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BACKGROUND: Atypical antipsychotics are efficacious for chemoprophylaxis against chemotherapy-induced nausea and vomiting, but perioperative investigations have been scant. We
sought to examine the association between chronic atypical antipsychotic therapy and the likelihood of postoperative nausea and vomiting.
METHODS: In this single-center, propensity-matched, retrospective, observational study, elective
noncardiac surgical cases from January 2014 to December 2017 were examined with regard
to the primary outcome of rescue antiemetic administration in the postanesthesia care unit as
a measure of postoperative nausea and vomiting. Chronic administration of olanzapine, aripiprazole, and risperidone was the exposure of interest. Other independent variables included
outpatient antiemetics, modified Apfel score, age, American Society of Anesthesiologists physical status score, case length, and exposures to emetogenic and chemoprophylactic agents.
Logistic regression was performed using case-level data. Conditional logistic regression was
performed after 1:2 propensity matching, sampling without replacement. Monte Carlo simulation was performed to compute the mean patient-level treatment effect on the treated.
RESULTS: Of 13,660 cases, 154 cases with patients receiving atypical antipsychotics were
matched against 308 cases without, representing 115 and 273 unique patients, respectively.
In a well-balanced cohort, the mean patient-level odds of being administered rescue antiemetic
was lower for patients chronically taking the 3 atypical antipsychotics under consideration as
compared to those not on atypical antipsychotics, with an odds ratio of 0.29 (95% CI, 0.11–
0.75; P = .015).
CONCLUSIONS: Chronic atypical antipsychotic therapy is associated with reduced risk of postanesthesia care unit antiemetic administration. These findings support the need for prospective
studies to establish the safety and efficacy of postoperative nausea and vomiting chemoprophylaxis with these agents. (Anesth Analg XXX;XXX:00–00)

KEY POINTS
• Question: Are atypical antipsychotics protective against postoperative nausea and vomiting?
• Findings: Chronic atypical antipsychotic therapy is associated with reduced need for rescue
antiemetic administration in the postanesthesia care unit.
• Meaning: These findings support and extend previous work demonstrating that atypical antipsychotics hold promise for postoperative nausea and vomiting chemoprophylaxis as chronic
administration is also associated with a reduced rescue requirement.
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ostoperative nausea and vomiting continues to be
extremely common, despite well-developed knowledge of risk factors and development of management
strategies.1,2 The use of postoperative nausea and vomiting
chemoprophylaxis and rescue antiemetics may be limited by
cost, availability, side effects, or drug–drug interactions.3 For
example, aprepitant is highly effective but costly,4 and associated inhibition of oral contraceptives complicates its use
in young women.5 Novel postoperative nausea and vomiting therapies are necessary to expand options for high-risk
patients with contraindications to established agents.
The atypical antipsychotic olanzapine prevented chemotherapy-induced nausea and vomiting in a recent randomized controlled trial and improved the complete response
rate among patients receiving highly emetogenic chemotherapy.6 While olanzapine has been well studied in chemotherapy-induced nausea and vomiting,7 perioperative
www.anesthesia-analgesia.org
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investigations are lacking. Aripiprazole and risperidone
may also have antiemetic effects.8,9 Amisulpride has been
demonstrated to reduce postoperative nausea and vomiting, although this drug is not yet approved for use in the
United States.10
Together, these observations led us to hypothesize that
atypical antipsychotic may be associated with reduced risk
for postoperative nausea and vomiting. We designed this
study to assess the rate at which patients receiving atypical
antipsychotic agents previously demonstrated to have antiemetic activity (olanzapine, aripiprazole, and risperidone)
on an outpatient basis (“chronic treatment”) required rescue
antiemetic therapy in the postanesthesia care unit (PACU),
controlling for important confounders including baseline
risk of postoperative nausea and vomiting and perioperative administration of agents known to affect its likelihood.

METHODS
Approval from the Emory University Institutional Review
Board (IRB00088166) was obtained before data acquisition and analysis, and a waiver of written informed consent was granted owing to the investigation’s retrospective
observational design. We conducted a propensity-matched,
retrospective, observational cohort study to ascertain the
association between chronic atypical antipsychotic therapy
and the likelihood of PACU rescue antiemetic administration. This manuscript was prepared in accordance with the
STrengthening the Reporting of OBservational studies in
Epidemiology statement and guidelines for improved reporting of observational studies and propensity score analyses.11

Inclusion/Exclusion Criteria
Inclusion criteria were (1) elective noncardiac surgical procedures (2) performed under general anesthesia (3) from
January 2014 to December 2017 with (4) American Society
of Anesthesiologists (ASA) physical status classification
I–III patients (5) at Emory University Hospital (Atlanta,
GA) who were (6) evaluated in the preoperative clinic and
(7) admitted to the PACU postoperatively. Patients were
seen in the anesthesia preoperative clinic no greater than
30 days before their procedure. Preoperative clinic evaluation ensured a high-quality source of information for preoperative outpatient prescriptions and a modified Apfel
score routinely recorded in that clinic. The modified Apfel
score documented in the preoperative history and physical
is based on female gender, history of postoperative nausea and vomiting, nonsmoker, and emetogenic surgery.
Emetogenic surgeries are defined in our preoperative clinic
note as “cholecystectomy, laparoscopic surgery, or gynecologic surgery.” The authors did not write this definition
nor did they have control of the language; it is up to the
provider whether to assign the point for known emetogenic
surgeries outside of these explicit examples.
Procedures where the anesthetic record was documented
on paper were excluded from the analysis. Only cases for
which the complete set of variables were available were
included in the analysis. The primary unit of analysis was at
the surgical case level; as such, patients who underwent >1
surgery during the study period had >1 surgical case in the
final dataset. These were treated as independent encounters
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as the nature of the surgery, exposures, and prophylaxis
may have differed during each procedure; however, a sensitivity analysis was also performed at the patient level as
described below.

Data Collection
The Emory Healthcare Clinical Data Warehouse was queried for patient demographic data, surgical case data, and
all medications recorded in the medication administration
record from 2 hours before the start time to the PACU stop
time (see below). These data included exposure to potent
inhalational anesthetic agents (specifically, isoflurane, sevoflurane, and desflurane) and nitrous oxide.

Primary Outcome
The primary outcome (dependent variable) in this study was
the administration of rescue antiemetics in the PACU. At our
institution, rescue antiemetic administration is at the discretion of an attending anesthesiologist dedicated to the PACU
with no specific protocol in place. Bounds for the PACU length
of stay were defined as the time at which the primary anesthesia team ended responsibility (anesthesia stop time) to the
time at which the patient achieved readiness for discharge as
documented by the PACU nursing staff. Specific criteria documented in the PACU Discharge Assessment at our institution
include minimum length of stay, stable vital signs, control of
nausea/vomiting/dizziness, control of pain, Aldrete score
9–10,12 swallowing, voiding, ambulation, surgical dressing
assessment, no bleeding, and soft abdomen. This is routinely
documented regardless of barriers to physical discharge from
the PACU due to bed availability or other logistical reasons.
We then used the medication administration record to determine if any of the following medications were administered
in PACU: ondansetron, promethazine, haloperidol, diphenhydramine, propofol, and ephedrine. If so, they were deemed
to have been administered a rescue antiemetic.

Independent Variables
Outpatient medications were documented in the preoperative history and physical. The primary independent variable
(exposure) of interest in our study was chronic treatment
with atypical antipsychotic agents previously demonstrated
to have antiemetic activity: olanzapine, aripiprazole, and
risperidone. Amisulpride is not yet available in the United
States, and no patients in our study pool were taking this
medication. A determination was similarly made as to
whether patients were prescribed outpatient preoperative
antiemetic therapy, specifically, haloperidol, droperidol,
ondansetron, granisetron, dolasetron, palonosetron, alosetron, diphenhydramine, hydroxyzine, promethazine, and
metoclopramide.
Independent variables included in this analysis were
<50 years of age, ASA physical status score, outpatient
preoperative antiemetic therapy, modified Apfel score, log
(surgical case length), exposure to nitrous oxide, exposure
to potent inhalational agents, exposure to opioids in the
PACU, and number of agents administered for postoperative nausea and vomiting prophylaxis within the period 2
hours before anesthesia start time and anesthesia stop time.
Agents counted for postoperative nausea and vomiting
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prophylaxis were ondansetron, dexamethasone, transdermal scopolamine, aprepitant, diphenhydramine, haloperidol, and propofol at a total dose >5 mg/kg for the entire
case to capture total IV anesthesia or infusion for postoperative nausea and vomiting chemoprophylaxis.

Univariate Statistical Methods
Statistical analysis was performed in R v3.3.2 (R Core Team,
Vienna, Austria) using the RStudio platform v1.1.423 (R Studio
Team, Boston, MA).13,14 Comparing the atypical antipsychotic
group with the non–atypical antipsychotic group, demographic characteristics were compared using t test for age; χ2
for modified Apfel score; Wilcoxon rank-sum test for body
mass index and surgical case length; and Fisher exact test for
gender, outpatient preoperative antiemetic therapy, exposure
to potent inhalational agent, exposure to nitrous oxide, chronic
atypical antipsychotic therapy, ASA physical status score,
exposure to opioids in the PACU, and postoperative nausea
and vomiting prophylaxis agents. Surgical case length was
defined as the span of time between surgery start and surgery
stop, as routinely recorded by intraoperative staff.

Multiple Variable Regression Analysis
To test the association between the independent variables
described above with the primary outcome, multiple variable logistic regression was performed on the entire dataset.
Interaction terms were included to test for nonlinearity due
to an interaction between the number of postoperative nausea and vomiting prophylaxis agents and <50 years of age,
modified Apfel score, log (surgical case length), exposure to
nitrous oxide, exposure to potent inhalational agents, exposure to opioids in the PACU, and outpatient preoperative antiemetic therapy. Although a normal distribution is not strictly
necessary for logistic regression, surgical case length was log
transformed due to skew with improvement in symmetry
and linearity as assessed by examination of quantile–quantile
plots. Gender and surgery type were explicitly not included
in the regression or matching models due to multicollinearity
with the modified Apfel score.15 P values for standalone independent variables (noninteraction terms) were calculated
using the likelihood ratio test to ensure consistency with the
confint function of the MASS package,16 which uses the likelihood ratio test to calculate 95% CIs from glm family models
implemented in the “stats” package in R.17

Propensity Matching
Propensity matching was performed for the purpose of confounder control and was planned as the primary analysis
approach a priori. This approach is more effective than multiple variable regression in mitigating bias while improving
the precision of the treatment effect in situations, like ours,
where the number of outcomes is relatively small compared
to the number of confounders.18 Propensity matching was
performed using the MatchIt package for R.19,20 This package is capable of performing propensity matching using
a variety of algorithms. After sensitivity analysis to optimize final balance, we selected optimal matching, which
minimizes the global average absolute distance across all
matched pairs, sampling without replacement.21
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The treatment group for propensity matching was the
group of cases in which the patient was taking chronic atypical antipsychotic therapy. Match cases were drawn from the
control group in which patients were not taking atypical antipsychotics. A ratio of 1:2 for matching was selected on the basis
of previous work recommending ratios of 1:1 or 1:2 as larger
ratios decrease the standard error of the estimate but at the
cost of possibly introducing bias due to matching of increasingly dissimilar subjects.22 Propensity scores were generated
on the basis of the following independent variables: <50 years
of age, ASA physical status score, outpatient preoperative
antiemetic therapy, modified Apfel score, log (surgical case
length), exposure to nitrous oxide, exposure to potent inhalational agents, exposure to opioids in the PACU, and number
of agents administered for postoperative nausea and vomiting
prophylaxis. Balance in the propensity-matched population
was assessed using absolute standardized mean differences
for each covariate included in the model, calculated using the
“tableone” package.23 A standardized difference of <0.1 was
considered to indicate an acceptable balance between the treatment cases and the matched controls for that covariate.24
After propensity matching, we created a dummy variable to identify each treatment case with its matched control cases in a unique stratum. We then performed multiple
variable conditional logistic regression using the clogit function of the “survival” package in R to estimate the treatment
effect. Variables were eliminated from the final model using
a backward stepwise selection. Forward stepwise regression and selection were then used as a check to ensure that
no significant variables were excluded.25
As propensity matching was performed at the surgical
case level, there were some patients who had >1 case represented in the propensity-matched cohort. We performed
a 1000 iteration basic Monte Carlo simulation in which we
randomly selected a single unique case per unique patient in
the propensity-matched cohort, and then used this subsample to perform conditional logistic regression using the final
2-variable model (Supplemental Digital Content, Figure 1,
http://links.lww.com/AA/C685). The significance and
CI were calculated for the association of interest between
chronic atypical antipsychotic treatment and administration of rescue antiemetic in the PACU. The mean and SEM
of the P values and CIs were calculated and reported. For
sensitivity analysis, 2 additional analogous Monte Carlo
simulations were performed in which (1) only the treatment
variable of interest was included in the conditional logistic
regression (univariate conditional logistic regression) and
(2) in which all independent variables were included in the
conditional logistic regression (multiple-variable conditional logistic regression without selection).

RESULTS
Demographic information for the complete cohort of cases
used in the analysis is shown in Table 1, and a flow diagram
outlining exclusions is shown in Figure 1. Data from 13,660
cases were analyzed in the multiple variable logistic regression. In the propensity-matched analysis, data from 154
cases where the patient was taking chronic atypical antipsychotics were matched with 308 cases where the patient was
not. This represented a cohort of 115 unique treated patients
and 273 unique untreated patients.
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Table 1. Summary of Baseline Case-Level Demographics and Exposures Comparing Treated Versus Untreated
With Atypical Antipsychotic

N (cases, row percent)
N (unique patients)
Age (y), median (25th/75th quartile)
Females (%)
Body mass index (kg·m−2), median (25th/75th quartile)
Outpatient antiemetic therapy
Exposed to potent inhalational anesthetic (isoflurane,
sevoflurane, desflurane)
Exposed to nitrous oxide
Surgical case length (min), median (25th/75th quartile)
Opioids administered in PACU
Treatment in PACU with rescue antiemetic
ASA classification
I/II
III
Modified Apfel score, median (25th/75th quartile)
0
1
2
3
4
Number of postoperative nausea and vomiting prophylaxis
agents
0
1
2
3
4
5
6

Absolute
Standardized
No Atypical
Atypical
Mean Difference P Value
All Patients
Antipsychotic
Antipsychotic
13,660
13,506 (98.9%)
154 (1.1%)
10,880
10,765
115
57 (44–67)
57 (44–67)
51 (41.25–63)
0.279
<.001
8370 (61.3%)
8267 (61.2%)
103 (66.9%)
0.118
.158
25.8 (19.6–30.9) 25.8 (19.6–30.9) 25.4 (17.7–31.5)
0.044
.611
1404 (10.3%)
1366 (10.1%)
38 (24.7%)
0.391
<.001
11,754 (86.0%)
11,622 (86.1%)
132 (85.7%)
0.010
.907
4691 (34.3%)
112 (55–181)
7290 (53.4%)
1834 (13.4%)

4629 (34.3%)
112 (56–181)
7213 (53.4%)
1823 (13.5%)

5435 (39.8%)
8225 (60.2%)
3 (2–4)
882 (6.5%)
4208 (30.8%)
4976 (36.4%)
3132 (22.9%)
462 (3.4%)

5389 (39.9%)
8117 (60.1%)
3 (2–4)
872 (6.5%)
4171 (30.9%)
4893 (36.2%)
3109 (23%)
461 (3.4%)

959 (7.0%)
5308 (38.9%)
4079 (29.9%)
2215 (16.2%)
821 (6.0%)
238 (1.7%)
40 (0.3%)

947 (7%)
5238 (38.8%)
4036 (29.9%)
2194 (16.2%)
815 (6%)
236 (1.7%)
40 (0.3%)

62 (40.3%)
87.5 (37.5–145.5)
77 (50%)
11 (7.1%)
46 (29.9%)
108 (70.1%)
3 (2–3)
10 (6.5%)
37 (24%)
83 (53.9%)
23 (14.9%)
1 (0.6%)

12 (7.8%)
70 (45.5%)
43 (27.9%)
21 (13.6%)
6 (3.9%)
2 (1.3%)
0 (0%)

0.124
0.170
0.068
0.212
-

.125
<.001
.417
.023
.013
-

0.078
-

.561
-

0.165

.609

-

-

Abbreviations: ASA, American Society of Anesthesiologists; PACU, postanesthesia care unit.

There were significant differences in underlying patient
characteristics between treated and untreated with an atypical antipsychotic in the overall sample population (Table 1).
In terms of the underlying predictors of postoperative nausea and vomiting chosen, there was a monotonic increase
in the rate of rescue antiemetic in the PACU with increasing
modified Apfel score (Supplemental Digital Content, Table 1,
http://links.lww.com/AA/C685). There was a nonmonotonic
relationship between the number of agents administered and
the percentage of patients administered PACU antiemetic. The
breakdown of the specific agents administered for prophylaxis
is shown in Supplemental Digital Content, Table 2, http://
links.lww.com/AA/C685. A breakdown of specific agents
administered in the PACU that were considered to evidence
PACU antiemetic administration is shown in Supplemental
Digital Content, Table 3, http://links.lww.com/AA/C685.

Adjusted Risk of Rescue Antiemetic in PACU
For each of the independent variables included in our multiple variable regression model, the adjusted odds ratios
for receiving rescue antiemetics in the PACU are illustrated
in Figure 2A; the specific odds ratios and P values for this
regression model are available in Supplemental Digital
Content, Table 4, http://links.lww.com/AA/C685. This
analysis demonstrates evidence for an association between
chronic atypical antipsychotic therapy and reduced odds
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of receiving rescue antiemetics in the PACU, with an odds
ratio of 0.51 (95% CI, 0.26–0.91; P = .034).
This analysis also demonstrates, as expected, that age
<50 years and increasing modified Apfel score are associated with increased odds of rescue antiemetics administration. Exposure to potent inhalational anesthetic agents was
just above the threshold for statistical significance for the
association with the need for rescue (P = .059), while nitrous
oxide exposure was not statistically significant (P = .222).
Outpatient therapy with antiemetics was also just above
the threshold for statistical significance for the association with the need for rescue (P = .053), while surgical case
length (P < .001) and administration of opioid in PACU (P <
.001) were significantly associated with the need for rescue
antiemetics. Again, the specific odds ratios and P values for
this regression model are available in Supplemental Digital
Content, Table 4, http://links.lww.com/AA/C685. There
was an increased risk of rescue relative to the number of
prophylaxis agents administered, likely reflecting provider
assessment that the patient was at greater risk for postoperative nausea and vomiting, increasing the number of
associated interventions performed. The interaction terms
between postoperative nausea and vomiting prophylaxis
and age were significant and protective. This confirmed
that increasing prophylaxis reduced the odds of rescue for
these exposure categories.
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Figure 1. Case-level flow diagram outlining
exclusions and case counts. ASA-PS indicates
American Society of Anesthesiologists physical
status; BMI, body mass index; PACU, postanesthesia care unit.

Propensity-Matched Risk of Rescue Antiemetic
Propensity matching yielded a well-balanced cohort
(Table 2), with 2 cases where the patient had not been
exposed to chronic atypical antipsychotic therapy for every
case where the patient had been. Matched cases were drawn
from the pool of cases with complete data per the inclusion
criteria; as such, no cases had missing data. Absolute standardized mean differences showed no significant remaining
imbalance on the matched variables, as defined by a cutoff
of 0.1. Single-variable conditional logistic regression demonstrated significant differences for outpatient preoperative
antiemetic therapy, log (surgical case length), and chronic
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atypical antipsychotic therapy; exposure to opioids in the
PACU was also just above the threshold for statistical significance. Although the remaining imbalance was <0.1 for modified Apfel score, visual inspection of this covariate showed
a potential imbalance. However, on single-variable conditional logistic regression, there was no significant association
between the risk of PACU rescue antiemetics and modified
Apfel score. We, therefore, concluded that there was no significant residual imbalance in modified Apfel scores.
We proceeded to perform multiple-variable conditional
logistic regression to analyze the case-level effect. After
backward selection and forward selection testing, only 2

www.anesthesia-analgesia.org
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Figure 2. Odds ratio of receiving rescue medication for postoperative nausea and vomiting in the postanesthesia care unit for (A) all included
cases and (B) a propensity-matched cohort of cases testing the association with chronic atypical antipsychotic therapy. ASA-PS indicates
American Society of Anesthesiologists physical status; N2O, nitrous oxide; PACU, postanesthesia care unit; PONV, postoperative nausea and
vomiting; PONVPpx, PONV prophylaxis.

variables remained significant: chronic atypical antipsychotic therapy and outpatient preoperative antiemetic therapy. The results of this regression are shown in Figure 2B.
The case-level odds ratio of PACU rescue antiemetics
administration associated with chronic atypical antipsychotic therapy was 0.31 (95% CI, 0.14–0.68; P = .004).
To account for bias due to the inclusion of multiple surgeries on single patients, we performed a 1000-iteration Monte
Carlo simulation in which a single case per unique patient
was sampled, and 2-variable conditional logistic regression
performed. The odds ratio of PACU antiemetic therapy from
this analysis was estimated to be 0.283 ± 0.003 (0.108 ± 0.002
to 0.747 ± 0.001, each expressed as the mean ± SEM). The
mean P value obtained from this analysis was 0.014 ± 0.001
(mean ± SEM). Therefore, the mean patient-level odds of
being administered rescue antiemetic was lower for patients
chronically taking the 3 atypical antipsychotics under consideration as compared to those not on atypical antipsychotics. Sensitivity analyses performed using single-variable
conditional logistic regression and unselected multiple-variable conditional logistic regression demonstrated that the
statistical significance of these findings was robust.

DISCUSSION
This propensity-matched retrospective investigation suggests that chronic atypical antipsychotic therapy with the 3
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agents under consideration is associated with a reduced rate
of rescue antiemetic administration in the PACU for ASA
physical status I–III patients undergoing elective noncardiac surgery. Reduction in this surrogate for postoperative
nausea and vomiting is consistent with previous literature
demonstrating antiemetic efficacy of atypical antipsychotics in other contexts.7,26 Factors and exposures known to
increase the risk of postoperative nausea and vomiting were
demonstrated to increase the risk of PACU rescue antiemetic
administration. This confirmed the value of this measure
as a proxy for postoperative nausea and vomiting while
demonstrating the value of these variables as important
confounders to include in the propensity-matched analysis.
Simple exposure to nitrous oxide was not predictive of rescue antiemetic administration; we did not assess duration
of nitrous oxide exposure and therefore could not test for
consistency with previous reports that only exposures >45
minutes resulted in emetogenic effects.27
Atypical antipsychotics, also referred to as second-generation antipsychotics, antagonize the serotonin 2A receptor
(5-HT2A) to a greater degree than the dopamine 2 receptor,28 which mediates their antidepressant effect.29 However,
these agents have effects on a broad range of receptors.30
The atypical antipsychotic olanzapine has demonstrated
efficacy in prophylaxis against chemotherapy-induced
nausea and vomiting,26 possibly mediated by antagonism
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Table 2. Summary of Propensity-Matched Case-Level Demographics and Exposures Comparing Treated
Versus Untreated With Atypical Antipsychotic

N (cases, row percent)
N (unique patients)
Age (y), median (25th/75th quartile)
Age <50 (%)
Females (%)
Body mass index (kg·m−2), median (25th/75th quartile)
Outpatient antiemetic therapy
Exposed to potent inhalational anesthetic
Exposed to nitrous oxide
Surgical case length
(min), median (25th/75th quartile)
Opioids administered in PACU
Treatment in PACU with rescue antiemetic
ASA classification
I/II
III
Modified Apfel score, median (25th/75th quartile)
0
1
2
3
4
Number of postoperative nausea and vomiting
prophylaxis agents
0
1
2
3
4
5
6

No Atypical
Antipsychotic
308
273
54 (41.75–66)
141 (45.8%)
216 (70.1%)
24.7 (17.9–29.8)
82 (26.6%)
262 (85.1%)
117 (38%)
84 (36–148)

Atypical
Antipsychotic
154
115
51 (41.25–63)
75 (48.7%)
103 (66.9%)
25.4 (17.7–31.5)
38 (24.7%)
132 (85.7%)
62 (40.3%)
87.5 (37.5–145.5)

163 (52.9%)
45 (14.6%)

77 (50%)
11 (7.1%)

104 (33.8%)
204 (66.2%)
3 (2–3)
29 (9.4%)
80 (26%)
125 (40.6%)
66 (21.4%)
8 (2.6%)

46 (29.9%)
108 (70.1%)
3 (2–3)
10 (6.5%)
37 (24%)
83 (53.9%)
23 (14.9%)
1 (0.6%)

33 (10.7%)
130 (42.2%)
84 (27.3%)
42 (13.6%)
15 (4.9%)
4 (1.3%)
0 (0%)

12 (7.8%)
70 (45.5%)
43 (27.9%)
21 (13.6%)
6 (3.9%)
2 (1.3%)
0 (0%)

Absolute
Standardized
Mean Difference
0.059
0.070
0.042
0.045
0.018
0.047
0.049

P Value
(Univariate
Conditional Logistic
Regression)
.142
.905
.888
.848
.046
.280
.906
.034

0.058
0.084
-

.065
.020
.789
-

0.029
-

.791
-

0.006

.413

-

-

Abbreviations: ASA, American Society of Anesthesiologists; PACU, postanesthesia care unit.

Table 3.  Raw Postoperative Nausea and Vomiting Rescue Rate by Atypical Antipsychotic and Summary of
Drug Affinities at the Specified Receptor Sites Using Ki Data

Amisulpride
Olanzapine
Aripiprazole
Risperidone
Ziprasidone
Quetiapine
Clozapine
No exposure to atypical
antipsychotic

Cases Requiring
Postoperative Nausea and
Vomiting Rescue
Not approved in the United States
4/42 (9.5%)
6/62 (9.7%)
1/53 (1.9%)
0/15 (0%)
19/151 (12.6%)
2/6 (33.3%)
1802/13,344 (13.5%)

Literature
Demonstrating
Antiemetic Effect
Yes, high quality
Yes, high quality
Minimal
Minimal
No
No
No
…

Receptor Affinities

D2
+++
++
+++
+++
+++
+
+
…

D3
+++
++
++++
++
+++
+
+
…

5-HT3
0
++
+
0
0
0
+
…

H1
0
+++
++
+++
+
+++
+++
…

H2
0
++
0
+
0
0
+
…

0: no affinity; +: 100 < Ki < 1000; ++: 10 < Ki < 100; +++: 1 < Ki < 10; ++++: Ki < 1; D2, D3: dopamine receptor subtypes; 5-HT3: serotonin receptor subtype;
H1, H2: histamine receptor subtypes.

of 5-HT3.31 We categorize in Table 3 the inhibitory effect of
common atypical antipsychotics on receptors where antagonism has been associated with antiemetic effects based
on the Psychoactive Drug Screening Program Ki Database
(specific number available in Supplemental Digital Content,
Table 5, http://links.lww.com/AA/C685).32,33 These receptors include the dopamine D2 receptor, the serotonin 5-HT3
receptor, and the histamine H1 receptor.34,35
In Table 3, we also provide the raw rate of postoperative
nausea and vomiting rescue antiemetic administration we
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observed for patients taking these medications. A small trial
of olanzapine in postoperative nausea and vomiting has
been reported,36 and amisulpride has demonstrated efficacy
in postoperative nausea and vomiting prophylaxis.10,37 Our
work provides additional evidence for the potential role
of certain atypical antipsychotics as prophylactic agents
in postoperative nausea and vomiting management. If the
mechanism underlying postoperative nausea and vomiting
indeed involves antagonism at the mentioned receptors,
then differences in receptor inhibition by different members
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of this drug class may correspond with differential efficacy
for postoperative nausea and vomiting prophylaxis.
These agents are widely available and relatively inexpensive. However, their safety profile must be considered. When
administered chronically, these medications are associated
with insulin resistance and weight gain, hypercholesterolemia, hyperprolactinemia, QT prolongation, dystonia, and
dyskinesia.38 More work is needed to determine whether
such side effects can occur with short-term administration,
for example, for a small number of perioperative doses. There
is evidence for amisulpride that short-term use may be safe;
there was no increase in the incidence of side effects (specifically, QT prolongation, extrapyramidal symptoms, or sedation) compared to controls in the aforementioned clinical trial
examining amisulpride for postoperative nausea and vomiting prophylaxis.37 Aripiprazole is particularly interesting
because there is a low reported incidence of QTc prolongation.39 Options are limited in patients when concerned about
QTc, as both 5-HT3 antagonists and butyrophenones are
known to prolong QTc and are therefore generally avoided.
The significance of our result is limited by our retrospective observational study design. Selection and observation
bias are inherent to the approach. Propensity matching was
performed to limit the impact of measured confounders.
However, propensity matching does not imitate true randomization; therefore, systematic selection bias may present
for other unmeasured confounders playing an explanatory
role in the observed association. In addition, propensity
matching can only estimate the average treatment effect on
the treated; combined with our limited sample size, generalizability is somewhat limited. Analysis at the case level
results in duplication of information; the estimate provided
by the case-level propensity-matched conditional logistic
regression is therefore biased toward overestimating the
treatment effect of atypical antipsychotics. The estimate
provided by the Monte Carlo simulation capturing the spectrum of outcomes from analysis at the individual case level
is imprecise, but more accurately captures the probability
and magnitude range for the treatment effect.
There may be specific factors associated with patients
who are receiving atypical antipsychotics that may be protective against postoperative nausea and vomiting, such
as the well-known association between schizophrenia and
tobacco smoking status.40 The retrospective approach also
inherently fails to capture certain specific details including
whether the patients were actually taking their outpatient
prescription antiemetics or atypical antipsychotics. We
had no high-quality source of information as to the duration of atypical antipsychotic use. Some patients treated
with agents we included as antiemetics (diphenhydramine,
ephedrine) could have received these agents for other indications (itching, hypotension).
Another limitation is that the modified Apfel score
recorded in our preoperative clinic evaluations was not
tightly defined; for example, the verbiage does not specifically
reflect all emetogenic surgeries or include motion sickness
as a consideration. However, the performance of the score
in predicting PACU antiemetic administration strengthens
the case that the score reflected underlying postoperative
nausea and vomiting risk. A potentially greater limitation
is that our absolute rate of rescue antiemetic administration
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in the PACU was fairly low, which may be due to factors
related to the specific population of patients cared for at our
institution, the types of surgeries performed here, or local
approaches to chemoprophylaxis. In addition, the lack of a
specific PACU postoperative nausea and vomiting rescue
protocol at our institution limits specific conclusions about
the type postoperative nausea and vomiting being treated;
some patients may have experienced only mild postoperative nausea and vomiting but requested medication, while
others may have truly had severe postoperative nausea and
vomiting absolutely requiring rescue antiemetics.
Last, we were unable to control for the potential influence of chemotherapy-induced nausea and vomiting on
postoperative nausea and vomiting as has been previously
investigated, although chemotherapy-induced nausea and
vomiting could be reflected in the modified Apfel or otherwise be partially reflected by outpatient preoperative
antiemetic therapy, both of which were included in the final
model as potential confounders.41
In conclusion, atypical antipsychotics have promise for
the chemoprophylaxis of postoperative nausea and vomiting. Demonstrating a protective effect of chronic therapy
with these agents adds to the existing literature supporting
this role. More work is needed in the form of a prospective
trial to validate these findings. We anticipate with interest
the results of an ongoing phase 2 clinical trial of olanzapine for postoperative nausea and vomiting prophylaxis
due to complete enrollment in 2020.42 As the use of these
medications for this indication would be off-label in the
United States and elsewhere, their adoption cannot be recommended without additional safety and efficacy data. E
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