ing postoperative nausea and vomiting in ambulatory
patients undergoing plastic surgery. Plast Reconstr Surg.
2012;129:519-526.

Sinha AC, Singh PM, Williams NW, Ochroch EA, Goudra
BG. Aprepitant’s prophylactic efficacy in decreasing post-
operative nausea and vomiting in morbidly obese patients
undergoing bariatric surgery. Obes Surg. 2014;24:225-231.
Lee SJ, Lee SM, Kim SI, et al. The effect of aprepitant for
the prevention of postoperative nausea and vomiting in
patients undergoing gynecologic surgery with intrave-
nous patient controlled analgesia using fentanyl: apre-
pitant plus ramosetron vs ramosetron alone. Korean |
Anesthesiol. 2012;63:221-226.

Choi EK, Kim DG, Jeon Y. Comparison of the prophylactic
antiemetic efficacy of aprepitant plus palonosetron ver-
sus aprepitant plus ramosetron in patients at high risk for
postoperative nausea and vomiting after laparoscopic cho-
lecystectomy: a prospective randomized-controlled trial.
Surg Laparosc Endosc Percutan Tech. 2016;26:354-357.
Kawano H, Matsumoto T, Hamaguchi E, et al. Antiemetic
efficacy of combined aprepitant and dexamethasone in
patients at high-risk of postoperative nausea and vomit-
ing from epidural fentanyl analgesia. Minerva Anestesiol.
2015;81:362-368.

de Morais LC, Sousa AM, Flora GF, Grigio TR, Guimaraes
GMN, Ashmawi HA. Aprepitant as a fourth antiemetic
prophylactic strategy in high-risk patients: a double-blind,
randomized trial. Acta Anaesthesiol Scand. 2018;62:483-492.
Matsota P, Angelidi M, Pandazi A, Tzirogiannis KN,
Panoutsopoulos GI, Kostopanagiotou G. Ondansetron-
droperidol combination vs ondansetron or droperidol
monotherapy in the prevention of postoperative nausea
and vomiting. Arch Med Sci. 2015;11:362-370.

Papadima A, Gourgiotis S, Lagoudianakis E, et al
Granisetron versus tropisetron in the prevention of post-
operative nausea and vomiting after total thyroidectomy.
Saudi | Anaesth. 2013;7:68-74.

Hu X, Tan F, Gong L. Higher dose of palonosetron ver-
sus lower dose of palonosetron plus droperidol to prevent
postoperative nausea and vomiting after eye enucleation
and orbital hydroxyapatite implant surgery: arandomized,
double-blind trial. Drug Des Devel Ther. 2017;11:1465-1472.
Veiga-Gil L, Lopez-Olaondo L, Pueyo J, Callejas R, Duque
P, Carrascosa F. Low doses of haloperidol combined with
ondansetron are not effective for prophylaxis of postoper-
ative nausea and vomiting in susceptible patients. Cir Esp.
2015;93:110-116.

www.anesthesia-analgesia.org

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

Benevides ML, Oliveira SS, de Aguilar-Nascimento JE. The
combination of haloperidol, dexamethasone, and ondan-
setron for prevention of postoperative nausea and vom-
iting in laparoscopic sleeve gastrectomy: a randomized
double-blind trial. Obes Surg. 2013;23:1389-1396.

Cho JS, Kim EJ, Lee JH, et al. Betahistine reduces postoper-
ative nausea and vomiting after laparoscopic gynecologi-
cal surgery. Minerva Anestesiol. 2016;82:649-656.
Mukhopadhyay S, Niyogi M, Ray R, Mukhopadhyay
BS, Dutta M, Mukherjee M. Betahistine as an add-on: the
magic bullet for postoperative nausea, vomiting and dizzi-
ness after middle ear surgery? | Anaesthesiol Clin Pharmacol.
2013;29:205-210.

Kim KM, Huh J, Lee SK, Park EY, Lee JM, Kim HJ.
Combination of gabapentin and ramosetron for the pre-
vention of postoperative nausea and vomiting after gyne-
cologic laparoscopic surgery: a prospective randomized
comparative study. BMC Anesthesiol. 2017;17:65.

Kim WJ, Kang H, Shin HY, et al. Ramosetron, midazolam,
and combination of ramosetron and midazolam for pre-
vention of postoperative nausea and vomiting: a pro-
spective, randomized, double-blind study. | Int Med Res.
2013;41:1203-1213.

Joo J, Park YG, Baek J, Moon YE. Haloperidol dose com-
bined with dexamethasone for PONV prophylaxis in
high-risk patients undergoing gynecological laparoscopic
surgery: a prospective, randomized, double-blind, dose-
response and placebo-controlled study. BMC Anesthesiol.
2015;15:99.

Wang PK, Tsay PJ, Huang CC, et al. Comparison of dexa-
methasone with ondansetron or haloperidol for preven-
tion of patient-controlled analgesia-related postoperative
nausea and vomiting: a randomized clinical trial. World |
Surg. 2012;36:775-781.

Sirajuddin M, Naqvi S, Murtaza G, Abbas N.
Metoclopramide alone and metoclopramide with dimen-
hydrinate for prophylaxis of post operative nausea &
vomiting in patients admitted in day care for breast sur-
gery | M. Sirajuddin | request PDE. Medical Channel.
2014;20:39-42.

Candiotti KA, Kranke P, Bergese SD, et al. Randomized,
double-blind, placebo-controlled study of intravenous
amisulpride as treatment of established postoperative
nausea and vomiting in patients who have had no prior
prophylaxis. Anesth Analg. 2019;128:1098-1105.
Aghadavoudi O, Mirkheshti M. Evaluating the effect of
intravenous haloperidol and midazolam on postoperative
nausea and vomiting after strabismus surgery. | Isfahan
Medical School. 2019;32:281.

Honarmand A, Safavi M, Khalili G, Mohammadnejad
F. Prophylactic administration of haloperidol plus mid-
azolam reduces postoperative nausea and vomiting better
than using each drug alone in patients undergoing middle
ear surgery. Saudi | Anaesth. 2012;6:145-151.

Ana Sofia del Castillo S, de Gutierrez CB, Sardi N.
Effectiveness and cost-benefit of using acupuncture as pro-
phylaxis for postoperative nausea and vomiting. Revista
Mexicana de Anestesiologia. 2011;34:67-78.

White PF, Zhao M, Tang ], et al. Use of a disposable acu-
pressure device as part of a multimodal antiemetic strat-
egy for reducing postoperative nausea and vomiting.
Anesth Analg. 2012;115:31-37.

Nado H, Singh N, Laithangbam PKS, Shanti Devi RK,
Alemwapang O, Gangmei FL. A comparative study
between propofol and propofol plus dexamethasone as
antiemetic during cesarean section under spinal anesthe-
sia. | Med Soc. 2017;31:174-177.

ANESTHESIA & ANALGESIA



=2 SPECIAL ARTICLE

194.

195.

187ZIMNZIDBPXZOBBAR0ATOAEIOYIASALLIAIPOOAEIEAHIOII/AD AUMY TXOMADYOINX OH

1SABZIYTCH+erNIOITWNOTIZTARY HAOGHA QUG Aq eisableue-eisayisaue/wod mm| sfeulnol//:dny woly papeojumod

¥¢0¢/6¢/1T uo

203.

204.

205.

206.

207.

196.

197.

198.

199.

200.

201.

202.

Kizileik N, Bilgen S, Menda F, et al. Comparison of
dexamethasone-dimenhydrinate and dexamethasone-
ondansetron in prevention of nausea and vomiting in post-
operative patients. Aesthetic Plast Surg. 2017;41:204-210.
Misra S, Parthasarathi G, Vilanilam GC. The effect of
gabapentin premedication on postoperative nausea, vom-
iting, and pain in patients on preoperative dexametha-
sone undergoing craniotomy for intracranial tumors. |
Neurosurg Anesthesiol. 2013;25:386-391.

Shen YD, Chen CY, Wu CH, Cherng YG, Tam KW.
Dexamethasone, ondansetron, and their combination and
postoperative nausea and vomiting in children undergo-
ing strabismus surgery: a meta-analysis of randomized
controlled trials. Paediatr Anaesth. 2014;24:490-498.
Shende D, Bharti N, Kathirvel S, Madan R. Combination of
droperidol and ondansetron reduces PONV after pediatric
strabismus surgery more than single drug therapy. Acta
Anaesthesiol Scand. 2001;45:756-760.

Holt R, Rask P, Coulthard KP, et al. Tropisetron plus
dexamethasone is more effective than tropisetron alone
for the prevention of postoperative nausea and vomiting
in children undergoing tonsillectomy. Paediatr Anaesth.
2000;10:181-188.

Tricco AC, Soobiah C, Blondal E, et al. Comparative effi-
cacy of serotonin (5-HT3) receptor antagonists in patients
undergoing surgery: a systematic review and network
meta-analysis. BMC Med. 2015;13:136.

Apfel CC, Korttila K, Abdalla M, et al. An international
multicenter protocol to assess the single and combined
benefits of antiemetic interventions in a controlled clinical
trial of a 2x2x2x2x2x2 factorial design (IMPACT). Control
Clin Trials. 2003;24:736-751.

Wang XX, Zhou Q, Pan DB, et al. Dexamethasone versus
ondansetron in the prevention of postoperative nausea
and vomiting in patients undergoing laparoscopic sur-
gery: a meta-analysis of randomized controlled trials.
BMC Anesthesiol. 2015;15:118.

Yazbeck-Karam VG, Siddik-Sayyid SM, Barakat HB,
Korjian S, Aouad MT. Haloperidol versus ondansetron
for treatment of established nausea and vomiting follow-
ing general anesthesia: a randomized clinical trial. Anesth
Analg. 2017;124:438-444.

Joo ], Park S, Park HJ, Shin SY. Ramosetron versus ondan-
setron for postoperative nausea and vomiting in strabis-
mus surgery patients. BMC Anesthesiol. 2016;16:41.

Ryu JH, Lee JE, Lim Y], et al. A prospective, randomized,
double-blind, and multicenter trial of prophylactic effects
of ramosetronon postoperative nausea and vomiting
(PONV) after craniotomy: comparison with ondansetron.
BMC Anesthesiol. 2014;14:63.

Savant K, Khandeparker RV, Berwal V, Khandeparker PV,
Jain H. Comparison of ondansetron and granisetron for
antiemetic prophylaxis in maxillofacial surgery patients
receiving general anesthesia: a prospective, randomised,
and double blind study. ] Korean Assoc Oral Maxillofac Surg.
2016;42:84-89.

Kim SH, Hong JY, Kim WO, Kil HK, Karm MH, Hwang JH.
Palonosetron has superior prophylactic antiemetic efficacy
compared with ondansetron or ramosetron in high-risk
patients undergoing laparoscopic surgery: a prospective,
randomized, double-blinded study. Korean | Anesthesiol.
2013;64:517-523.

Moon YE, Joo J, Kim JE, Lee Y. Anti-emetic effect of
ondansetron and palonosetron in thyroidectomy: a pro-
spective, randomized, double-blind study. Br | Anaesth.
2012;108:417-422.

August 2020 e Volume 131 ¢ Number 2

Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

208.

209.

210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

221.

222.

Park SK, Cho EJ. A randomized, double-blind trial of
palonosetron compared with ondansetron in preventing
postoperative nausea and vomiting after gynaecological
laparoscopic surgery. | Int Med Res. 2011;39:399-407.
Tsutsumi YM, Kakuta N, Soga T, et al. The effects of intra-
venous fosaprepitant and ondansetron for the prevention
of postoperative nausea and vomiting in neurosurgery
patients: a prospective, randomized, double-blinded
study. Biomed Res Int. 2014;2014:307025.

Wu 5], Xiong XZ, Cheng TY, Lin YX, Cheng NS. Efficacy
of ondansetron vs metoclopramide in prophylaxis of
postoperative nausea and vomiting after laparoscopic
cholecystectomy: a systematic review and meta-analysis.
Hepatogastroenterology. 2012;59:2064-2074.

Kamali A, Ahmadi L, Shokrpour M, PazukiS. Investigation
of ondansetron, haloperidol, and dexmedetomidine effi-
cacy for prevention of postoperative nausea and vomit-
ing in patients with abdominal hysterectomy. Open Access
Maced | Med Sci. 2018;6:1659-1663.

Department of Health and Human Services US.
Ondansetron (Zofran) 1V: Drug Safety Communication-QT
Prolongation. 2012.

Bhattacharjee DP, Dawn S, Nayak S, Roy PR, Acharya A,
Dey R. A comparative study between palonosetron and
granisetron to prevent postoperative nausea and vomit-
ing after laparoscopic cholecystectomy. | Anaesthesiol Clin
Pharmacol. 2010;26:480-483.

Chan MT, Chui PT, Ho WS, King WW. Single-dose tropi-
setron for preventing postoperative nausea and vomiting
after breast surgery. Anesth Analg. 1998;87:931-935.

Alon E, Kocian R, Nett PC, Koechli OR, Baettig U,
Grimaudo V. Tropisetron for the prevention of postopera-
tive nausea and vomiting in women undergoing gyneco-
logic surgery. Anesth Analg. 1996;82:338-341.

Yokoi A, Mihara T, Ka K, Goto T. Comparative efficacy of
ramosetron and ondansetron in preventing postoperative
nausea and vomiting: an updated systematic review and
meta-analysis with trial sequential analysis. PLoS One.
2017;12:0186006.

Roh GU, Yang SY, Shim JK, Kwak YL. Efficacy of palo-
nosetron versus ramosetron on preventing opioid-based
analgesia-related nausea and vomiting after lumbar spi-
nal surgery: a prospective, randomized, and double-blind
trial. Spine (Phila Pa 1976). 2014;39:E543-E549.

Choi YS, Sohn HM, Do SH, Min KT, Woo JH, Baik H]J.
Comparison of ramosetron and ondansetron for the treat-
ment of established postoperative nausea and vomiting
after laparoscopic surgery: a prospective, randomized,
double-blinded multicenter trial. Ther Clin Risk Manag.
2018;14:601-606.

Rojas C, Stathis M, Thomas AG, et al. Palonosetron exhib-
its unique molecular interactions with the 5-HT3 receptor.
Anesth Analg. 2008;107:469-478.

Rojas C, Raje M, Tsukamoto T, Slusher BS. Molecular
mechanisms of 5-HT(3) and NK(1) receptor antagonists in
prevention of emesis. Eur | Pharmacol. 2014;722:26-37.
Park SK, Cho EJ. A randomized controlled trial of two dif-
ferent interventions for the prevention of postoperative
nausea and vomiting: total intravenous anaesthesia using
propofol and remifentanil versus prophylactic palono-
setron with inhalational anaesthesia using sevoflurane-
nitrous oxide. | Int Med Res. 2011;39:1808-1815.

Bang YS, Kim YU, Oh D, Shin EY, Park SK. A ran-
domized, double-blind trial evaluating the efficacy of
palonosetron with total intravenous anesthesia using pro-
pofol and remifentanil for the prevention of postoperative

www.anesthesia-analgesia.org 441



Management of Postoperative Nausea and Vomiting

223.

224.

226.

227.

228.

229.

187ZIMNZIDBPXZOBBAR0ATOAEIOYIASALLIAIPOOAEIEAHIOII/AD AUMY TXOMADYOINX OH

1SABZIYTCH+erNIOITWNOTIZTARY HAOGHA QUG Aq eisableue-eisayisaue/wod mm| sfeulnol//:dny woly papeojumod

230.

¥¢0¢/6¢/1T uo

231.

232.

233.

234.

235.

236.

442

Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

225.

nausea and vomiting after gynecologic surgery. | Anesth.
2016;30:935-940.

Kang JW, Park SK. Evaluation of the ability of continuous
palonosetron infusion, using a patient-controlled analge-
sia device, to reduce postoperative nausea and vomiting.
Korean | Anesthesiol. 2014;67:110-114.

Diemunsch P, Gan TJ, Philip BK, et al; Aprepitant-PONV
Protocol 091 International Study Group. Single-dose apre-
pitant vs ondansetron for the prevention of postoperative
nausea and vomiting: a randomized, double-blind phase
III trial in patients undergoing open abdominal surgery. Br
J Anaesth. 2007;99:202-211.

Kakuta N, Kume K, Hamaguchi E, et al. The effects of
intravenous fosaprepitant and ondansetron in the preven-
tion of postoperative nausea and vomiting in patients who
underwent lower limb surgery: a prospective, random-
ized, double-blind study. | Anesth. 2015;29:836-841.
Murakami C, Kakuta N, Kume K, et al. A comparison
of fosaprepitant and ondansetron for preventing post-
operative nausea and vomiting in moderate to high risk
patients: a retrospective database analysis. Biomed Res Int.
2017;2017:5703528.

Soga T, Kume K, Kakuta N, et al. Fosaprepitant versus
ondansetron for the prevention of postoperative nau-
sea and vomiting in patients who undergo gynecologic
abdominal surgery with patient-controlled epidural anal-
gesia: a prospective, randomized, double-blind study. |
Anesth. 2015;29:696-701.

Kranke P, Thompson JP, Dalby PL, et al. Comparison
of vestipitant with ondansetron for the treatment of
breakthrough postoperative nausea and vomiting after
failed prophylaxis with ondansetron. Br | Anaesth.
2015;114:423-429.

Yamanaga S, Posselt AM, Freise CE, Kobayashi T, Tavakol
M, Kang SM. A single perioperative injection of dexameth-
asone decreases nausea, vomiting, and pain after laparo-
scopic donor nephrectomy. | Transplant. 2017;2017:3518103.
Yue C, Wei R, Liu Y. Perioperative systemic steroid for
rapid recovery in total knee and hip arthroplasty: a sys-
tematic review and meta-analysis of randomized trials. |
Orthop Surg Res. 2017;12:100.

Mihara T, Ishii T, Ka K, Goto T. Effects of steroids on qual-
ity of recovery and adverse events after general anesthesia:
meta-analysis and trial sequential analysis of randomized
clinical trials. PLoS One. 2016;11:€0162961.

Zou Z, Jiang Y, Xiao M, Zhou R. The impact of prophylac-
tic dexamethasone on nausea and vomiting after thyroid-
ectomy: a systematic review and meta-analysis. PLoS One.
2014;9:€109582.

Paul AA, George SK, Ranjan RV, et al. Randomised control
study of palonosetron versus dexamethasone in preventing
postoperative nausea and vomiting following ear and nose
surgeries under general anesthesia. | Clin Diagn Res. 2018;12.
Chatterjee A, Sahu S, Paul M, Singh T, Singh S, Mishra P.
Comparison of efficacy of palonosetron-dexamethasone
combination with palonosetron or dexamethasone alone
for prophylaxis against post-operative nausea and vomit-
ing in patients undergoing laparoscopic cholecystectomy.
Indian | Anaesth. 2017,61:978-984.

Singh PM, Borle A, Panwar R, et al. Perioperative anti-
emetic efficacy of dexamethasone versus 5-HT3 receptor
antagonists: a meta-analysis and trial sequential analy-
sis of randomized controlled trials. Eur | Clin Pharmacol.
2018;74:1201-1214.

Liu X, Liu J, Sun G. Preoperative intravenous glucocorti-
coids can reduce postoperative acute pain following total
knee arthroplasty. Medicine (United States). 2017;96:€7836.

www.anesthesia-analgesia.org

237.

238.

239.

240.

241.

242.

243.

244,

245.

246.

247.

248.

249.

250.

251.

Parthasarathy P, Babu K, Raghavendra Rao RS, Raghuram
S. The effect of single-dose intravenous dexamethasone on
postoperative pain and postoperative nausea and vomit-
ing in patients undergoing surgery under spinal anes-
thesia: a double-blind randomized clinical study. Anesth
Essays Res. 2018;12:313-317.

Waldron NH, Jones CA, Gan TJ, Allen TK, Habib AS.
Impact of perioperative dexamethasone on postoperative
analgesia and side-effects: systematic review and meta-
analysis. Br | Anaesth. 2013;110:191-200.

Cortes-Flores AO, Jimenez-Tornero J, Morgan-Villela G,
et al. Effects of preoperative dexamethasone on postop-
erative pain, nausea, vomiting and respiratory function in
women undergoing conservative breast surgery for can-
cer: results of a controlled clinical trial. European | Cancer
Care. 2018;27:12686.

Kleif J, Kirkegaard A, Vilandt J, Gogenur I. Randomized
clinical trial of preoperative dexamethasone on postopera-
tive nausea and vomiting after laparoscopy for suspected
appendicitis. Br | Surg. 2017;104:384-392.

Backes JR, Bentley JC, Politi JR, Chambers BT.
Dexamethasone reduces length of hospitalization and
improves postoperative pain and nausea after total joint
arthroplasty: a prospective, randomized controlled trial. |
Arthroplasty. 2013;28:11-17.

Polderman JA, Farhang-Razi V, Van Dieren S, et al
Adverse side effects of dexamethasone in surgical patients.
Cochrane Database Syst Rev. 2018;8:CD011940.

Sandini M, Ruscic K], Ferrone CR, et al. Intraoperative
dexamethasone decreases infectious complications after
pancreaticoduodenectomy and is associated with long-
term survival in pancreatic cancer. Ann Surg Oncol.
2018;25:4020-4026.

Toner AJ, Ganeshanathan V, Chan MT, Ho KM, Corcoran
TB. Safety of perioperative glucocorticoids in elective non-
cardiac surgery: a systematic review and meta-analysis.
Anesthesiology. 2017;126:234-248.

Tien M, Gan TJ, Dhakal I, et al. The effect of anti-emetic
doses of dexamethasone on postoperative blood glu-
cose levels in non-diabetic and diabetic patients: a pro-
spective randomised controlled study. Anaesthesia.
2016;71:1037-1043.

Low Y, White WD, Habib AS. Postoperative hyperglyce-
mia after 4- vs 8-10-mg dexamethasone for postoperative
nausea and vomiting prophylaxis in patients with type II
diabetes mellitus: a retrospective database analysis. | Clin
Anesth. 2015,27:589-594.

Godshaw BM, Mehl AE, Shaffer JG, Meyer MS, Thomas
LC, Chimento GF. The effects of peri-operative dexameth-
asone on patients undergoing total hip or knee arthro-
plasty: is it safe for diabetics? | Arthroplasty. 2018;18:18.
Kainulainen S, Lassus P, Suominen AL, et al. More harm
than benefit of perioperative dexamethasone on recov-
ery following reconstructive head and neck cancer sur-
gery: a prospective double-blind randomized trial. | Oral
Maxillofacial Surg. 2018;01:01.

Keller M, Brigger MT. The steroid controversy: where are
we? ORL ] Otorhinolaryngol Relat Spec. 2013;75:155-164.
Mahant S, Keren R, Localio R, et al; Pediatric Research in
Inpatient Settings (PRIS) Network. Dexamethasone and
risk of bleeding in children undergoing tonsillectomy.
Otolaryngol Head Neck Surg. 2014;150:872-879.

De Oliveira GS Jr, McCarthy R, Turan A, Schink JC,
Fitzgerald PC, Sessler DI. Is dexamethasone associ-
ated with recurrence of ovarian cancer? Anesth Analg.
2014;118:1213-1218.

ANESTHESIA & ANALGESIA



=2 SPECIAL ARTICLE

252.

253.

187ZIMNZIDBPXZOBBAR0ATOAEIOYIASALLIAIPOOAEIEAHIOII/AD AUMY TXOMADYOINX OH

1SABZIYTCH+erNIOITWNOTIZTARY HAOGHA QUG Aq eisableue-eisayisaue/wod mm| sfeulnol//:dny woly papeojumod

¥¢0¢/6¢/1T uo

263.

264.

265.

266.

267.

268.

254.

255.

256.

257.

258.

259.

260.

261.

262.

Merk BA, Havrilesky L], Ehrisman JA, Broadwater G,
Habib AS. Impact of postoperative nausea and vomiting
prophylaxis with dexamethasone on the risk of recurrence
of endometrial cancer. Curr Med Res Opin. 2016;32:453-458.
XuH, Zhang S, Xie ], Lei Y, Cao G, Pei F. Multiple doses of
perioperative dexamethasone further improve clinical out-
comes after total knee arthroplasty: a prospective, random-
ized, controlled study. | Arthroplasty. 2018;33:3448-3454.
Wu Y, Lu X, Ma Y, et al. Perioperative multiple low-dose
dexamethasones improves postoperative clinical out-
comes after total knee arthroplasty. BMC Musculoskelet
Disord. 2018;19:428.

Weren M, Demeere JL. Methylprednisolone vs dexa-
methasone in the prevention of postoperative nausea and
vomiting: a prospective, randomised, double-blind, pla-
cebo-controlled trial. Acta Anaesthesiol Belg. 2008;59:1-5.
Hasan MR, Hamilton TW, Stickland L, Trivella M, Murray
D, Hemant Pandit H. Perioperative adjuvant corticoste-
roids for postoperative analgesia in knee arthroplasty. Acta
Orthopaedica. 2018;89:71-76.

Bjerregaard LS, Jensen PF, Bigler DR, et al. High-dose
methylprednisolone in video-assisted thoracoscopic
surgery lobectomy: a randomized controlled trial. Eur |
Cardiothorac Surg. 2018;53:209-215.

OlandersKJ, Lundgren GA, Johansson AM. Betamethasone
in prevention of postoperative nausea and vomiting fol-
lowing breast surgery. | Clin Anesth. 2014;26:461-465.
Smyla N, Eberhart L, Weibel S, Kranke P. Amisulpride for
the prevention and treatment of postoperative nausea and
vomiting: a quantitative systematic review (meta-analy-
sis). Drugs Future. 2019;44:453.

Habib AS, Kranke P, Bergese SD, et al. Amisulpride for the
rescue treatment of postoperative nausea or vomiting in
patients failing prophylaxis: a randomized, placebo-con-
trolled phase III trial. Anesthesiology. 2019;130:203-212.
Kranke P, Bergese SD, Minkowitz HS, et al. Amisulpride
prevents postoperative nausea and vomiting in patients at
high risk: a randomized, double-blind, placebo-controlled
trial. Anesthesiology. 2018;128:1099-1106.

Taubel ], Ferber G, Fox G, Fernandes S, Lorch U, Camm
AJ. Thorough QT study of the effect of intravenous amis-
ulpride on QTc interval in Caucasian and Japanese healthy
subjects. Br | Clin Pharmacol. 2017;83:339-348.

Habib AS, Gan TJ. Food and drug administration black
box warning on the perioperative use of droperidol: a
review of the cases. Anesth Analg. 2003;96:1377-1379.
Tracz K, Owczuk R. Small doses of droperidol do not pres-
ent relevant torsadogenic actions: a double-blind, ondanse-
tron-controlled study. Br ] Clin Pharmacol. 2015;79:669-676.
Agamez Medina GL, Gonzalez-Arévalo A, Gomez-Arnau
JI, et al. Effects of droperidol and ondansetron on disper-
sion of ventricular repolarization: a randomized double-
blind clinical study in anesthetized adult patients. Rev Esp
Anestesiol Reanim. 2015;62:495-501.

Chan MT, Choi KC, Gin T, et al. The additive interac-
tions between ondansetron and droperidol for prevent-
ing postoperative nausea and vomiting. Anesth Analg.
2006;103:1155-1162.

Nuttall GA, Malone AM, Michels CA, et al. Does low-dose
droperidol increase the risk of polymorphic ventricular
tachycardia or death in the surgical patient? Anesthesiology.
2013;118:382-386.

Charton A, Greib N, Ruimy A, et al. Incidence of akathi-
sia after postoperative nausea and vomiting prophylaxis
with droperidol and ondansetron in outpatient surgery: a
multicentre controlled randomised trial. Eur | Anaesthesiol.
2018;35:966-971.

August 2020 e Volume 131 ¢ Number 2

Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

269.

270.

271.

272.

273.

274.

275.

276.

277.

278.

279.

280.

281.

282.

283.

284.

Schaub I, Lysakowski C, Elia N, Tramer MR. Low-dose
droperidol (<1 mg or <15 pg kg-1) for the prevention of
postoperative nausea and vomiting in adults: quantitative
systematic review of randomised controlled trials. Eur |
Anaesthesiol. 2012;29:286-294.

Habib AS, Gan TJ. Haloperidol for postoperative nausea
and vomiting: are we reinventing the wheel? Anesth Analg.
2008;106:1343-1345.

Singh PM, Borle A, Makkar JK, Trikha A, Fish D, Sinha A.
Haloperidol versus 5-HT3 receptor antagonists for post-
operative vomiting and QTc prolongation: a noninferiority
meta-analysis and trial sequential analysis of randomized
controlled trials. | Clin Pharmacol. 2018;58:131-143.

Wang TF, Liu YH, Chu CC, Shieh JP, Tzeng JI, Wang JJ.
Low-dose haloperidol prevents post-operative nausea
and vomiting after ambulatory laparoscopic surgery. Acta
Anaesthesiol Scand. 2008;52:280-284.

Yang YL, Lai HY, Wang JJ, et al. The timing of haloperidol
administration does not affect its prophylactic antiemetic
efficacy. Can | Anaesth. 2008;55:270-275.

Henzi I, Walder B, Tramer MR. Metoclopramide in the pre-
vention of postoperative nausea and vomiting: a quantita-
tive systematic review of randomized, placebo-controlled
studies. Br | Anaesth. 1999;83:761-771.

Habib AS, Gan TJ. Scientific fraud: impact of Fujii’s data
on our current knowledge and practice for the manage-
ment of postoperative nausea and vomiting. Anesth Analg.
2013;116:520-522.

De Oliveira GS Jr, Bialek J, Marcus R], McCarthy R. Dose-
ranging effect of systemic diphenhydramine on postop-
erative quality of recovery after ambulatory laparoscopic
surgery: a randomized, placebo-controlled, double-
blinded, clinical trial. ] Clin Anesth. 2016,;34:46-52.
Deitrick CL, Mick DJ, Lauffer V, Prostka E, Nowak D,
Ingersoll G. A comparison of two differing doses of pro-
methazine for the treatment of postoperative nausea and
vomiting. | Perianesth Nurs. 2015;30:5-13.

Habib AS, Reuveni J, Taguchi A, White WD, Gan TJ. A
comparison of ondansetron with promethazine for treat-
ing postoperative nausea and vomiting in patients who
received prophylaxis with ondansetron: a retrospective
database analysis. Anesth Analg. 2007;104:548-551.

FDA Requires Boxed Warning for Promethazine
Hydrochloride Injection. 2009. Available at: www.fda.
gov/NewsEvents/Newsroom/PressAnnouncements/
ucm182498.htm. Accessed March 17, 2020.

Action Needed to Prevent Serious Tissue Injury with IV
Promethazine. 2016. Available at: https:/ /www.ismp.org/
resources/action-needed-prevent-serious-tissue-injury-
iv-promethazine. Accessed March 20, 2020.

Khademi S, Ghaffarpasand F, Heiran HR, Asefi A. Effects
of preoperative gabapentin on postoperative nausea and
vomiting after open cholecystectomy: a prospective ran-
domized double-blind placebo-controlled study. Med
Princ Pract. 2010;19:57-60.

Pandey CK, Priye S, Ambesh SP, Singh S, Singh U, Singh
PK. Prophylactic gabapentin for prevention of postopera-
tive nausea and vomiting in patients undergoing laparo-
scopic cholecystectomy: a randomized, double-blind,
placebo-controlled study. | Postgrad Med. 2006,52:97-100.
Kog¢ S, Memis D, Sut N. The preoperative use of gaba-
pentin, dexamethasone, and their combination in varico-
cele surgery: a randomized controlled trial. Anesth Analg.
2007;105:1137-1142.

Wang L, Dong Y, Zhang J, Tan H. The efficacy of gabapen-
tin in reducing pain intensity and postoperative nausea

www.anesthesia-analgesia.org 443


http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm182498.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm182498.htm
http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm182498.htm
https://www.ismp.org/resources/action-needed-prevent-serious-tissue-injury-iv-promethazine
https://www.ismp.org/resources/action-needed-prevent-serious-tissue-injury-iv-promethazine
https://www.ismp.org/resources/action-needed-prevent-serious-tissue-injury-iv-promethazine

Management of Postoperative Nausea and Vomiting

285.

286.

287.

288.

289.

290.

291.

292.

293.

187ZIMNZIDBPXZOBBAR0ATOAEIOYIASALLIAIPOOAEIEAHIOII/AD AUMY TXOMADYOINX OH

1SABZIYTCH+erNIOITWNOTIZTARY HAOGHA QUG Aq eisableue-eisayisaue/wod mm| sfeulnol//:dny woly papeojumod

294.

¥¢0¢/6¢/1T uo

295.

296.

297.

298.

299.

300.

301.

444

Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

and vomiting following laparoscopic cholecystectomy: a
meta-analysis. Medicine (Baltimore). 2017;96:e8007.
Achuthan S, Singh I, Varthya SB, Srinivasan A, Chakrabarti
A, Hota D. Gabapentin prophylaxis for postoperative nau-
sea and vomiting in abdominal surgeries: a quantitative
analysis of evidence from randomized controlled clinical
trials. Br | Anaesth. 2015;114:588-597.

FDA. FDA Requires New Warnings for Gabapentinoids About
Risk of Respiratory Depression. Silver Spring, MD: FDA; 2019.
Ahn EJ, Kang H, Choi GJ, Baek CW, Jung YH, Woo YC.
The effectiveness of midazolam for preventing postopera-
tive nausea and vomiting: a systematic review and meta-
analysis. Anesth Analg. 2016;122:664-676.

Grant MC, Kim J, Page AJ, Hobson D, Wick E, Wu CL.
The effect of intravenous midazolam on postoperative
nausea and vomiting: a meta-analysis. Anesth Analg.
2016;122:656-663.

Safavi MR, Honarmand A. Low dose intravenous mid-
azolam for prevention of PONV, in lower abdominal
surgery—preoperative vs intraoperative administration.
Middle East | Anaesthesiol. 2009;20:75-81.

Lee Y, Wang J], Yang YL, Chen A, Lai HY. Midazolam vs
ondansetron for preventing postoperative nausea and
vomiting: a randomised controlled trial. Anaesthesia.
2007;62:18-22.

Jabalameli M, Honarmand A, Safavi M, Chitsaz M.
Treatment of postoperative nausea and vomiting after spi-
nal anesthesia for cesarean delivery: a randomized, dou-
ble-blinded comparison of midazolam, ondansetron, and
a combination. Adv Biomed Res. 2012;1:2.

Rothenberg DM, Parnass SM, Litwack K, McCarthy R]J,
Newman LM. Efficacy of ephedrine in the prevention
of postoperative nausea and vomiting. Anesth Analg.
1991;72:58-61.

Hagemann E, Halvorsen A, Holgersen O, Tveit T, Raeder
JC. Intramuscular ephedrine reduces emesis during the
first three hours after abdominal hysterectomy. Acta
Anaesthesiol Scand. 2000;44:107-111.

Lee A, Chan SK, Fan LT. Stimulation of the wrist acupunc-
ture point PC6 for preventing postoperative nausea and
vomiting. Cochrane Database Syst Rev. 2015;11:CD003281.
Frey UH, Scharmann P, Lohlein C, Peters J. P6 acustimula-
tion effectively decreases postoperative nausea and vomit-
ing in high-risk patients. Br | Anaesth. 2009;102:620-625.
Arnberger M, Stadelmann K, Alischer P, Ponert R, Melber
A, Greif R. Monitoring of neuromuscular blockade at the P6
acupuncture point reduces the incidence of postoperative
nausea and vomiting. Anesthesiology. 2007;107:903-908.
Kim YH, Kim KS, Lee HJ, Shim JC, Yoon SW. The efficacy
of several neuromuscular monitoring modes at the P6 acu-
puncture point in preventing postoperative nausea and
vomiting. Anesth Analg. 2011;112:819-823.

Alizadeh R, Esmaeili S, Shoar S, Bagheri-Hariri S, Shoar
N. Acupuncture in preventing postoperative nausea and
vomiting: efficacy of two acupuncture points versus a sin-
gle one. | Acupunct Meridian Stud. 2014;7:71-75.

Chen ZY, Lin L, Wang HH, et al. Ondansetron combined
with ST36 (Zusanli) acupuncture point injection for post-
operative vomiting. Acupunct Med. 2014;32:124-131.
Zorrilla-Vaca A, Marmolejo-Posso D, Stone A, Li J, Grant
MC. Perioperative dextrose infusion and postoperative
nausea and vomiting: a meta-analysis of randomized tri-
als. Anesth Analg. 2019;129:943-950.

Awad S, Varadhan KK, Ljungqvist O, Lobo DN. A meta-
analysis of randomised controlled trials on preoperative
oral carbohydrate treatment in elective surgery. Clin Nutr.
2013;32:34-44.

www.anesthesia-analgesia.org

302.

303.

304.

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

Hines S, Steels E, Chang A, Gibbons K. Aromatherapy for
treatment of postoperative nausea and vomiting. Cochrane
Database Syst Rev. 2018,3:CD007598.

Toth B, Lantos T, Hegyi P, et al. Ginger (Zingiber offici-
nale): an alternative for the prevention of postoperative
nausea and vomiting. A meta-analysis. Phytomedicine.
2018;50:8-18.

Hovaguimian F, Lysakowski C, Elia N, Tramer MR. Effect
of intraoperative high inspired oxygen fraction on surgi-
cal site infection, postoperative nausea and vomiting,
and pulmonary function: systematic review and meta-
analysis of randomized controlled trials. Anesthesiology.
2013;119:303-316.

Darvall JN, Handscombe M, Leslie K. Chewing gum for the
treatment of postoperative nausea and vomiting: a pilot
randomized controlled trial. Br | Anaesth. 2017;118:83-89.
Kekecs Z, Nagy T, Varga K. The effectiveness of suggestive
techniques in reducing postoperative side effects: a meta-
analysis of randomized controlled trials. Anesth Analg.
2014;119:1407-1419.

Lincoln V, Nowak EW, Schommer B, Briggs T, Fehrer A,
Wax G. Impact of healing touch with healing harp on inpa-
tient acute care pain: a retrospective analysis. Holist Nurs
Pract. 2014;28:164-170.

Kurdi MS, Gasti V. Intraoperative meditation music as
an adjunct to subarachnoid block for the improvement
of postoperative outcomes following cesarean section: a
randomized placebo-controlled comparative study. Anesth
Essays Res. 2018;12:618-624.

Prapaitrakool S, Itharat A. Morinda citrifolia Linn. for pre-
vention of postoperative nausea and vomiting. | Med Assoc
Thai. 2010;93(Suppl 7):5204-5209.

Barrons RW, Woods JA. Low-dose naloxone for prophylaxis
of postoperative nausea and vomiting: a systematic review
and meta-analysis. Pharmacotherapy. 2017;37:546-554.
Ahsan K, Abbas N, Naqvi SM, Murtaza G, Tariq S.
Comparison of efficacy of ondansetron and dexametha-
sone combination and ondansetron alone in preventing
postoperative nausea and vomiting after laparoscopic cho-
lecystectomy. ] Pak Med Assoc. 2014;64:242-246.

Desai S, Santosh MC, Annigeri R, Santoshi VB, Rao R.
Comparison of the antiemetic effect of ramosetron with
the combination of dexamethasone and ondansetron in
middle ear surgery: a double-blind, randomized clinical
study. Saudi | Anaesth. 2013;7:254-258.

Gupta R, Srivastava S, Dhiraaj S, Chovatiya PP. Minimum
effective dose of dexamethasone in combination with
midazolam as prophylaxis against postoperative nausea
and vomiting after laparoscopic cholecystectomy. Anesth
Essays Res. 2018;12:396-401.

Bhattarai B, Shrestha S, Singh J. Comparison of ondanse-
tron and combination of ondansetron and dexamethasone
as a prophylaxis for postoperative nausea and vomiting in
adults undergoing elective laparoscopic surgery. | Emerg
Trauma Shock. 2011;4:168-172.

Honarmand A, Safavi M, Chegeni M, Hirmanpour A,
Nazem M, Sarizdi SH. Prophylactic antiemetic effects of
midazolam, ondansetron, and their combination after
middle ear surgery. ] Res Pharm Pract. 2016;5:16-21.

Imeh A, Olaniyi O, Simeon O, Omotola O. Dexamethasone
versus a combination of dexamethasone and ondansetron
as prophylactic antiemetic in patients receiving intra-
thecal morphine for caesarean section. Afr Health Sci.
2014;14:453-459.

Kiran A, Panchaksharimath P, Sharvani R. Comparison of
the efficacy of ondansetron versus ondansetron and dexa-
methasone in the prevention/ reduction of post-operative

ANESTHESIA & ANALGESIA



=2 SPECIAL ARTICLE

318.

319.

187ZIMNZIDBPXZOBBAR0ATOAEIOYIASALLIAIPOOAEIEAHIOII/AD AUMY TXOMADYOINX OH

1SABZIYTCH+erNIOITWNOTIZTARY HAOGHA QUG Aq eisableue-eisayisaue/wod mm| sfeulnol//:dny woly papeojumod

¥¢0¢/6¢/1T uo

327.

328.

329.

330.

331.

320.

321.

322.

323.

324.

325.

326.

nausea & vomiting after elective surgeries under general
anaesthesia. | Chem Pharm Res. 2013;5:1126-1130.

Lim CS, Ko YK, Kim YH, et al. Efficacy of the oral neuro-
kinin-1 receptor antagonist aprepitant administered with
ondansetron for the prevention of postoperative nausea
and vomiting. Korean | Anesthesiol. 2013;64:212-217.

Park EY, Lee SK, Kang MH, et al. Comparison of ramose-
tron with combined ramosetron and midazolam for pre-
venting postoperative nausea and vomiting in patients at
high risk following laparoscopic gynaecological surgery. |
Int Med Res. 2013;41:654—663.

Kovac AL. Update on the management of postoperative
nausea and vomiting. Drugs. 2013;73:1525-1547.
Didehvar S, Viola-Blitz JD, Haile M, et al. A randomized,
double blind study to evaluate the efficacy of palonosetron
with dexamethasone versus palonosetron alone for pre-
vention of post-operative nausea and vomiting in subjects
undergoing bariatric surgeries with high emetogenic risk.
Open Anesthesiol ]. 2013;7:30-36.

Swaro S, Karan D, Banerjee A. Comparison of palonose-
tron, dexamethasone, and palonosetron plus dexametha-
sone as prophylactic antiemetic and antipruritic drug in
patients receiving intrathecal morphine for lower segment
cesarean section. Anesth Essays Res. 2018;12:322-327.

Park JW, Jun JW, Lim YH, et al. The comparative study
to evaluate the effect of palonosetron monotherapy versus
palonosetron with dexamethasone combination therapy
for prevention of postoperative nausea and vomiting.
Korean | Anesthesiol. 2012;63:334-339.

Blitz JD, Haile M, Kline R, et al. A randomized double
blind study to evaluate efficacy of palonosetron with
dexamethasone versus palonosetron alone for prevention
of postoperative and postdischarge nausea and vomiting
in subjects undergoing laparoscopic surgeries with high
emetogenic risk. Am | Ther. 2012;19:324-329.

Yoo JH, Kim SI, Chung JW, Jun MR, Han YM, Kim Y].
Aprepitant in combination with palonosetron for the pre-
vention of postoperative nausea and vomiting in female
patients using intravenous patient-controlled analgesia.
Korean | Anesthesiol. 2018;71:440—446.

Sharma AN, Shankaranarayana P. Postoperative nau-
sea and vomiting: palonosetron with dexamethasone vs
ondansetron with dexamethasone in laparoscopic hyster-
ectomies. Oman Med |. 2015;30:252-256.

Collaborative DTCaWMR. Dexamethasone versus stan-
dard treatment for postoperative nausea and vomiting
in gastrointestinal surgery: randomised controlled trial
(DREAMS Trial). BM]. 2017;357:j1455.

Habib AS, Keifer JC, Borel CO, White WD, Gan TJ. A
comparison of the combination of aprepitant and dexa-
methasone versus the combination of ondansetron and
dexamethasone for the prevention of postoperative nau-
sea and vomiting in patients undergoing craniotomy.
Anesth Analg. 2011;112:813-818.

Green MS, Green P, Malayaman SN, Hepler M, Neubert L],
Horrow JC. Randomized, double-blind comparison of oral
aprepitant alone compared with aprepitant and transder-
mal scopolamine for prevention of postoperative nausea
and vomiting. Br | Anaesth. 2012;109:716-722.

Kasagi Y, Hayashida M, Sugasawa Y, et al. Antiemetic
effect of naloxone in combination with dexamethasone
and droperidol in patients undergoing laparoscopic gyne-
cological surgery. | Anesth. 2013;27:879-884.

El-Deeb A, Ali Y, Rashdy H. Evaluation of combination
antiemetic prophylaxis in high risk emetogenic patients
undergoing thyroid surgery: a randomized double-blind
study. Egypt | Anaesth. 2011;27:203-206.

August 2020 e Volume 131 ¢ Number 2

Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

332.

333.

334.

335.

336.

337.

338.

339.

340.

341.

342.

343.

344.

345.

346.

347.

348.

349.

Ormel G, Romundstad L, Lambert-Jensen P, Stubhaug A.
Dexamethasone has additive effect when combined with
ondansetron and droperidol for treatment of established
PONV. Acta Anaesthesiol Scand. 2011;55:1196-1205.

Riisch D, Eberhart LH, Wallenborn J, Kranke P. Nausea
and vomiting after surgery under general anesthesia: an
evidence-based review concerning risk assessment, pre-
vention, and treatment. Dtsch Arztebl Int. 2010;107:733-741.
Cheong KB, Zhang JP, Huang Y, Zhang ZJ. The effective-
ness of acupuncture in prevention and treatment of post-
operative nausea and vomiting-a systematic review and
meta-analysis. PLoS One. 2013;8:€82474.

D’souza N, Swami M, Bhagwat S. Comparative study of
dexamethasone and ondansetron for prophylaxis of post-
operative nausea and vomiting in laparoscopic gyneco-
logic surgery. Int | Gynaecol Obstet. 2011;113:124-127.
Dzwonczyk R, Weaver TE, Puente EG, Bergese SD.
Postoperative nausea and vomiting prophylaxis from an
economic point of view. Am | Ther. 2012;19:11-15.

Gupta D, Haber H. Emetogenicity-risk procedures in same
day surgery center of an academic university hospital in
United States: a retrospective cost-audit of postoperative
nausea vomiting management. Middle East | Anaesthesiol.
2014;22:493-502.

Parra-Sanchez I, Abdallah R, You ], et al. A time-motion
economic analysis of postoperative nausea and vomiting
in ambulatory surgery. Can | Anaesth. 2012;59:366-375.
Watcha MF, Smith I. Cost-effectiveness analysis of anti-
emetic therapy for ambulatory surgery. | Clin Anesth.
1994;6:370-377.

Tramer MR, Phillips C, Reynolds DJ, McQuay HJ, Moore
RA. Cost-effectiveness of ondansetron for postoperative
nausea and vomiting. Anaesthesia. 1999;54:226-234.
Kranke P, Eberhart LH, Gan TJ], Roewer N, Tramer MR.
Algorithms for the prevention of postoperative nausea
and vomiting: an efficacy and efficiency simulation. Eur |
Anaesthesiol. 2007;24:856-867.

Sanders GD, Neumann PJ, Basu A, et al. Recommendations
for conduct, methodological practices, and reporting of
cost-effectiveness analyses: second panel on cost-effective-
ness in health and medicine. JAMA. 2016,;316:1093-1103.
Drummond MF, Jefferson TO. Guidelines for authors
and peer reviewers of economic submissions to the
BM]J. The BM] economic evaluation working party. BMJ.
1996;313:275-283.

Siegel JE, Weinstein MC, Russell LB, Gold MR.
Recommendations for reporting cost-effectiveness analy-
ses. Panel on cost-effectiveness in health and medicine.
JAMA. 1996;276:1339-1341.

Weinstein MC, Siegel JE, Gold MR, Kamlet MS, Russell
LB. Recommendations of the panel on cost-effectiveness in
health and medicine. JAMA. 1996;276:1253-1258.

Macario A, Weinger M, Carney S, Kim A. Which clinical
anesthesia outcomes are important to avoid? The perspec-
tive of patients. Anesth Analg. 1999;89:652-658.

Gan TJ, Ing R], de L Dear G, Wright D, El-Moalem
HE, Lubarsky DA. How much are patients willing to
pay to avoid intraoperative awareness? | Clin Anesth.
2003;15:108-112.

Diez L. Assessing the willingness of parents to pay for reduc-
ing postoperative emesis in children. Pharmacoeconomics.
1998;13:589-595.

Bocskai T, Loibl C, Vamos Z, et al. Cost-effectiveness of
anesthesia maintained with sevoflurane or propofol with
and without additional monitoring: a prospective, ran-
domized controlled trial. BMC Anesthesiol. 2018;18:100.

www.anesthesia-analgesia.org 445



Management of Postoperative Nausea and Vomiting

350.

351.

352.

353.

354.

355.

356.

357.

358.

187ZIMNZIDBPXZOBBAR0ATOAEIOYIASALLIAIPOOAEIEAHIOII/AD AUMY TXOMADYOINX OH

1SABZIYTCH+erNIOITWNOTIZTARY HAOGHA QUG Aq eisableue-eisayisaue/wod mm| sfeulnol//:dny woly papeojumod

359.

¥¢0¢/6¢/1T uo

360.

361.

362.

363.

364.

365.

446

Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

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

Marrett E, Kwong WJ, Frech F, Qian C. Health care utili-
zation and costs associated with nausea and vomiting in
patients receiving oral immediate-release opioids for out-
patient acute pain management. Pain Ther. 2016;5:215-226.
Carroll NV, Miederhoff PA, Cox FM, Hirsch JD. Costs
incurred by outpatient surgical centers in manag-
ing postoperative nausea and vomiting. | Clin Anesth.
1994;6:364-369.

Dexter F, Tinker JH. Analysis of strategies to decrease post-
anesthesia care unit costs. Anesthesiology. 1995;82:94-101.
Berger ER, Huffman KM, Fraker T, et al. Prevalence and
risk factors for bariatric surgery readmissions: findings
from 130,007 admissions in the metabolic and bariatric
surgery accreditation and quality improvement program.
Ann Surg. 2018;267:122-131.

Scuderi PE, James RL, Harris L, Mims GR 3rd. Antiemetic
prophylaxis does not improve outcomes after outpa-
tient surgery when compared to symptomatic treatment.
Anesthesiology. 1999;90:360-371.

Salman FT, DiCristina C, Chain A, Afzal AS.
Pharmacokinetics and pharmacodynamics of aprepitant
for the prevention of postoperative nausea and vomiting
in pediatric subjects. | Pediatr Surg. 2018;21:21.

Olutoye O, Jantzen EC, Alexis R, Rajchert D, Schreiner
MS, Watcha MF. A comparison of the costs and efficacy of
ondansetron and dolasetron in the prophylaxis of postop-
erative vomiting in pediatric patients undergoing ambula-
tory surgery. Anesth Analg. 2003,97:390-396.

Cieslak GD, Watcha MF, Phillips MB, Pennant JH. The
dose-response relation and cost-effectiveness of granise-
tron for the prophylaxis of pediatric postoperative emesis.
Anesthesiology. 1996;85:1076-1085.

Khalil SN, Roth AG, Cohen IT, et al. A double-blind
comparison of intravenous ondansetron and placebo for
preventing postoperative emesis in 1- to 24-month-old
pediatric patients after surgery under general anesthesia.
Anesth Analg. 2005;101:356-361.

Yildirim MD, Cantekin K. Effect of palonosetron on post-
operative nausea and vomiting in children following den-
tal rehabilitation under general anesthesia. Pediatr Dent.
2014;36:7E-11E.

Bicer C, Aksu R, Ulgey A, et al. Different doses of palo-
nosetron for the prevention of postoperative nausea and
vomiting in children undergoing strabismus surgery.
Drugs R D. 2011;11:29-36.

Geralemou S, Gan T]. Assessing the value of risk indices of
postoperative nausea and vomiting in ambulatory surgical
patients. Curr Opin Anaesthesiol. 2016;29:668-673.

Trameér MR, Moore RA, McQuay HJ. Propofol and bra-
dycardia: causation, frequency and severity. Br | Anaesth.
1997;78:642-651.

Engelman E, Salengros JC, Barvais L. How much does
pharmacologic prophylaxis reduce postoperative vom-
iting in children? Calculation of prophylaxis effec-
tiveness and expected incidence of vomiting under
treatment using Bayesian meta-analysis. Anesthesiology.
2008;109:1023-1035.

Flubacher P, Fournier N, Cherpillod J, Waridel F, Nydegger
M, Albrecht E. A randomised controlled trial of placebo,
droperidol or ondansetron to prevent nausea and vomit-
ing after tonsillectomy in children receiving dexametha-
sone. Anaesthesia. 2017;72:859-863.

www.anesthesia-analgesia.org

366.

367.

368.

369.

370.

371.

372.

373.

374.

375.

376.

377.

378.

379.

380.

381.

Bourdaud N, Frangois C, Jacqmarcq O, et al; VPOP2 group.
Addition of droperidol to prophylactic ondansetron and
dexamethasone in children at high risk for postoperative
vomiting. A randomized, controlled, double-blind study.
Br ] Anaesth. 2017;118:918-923.

Moeen SM. Could acupuncture be an adequate alter-
native to dexamethasone in pediatric tonsillectomy?.
Erratum appears in Paediatr Anaesth. Paediatr Anaesth.
2016;26:807-814.

Kovac AL, O’Connor TA, Pearman MH, et al. Efficacy
of repeat intravenous dosing of ondansetron in control-
ling postoperative nausea and vomiting: a randomized,
double-blind, placebo-controlled multicenter trial. J Clin
Anesth. 1999,11:453-459.

Candiotti KA, Nhuch F, Kamat A, et al. Granisetron versus
ondansetron treatment for breakthrough postoperative
nausea and vomiting after prophylactic ondansetron fail-
ure: a pilot study. Anesth Analg. 2007;104:1370-1373.
Kazemi-Kjellberg F, Henzi I, Tramér MR. Treatment of
established postoperative nausea and vomiting: a quanti-
tative systematic review. BMC Anesthesiol. 2001;1:2.

Habib AS, Gan TJ. The effectiveness of rescue antiemetics
after failure of prophylaxis with ondansetron or droperi-
dol: a preliminary report. | Clin Anesth. 2005;17:62—65.
Gan TJ, Glass PS, Howell ST, Canada AT, Grant AP,
Ginsberg B. Determination of plasma concentrations of
propofol associated with 50% reduction in postoperative
nausea. Anesthesiology. 1997,87:779-784.

Gan T]J, El-Molem H, Ray ], Glass PS. Patient-controlled
antiemesis: a randomized, double-blind comparison of
two doses of propofol versus placebo. Anesthesiology.
1999;90:1564-1570.

Coloma M, White PF, Ogunnaike BO, et al. Comparison of
acustimulation and ondansetron for the treatment of estab-
lished postoperative nausea and vomiting. Anesthesiology.
2002;97:1387-1392.

Gupta A, Stierer T, Zuckerman R, Sakima N, Parker SD,
Fleisher LA. Comparison of recovery profile after ambu-
latory anesthesia with propofol, isoflurane, sevoflu-
rane and desflurane: a systematic review. Anesth Analg.
2004;98:632-641.

Kumar G, Stendall C, Mistry R, Gurusamy K, Walker D.
A comparison of total intravenous anaesthesia using pro-
pofol with sevoflurane or desflurane in ambulatory sur-
gery: systematic review and meta-analysis. Anaesthesia.
2014;69:1138-1150.

Pan PH, Lee SC, Harris LC. Antiemetic prophylaxis for
postdischarge nausea and vomiting and impact on func-
tional quality of living during recovery in patients with
high emetic risks: a prospective, randomized, double-
blind comparison of two prophylactic antiemetic regi-
mens. Anesth Analg. 2008;107:429—-438.

Chu CC, Shieh JP, Tzeng JI, et al. The prophylactic effect
of haloperidol plus dexamethasone on postoperative
nausea and vomiting in patients undergoing laparo-
scopically assisted vaginal hysterectomy. Anesth Analg.
2008;106:1402-1406.

Gillmann HJ, Wasilenko S, Ziiger J, et al. Standardised elec-
tronic algorithms for monitoring prophylaxis of postoper-
ative nausea and vomiting. Arch Med Sci. 2019;15:408-415.
Kumar A, Brampton W, Watson S, Reid VL, Neilly D.
Postoperative nausea and vomiting: simple risk scoring
does work. Eur ] Anaesthesiol. 2012;29:57-59.

Wolf R, Morinello E, Kestler G, et al. PONV after stra-
bismus surgery: risk adapted prophylaxis?. Anaesthesist.
2016;65:507-513.

ANESTHESIA & ANALGESIA



=2 SPECIAL ARTICLE

382.

383.

384.

187ZIMNZIDBPXZOBBAR0ATOAEIOYIASALLIAIPOOAEIEAHIOII/AD AUMY TXOMADYOINX OH

1SABZIYTCH+erNIOITWNOTIZTARY HAOGHA QUG Aq eisableue-eisayisaue/wod mm| sfeulnol//:dny woly papeojumod

¥¢0¢/6¢/1T uo

393.

394.

395.

396.

397.

398.

399.

385.

386.

387.

388.

389.

390.

391.

392.

Kranke P. General multimodal or scheduled risk-adopted
postoperative nausea and vomiting prevention: just split-
ting hairs? Br | Anaesth. 2015;114:190-193.

Scuderi PE. PRO: Anatomical classification of surgical pro-
cedures improves our understanding of the mechanisms
of postoperative nausea and vomiting. Anesth Analg.
2010;110:410-411.

Jensen K, Kehlet H, Lund CM. Post-operative recovery
profile after laparoscopic cholecystectomy: a prospective,
observational study of a multimodal anaesthetic regime.
Acta Anaesthesiol Scand. 2007;51:464-471.

Bergland A, Gislason H, Raeder J. Fast-track surgery for
bariatric laparoscopic gastric bypass with focus on anaes-
thesia and peri-operative care. Experience with 500 cases.
Acta Anaesthesiol Scand. 2008;52:1394-1399.

Kim SY. Efficacy versus effectiveness. Korean | Fam Med.
2013;34:227.

Franck M, Radtke FM, Baumeyer A, Kranke P, Wernecke
KD, Spies CD. Adherence to treatment guidelines for post-
operative nausea and vomiting. How well does knowl-
edge transfer result in improved clinical care?. Anaesthesist.
2010;59:524-528.

Klotz C, Philippi-Hohne C. Prophylaxis of postoperative
nausea and vomiting in pediatric anesthesia: recommenda-
tions and implementation in clinical routine. Anaesthesist.
2010;59:477-478.

Kooij FO, Klok T, Hollmann MW, Kal JE. Automated
reminders increase adherence to guidelines for adminis-
tration of prophylaxis for postoperative nausea and vomit-
ing. Eur | Anaesthesiol. 2010;27:187-191.

Kooij FO, Klok T, Hollmann MW, Kal JE. Decision sup-
port increases guideline adherence for prescribing post-
operative nausea and vomiting prophylaxis. Anesth Analg.
2008;106:893-898.

Franck M, Radtke FM, Apfel CC, et al. Documentation
of post-operative nausea and vomiting in routine clinical
practice. J Int Med Res. 2010;38:1034-1041.

Sigaut S, Merckx P, Peuch C, Necib S, Pingeon F, Mantz J.
Does an educational strategy based on systematic preoper-
ative assessment of simplified Apfel’s score decrease post-
operative nausea and vomiting? Ann Fr Anesth Reanim.
2010;29:765-769.

Frenzel JC,KeeSS, Ensor JE, Riedel B], Ruiz]R. Ongoing pro-
vision of individual clinician performance data improves
practice behavior. Anesth Analg. 2010;111:515-519.
Merit-based Incentive Payment System (MIPS) Overview -
QPP. 2019. Available at: https://qpp.cms.gov/mips/over-
view. Accessed March 14, 2020.

Verma R, Alladi R, Jackson I, et al. Day case and short stay
surgery: 2. Anaesthesia. 2011;66:417-434.

Hoffmann H, Kettelhack C. Fast-track surgery—conditions
and challenges in postsurgical treatment: a review of ele-
ments of translational research in enhanced recovery after
surgery. Eur Surg Res. 2012;49:24-34.

Gupta R, Soto R. Prophylaxis and management of postop-
erative nausea and vomiting in enhanced recovery proto-
cols: expert opinion statement from the American Society
for Enhanced Recovery (ASER). Perioper Med (Lond).
2016;5:4.

Gustafsson UO, Scott MJ, Hubner M, et al. Guidelines
for perioperative care in elective colorectal surgery:
Enhanced Recovery After Surgery (ERAS®) Society
Recommendations: 2018. World | Surg. 2019;43:659—695.
Tan M, Law LS, Gan TJ. Optimizing pain management to
facilitate enhanced recovery after surgery pathways. Can |
Anaesth. 2015;62:203-218.

August 2020 e Volume 131 ¢ Number 2

Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

400.

401.

402.

403.

404.

405.

406.

407.

408.

409.

410.

411.

412.

413.

414.

415.

Nygren ], Thacker J, Carli F, et al; Enhanced Recovery
After Surgery Society. Guidelines for perioperative care in
elective rectal/pelvic surgery: Enhanced Recovery After
Surgery (ERAS®) Society recommendations. Clin Nutr.
2012;31:801-816.

Sarin A, Litonius ES, Naidu R, Yost CS, Varma MG,
Chen LL. Successful implementation of an enhanced
recovery after surgery program shortens length of stay
and improves postoperative pain, and bowel and blad-
der function after colorectal surgery. BMC Anesthesiol.
2016;16:55.

Dickinson KJ, Taswell JB, Allen MS, et al. Factors influenc-
ing length of stay after surgery for benign foregut disease.
Eur | Cardiothorac Surg. 2016,50:124-129.

Feldheiser A, Aziz O, Baldini G, et al. Enhanced Recovery
After Surgery (ERAS) for gastrointestinal surgery, part
2: consensus statement for anaesthesia practice. Acta
Anaesthesiol Scand. 2016;60:289-334.

Hedrick TL, McEvoy MD, Mythen MMG, et al;
Perioperative Quality Initiative (POQI) 2 Workgroup.
American Society for Enhanced Recovery and periopera-
tive quality initiative joint consensus statement on post-
operative gastrointestinal dysfunction within an enhanced
recovery pathway for elective colorectal surgery. Anesth
Analg. 2018;126:1896-1907.

Lassen K, Coolsen MM, Slim K, et al; ERAS® Society;
European Society for Clinical Nutrition and Metabolism;
International Association for Surgical Metabolism and
Nutrition. Guidelines for perioperative care for pan-
creaticoduodenectomy: ~ Enhanced  Recovery — After
Surgery (ERAS®) Society recommendations. Clin Nutr.
2012;31:817-830.

Pecorelli N, Nobile S, Partelli S, et al. Enhanced recovery
pathways in pancreatic surgery: state of the art. World |
Gastroenterol. 2016;22:6456—-6468.

Amaya F, Hosokawa T, Okamoto A, et al. Can acute
pain treatment reduce postsurgical comorbidity after
breast cancer surgery? A literature review. Biomed Res Int.
2015;2015:641508.

Abdallah FW, Morgan PJ, Cil T, et al. Ultrasound-guided
multilevel paravertebral blocks and total intravenous anes-
thesia improve the quality of recovery after ambulatory
breast tumor resection. Anesthesiology. 2014;120:703-713.
Bashandy GM, Abbas DN. Pectoral nerves I and II blocks
in multimodal analgesia for breast cancer surgery: a ran-
domized clinical trial. Reg Anesth Pain Med. 2015;40:68-74.
Kim SH, Oh Y], Park BW, Sim J, Choi YS. Effects of single-
dose dexmedetomidine on the quality of recovery after
modified radical mastectomy: a randomised controlled
trial. Minerva Anestesiol. 2013;79:1248-1258.

Chiu C, Aleshi P, Esserman L], et al. Improved analgesia and
reduced post-operative nausea and vomiting after imple-
mentation of an enhanced recovery after surgery (ERAS)
pathway for total mastectomy. BMC Anesthesiol. 2018;18:41.
Soffin EM, YaDeau JT. Enhanced recovery after surgery
for primary hip and knee arthroplasty: a review of the evi-
dence. Br | Anaesth. 2016;117(Suppl 3):iii62—-iii72.

Husted H, Lunn TH, Troelsen A, Gaarn-Larsen L, Kristensen
BB, Kehlet H. Why still in hospital after fast-track hip and
knee arthroplasty? Acta Orthop. 2011;82:679-684.

Tan NLT, Hunt JL, Gwini SM. Does implementation of an
enhanced recovery after surgery program for hip replacement
improve quality of recovery in an Australian private hospital:
a quality improvement study. BVIC Anesthesiol. 2018;18:64.
Nelson G, Altman AD, Nick A, et al. Guidelines for pre-
and intra-operative care in gynecologic/oncology surgery:

www.anesthesia-analgesia.org 447


https://qpp.cms.gov/mips/overview
https://qpp.cms.gov/mips/overview

Management of Postoperative Nausea and Vomiting

416.
417.
5
T2 418.
£3
X9
=8
g2
£8
419
g .
X Z
T
==
3
3c
S3
2o 420.
o=
T=
g8
83
=
Qe
=
F3 421.
S
21
g3
E(D
Qf
g 422
2 .
93
8
T
%Eg" 423,
T
e
&%
Q<
SR
=m
2
N
b
JIK
o=z
=N
Q
e
N G
R
Nm
NS
bCT
2]
448

Copyright © 2020 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

Enhanced Recovery After Surgery (ERAS®) Society rec-
ommendations—Part I. Gynecol Oncol. 2016;140:313-322.
Yoo JE, Oh DS. Potential benefits of acupuncture for
enhanced recovery in gynaecological surgery. Forsch
Komplementmed. 2015;22:111-116.

Macones GA, Caughey AB, Wood SL, et al. Guidelines
for postoperative care in cesarean delivery: Enhanced
Recovery After Surgery (ERAS) Society recommendations
(part 3). Am | Obstet Gynecol. 2019;221:247 .e1-247 .€9.
Cerantola Y, Valerio M, Persson B, et al. Guidelines for
perioperative care after radical cystectomy for bladder
cancer: Enhanced Recovery After Surgery (ERAS(®)) soci-
ety recommendations. Clin Nutr. 2013;32:879-887.

Pillai P, McEleavy I, Gaughan M, et al. A double-blind ran-
domized controlled clinical trial to assess the effect of Doppler
optimized intraoperative fluid management on outcome fol-
lowing radical cystectomy. ] Urol. 2011;186:2201-2206.
Mattei A, Birkhaeuser FD, Baermann C, Warncke SH,
Studer UE. To stent or not to stent perioperatively the
ureteroileal anastomosis of ileal orthotopic bladder substi-
tutes and ileal conduits? Results of a prospective random-
ized trial. ] Urol. 2008;179:582-586.

Azhar RA, Bochner B, Catto J, et al. Enhanced recov-
ery after urological surgery: a contemporary systematic
review of outcomes, key elements, and research needs. Eur
Urol. 2016;70:176-187.

Maloney I, Parker DC, Cookson MS, Patel S. Bladder
cancer recovery pathways: a systematic review. Bladder
Cancer. 2017;3:269-281.

Fleming IO, Garratt C, Guha R, et al. Aggregation of mar-
ginal gains in cardiac surgery: feasibility of a perioperative

www.anesthesia-analgesia.org

424,

425.

426.

427.

428.

429.

430.

care bundle for enhanced recovery in cardiac surgical
patients. | Cardiothorac Vasc Anesth. 2016;30:665-670.
Gemma M, Toma S, Lira Luce F, Beretta L, Braga M, Bussi
M. Enhanced recovery program (ERP) in major laryngeal
surgery: building a protocol and testing its feasibility. Acta
Otorhinolaryngol Ital. 2017;37:475-478.

Makaryus R, Miller TE, Gan TJ. Current concepts of fluid
management in enhanced recovery pathways. Br | Anaesth.
2018;120:376-383.

Klenke S, de Vries GJ, Schiefer L, et al. CHRMS3 rs2165870
polymorphism is independently associated with postop-
erative nausea and vomiting, but combined prophylaxis is
effective. Br | Anaesth. 2018;121:58-65.

Bell GC, Caudle KE, Whirl-Carrillo M, et al. Clinical
Pharmacogenetics Implementation Consortium (CPIC)
guideline for CYP2D6 genotype and use of ondansetron
and tropisetron. Clin Pharmacol Ther. 2017;102:213-218.
Stamer UM, Schmutz M, Wen T, et al. A serotonin
transporter polymorphism is associated with postop-
erative nausea and vomiting: an observational study
in two different patient cohorts. Eur | Anaesthesiol.
2019;36:566-574.

Nakagawa M, Kuri M, Kambara N, et al. Dopamine D2
receptor Taq IA polymorphism is associated with postop-
erative nausea and vomiting. | Anesth. 2008;22:397-403.
Alli A, Omar S, Tsang S, Naik BI. The effect of ethnicity
on the incidence of postoperative nausea and vomiting in
moderate to high risk patients undergoing general anes-
thesia in South Africa: a controlled observational study.
Middle East | Anaesthesiol. 2017;24:119-129.

ANESTHESIA & ANALGESIA



