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Purpose: Numerous antiemetics have been studied for the prevention of postoperative nausea and vomiting (PONV)
including traditional agents (metoclopramide, perphenazine, prochlorperazine, cyclizine and droperidol) and the 5-HT3
receptor antagonists (ondansetron, dolasetron, granisetron and tropisetron). The results have been divergent and
inconsistent. The purpose of this quantitative systematic review was to evaluate the effectiveness of 5HT

3
receptor

antagonists compared to traditional antiemetics for the prevention of PONV.
Methods: A systematic search of the English language literature using computerized MEDLINE, EMBASE, and Pre-
MEDLINE databases from 1966 to October 1999 and a manual search of references from retrieved articles were per-
formed. Individual efficacy and adverse effect data was extracted from each of the studies according to a predefined
protocol. The summary odds ratios were calculated using the Dersimonian and Laird method under a random effects
model.
Results: A total of 41 trials met our pre-defined inclusion criteria and were included in our analysis. Results in the 32
studies examining PONV indicated a 46% reduction in the odds of PONV in the 5-HT

3
-treated group (0.54 [95% CI

0.42-0.71], P < 0.001). Evaluation of PONV by traditional antiemetic agent demonstrated a 39% reduction compared
with droperidol (0.61 [95% CI 0.42-0.89], P < 0.001) and a 56% reduction compared with metoclopramide (0.44
[95% CI 0.31-0.62], P < 0.001). Results in the 34 studies examining vomiting indicated a 38% reduction in the odds
of vomiting in the 5-HT3-treated group (0.62 [95% CI 0.48-0.81], P < 0.001).
Conclusions: The 5-HT3 receptor antagonists are superior to traditional antiemetic agents for the prevention of PONV
and vomiting. The reduction in the odds of PONV and vomiting is significant in the overall analysis and the subgroup
analyses comparing 5-HT

3
receptor antagonists with droperidol and metoclopramide.

Objectif : La recherche de moyens de prévention des nausées et vomissement postopératoires (NVPO) a porté sur
de nombreux antiémétiques incluant des médicaments traditionnels (métoclopramide, perphénazine, prochlorpérazine,
cyclizine et dropéridol) et des antagonistes du récepteur 5-HT

3 
(ondansétron, dolasétron, granisétron et tropisétron).

Les résultats ont été divergents et contradictoires. La présente révision systématique quantitative évalue l’efficacité com-
parée des antagonistes du récepteur 5HT3 et des antiémétiques traditionnels dans la prévention des NVPO.
Méthode : Une recherche systématique des documents de langue anglaise a été faite dans MEDLINE, EMBASE et
Pre-MEDLINE, de 1966 à octobre 1999, suivie d’une recherche manuelle des articles retenus. Les données sur l’effi-
cacité individuelle et les effets indésirables ont été extraites de chaque étude selon un protocole prédéfini. Les risques
relatifs d’ensemble ont été calculés à l’aide de la méthode de Dersimonian et Laird d’après un modèle d’effet aléatoire.
Résultats : Quarante et un essais répondaient à nos critères d’inclusion prédéfinis et ont été retenus dans notre
analyse. Les résultats de 32 études sur les NVPO ont indiqué une réduction de 46 % du risque relatif de NVPO chez
les patients traités avec anti-5-HT3 (0,54 [IC de 95 %; 0,42-0,71]; P < 0,001). Comparés aux autres antiémétiques
traditionnels, les anti-5-HT3 ont démontré une réduction du risque relatif de 39 % comparés au dropéridol (0,61 [IC
de 95 %; 0,42-0,89]; P < 0,001) et de 56 % comparés au métoclopramide (0,44 [IC de 95 %; 0,31-0,62]; P <
0,001). Les résultats de 34 études sur les vomissements ont indiqué une réduction de 38 % du risque relatif chez les
patients traités avec anti-5-HT3 (0,62 [IC de 95 %; 0,48-0,81]; P < 0,001).
Conclusion : Les antagonistes du récepteur 5-HT3 ont une action supérieure aux antiémétiques traditionnels pour
prévenir les NVPO et les vomissements. La réduction de la probabilité de NVPO et de vomissements est significative
dans l’analyse globale et dans les analyses de sous-groupes où on a comparé les antagonistes du récepteur 5-HT3 avec
le dropéridol et le métoclopramide.
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OSTOPERATIVE nausea and vomiting
(PONV) are commonly reported adverse
reactions following surgery.1 The incidence of
PONV has been reported to be as high as

75% following some surgical procedures.2 Besides the
discomfort caused by nausea and vomiting following
surgery, PONV can contribute to the development of
aspiration, wound dehiscence and increased bleeding.3

Patients who experience PONV consume more
resources and require additional health care profession-
al time than do those in whom these complications are
avoided.4 This increased resource consumption leads to
a higher cost of care from the hospital perspective and a
higher cost to the patient.

Prophylaxis with antiemetics has been shown to
reduce the incidence of PONV in surgical procedures
by 15-30% (absolute risk reduction).5,6 The use of
antiemetics for the prevention and optimal manage-
ment of PONV has been shown to: (i) improve patient
satisfaction; (ii) decrease recovery and discharge times;
and (iii) reduce unanticipated hospital admissions.7–10

Numerous antiemetics have been studied for the
prevention of PONV in surgery including traditional
agents (metoclopramide, perphenazine, prochlorper-
azine, cyclizine and droperidol) and the 5-HT3 recep-
tor antagonists (ondansetron, dolasetron, granisetron
and tropisetron), all of which have been associated
with varying degrees of success.11–51 Furthermore, the
results of these trials have been divergent and incon-
sistent. There is a theoretical basis for a difference in
efficacy between the 5-HT3 antagonists and tradition-
al agents because of their distinct mechanisms of
action. The traditional agents are primarily dopamine
receptor antagonists whereas the 5-HT3 antagonist act
on serotonin receptors.5 2 The purpose of this quanti-
tative systematic review was to evaluate the effective-
ness of 5HT3 receptor antagonists compared to
traditional antiemetics for the prevention of PONV in
all types of surgery.

Materials and Methods
Data sources
A systematic search of the English language literature
using computerized MEDLINE, EMBASE, and Pre-
MEDLINE databases from 1966 to October 1999
and a manual search of references from retrieved arti-
cles were performed. Search terms included: nausea,
vomiting, emesis, postoperative, surgery, ondansetron,
granisetron, tropisetron, dolasetron, metoclopramide,
droperidol, prochlorperazine, perphenazine, dimenhy-
drinate, and cyclizine.

Study selection
Randomized, double-blinded, controlled clinical trials
evaluating agents for prophylaxis of PONV in adults
(>18 yr) receiving general anesthesia were considered
for inclusion. Only studies that evaluated PONV, vom-
iting, or nausea as an endpoint were eligible for inclu-
sion. Of these, studies comparing any 5-HT3 receptor
antagonist (ondansetron, dolasetron, tropisetron,
granisetron) with at least one other prophylactic drug
therapy were included. Exclusion criteria were previ-
ously published data, studies that compared only com-
binations of antiemetics, data published only in abstract
form and unpublished data.

Outcome definitions
PONV was defined as nausea or emetic episodes
(including vomiting or retching) occurring less than 48
hr after surgery. The individual trialists’ definitions of
PONV and vomiting were assumed to be similar and
combinable. Adverse reactions to antiemetics were sub-
categorized as headache, dizziness and sedation.

Data extraction
Each report was read by all three authors independently
to assess adequacy of randomization and blinding and to
assess description of withdrawals. Assessment of method-
ological quality was built into the inclusion/exclusion
criteria; therefore, another formal assessment was not
completed.

Data extracted included sample size, patient charac-
teristics, surgery type, dose, timing and route of admin-
istration of antiemetic agents, anesthetic regimens,
incidences of PONV, vomiting, nausea, and adverse
events. Attempts were made to acquire additional infor-
mation from investigators as required. Discrepancies of
data extraction were resolved by group consensus.

Statistical methods and sensitivity analysis
The incidences of PONV, nausea, vomiting and adverse
events were analyzed separately. Odds ratios (OR) with
95% confidence intervals (CI) and the summary odds
ratios were calculated using the Dersimonian and Laird
method under a random-effects model.5 3 A statistically
significant result was assumed when the 95% CI of the
OR did not include 1. Tests for heterogeneity of the
OR was performed using the Cochrane Q method.5 4

Homogeneity was assumed when P was > 0.10.5 5

Heterogeneity was also evaluated visually using
Galbraith plots.5 6 Where heterogeneity was detected,
accepted methods for exploration of statistical hetero-
geneity using clinical parameters were used.57 Trials
were subgrouped by surgery type, traditional antiemet-
ic agent, induction agent, previous history of PONV,
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and induction anesthetic. Publication bias was investi-
gated through visual inspection of funnel plots whereby
ORs were plotted against study sample size.5 4

Cumulative analysis ordered by publication date was
also performed on the PONV and vomiting endpoints
to determine the contribution of successive trials to the
pooled results. The number needed to treat (NNT) was
calculated for the efficacy outcomes of PONV and
vomiting and the number need to harm (NNH) was
calculated for the toxicity parametres.

Sensitivity analyses were performed by exploring
for extremes of outcomes grouped by traditional
antiemetic and surgery type. Robustness of the analy-
sis was further evaluated using a technique based upon
the “file drawer” problem.5 8 This technique is based
upon the premise that published journals are filled
with only 5% of studies whereas a further 95% reside
in “file drawers” due to lack of statistical significance
of their results. Therefore, the number of unretrieved
studies averaging null results required to bring the
new overall P-value to the brink of significance (P =
0.05) was calculated for each endpoint. Robustness is
typically set at 5k+10 studies where k is equal to the
number of originally identified studies.

Results
Study selection and characteristics
Our search strategy identified 45 articles which,
before review, appeared to meet our inclusion criteria.
One trial was excluded due to obvious duplication of
publication5 9 and one due to uninterpretable results.6 0

Two trials were excluded because patients did not
receive general anesthesia.61,62 Thus, a total of 41 tri-
als met our pre-defined inclusion criteria and were
included in our analysis.11–51 Although our search
evaluated the literature since 1966 all of the trials
included in this analysis were published since 1992.

We excluded the nausea endpoint from further
analysis because of the lack of a standard definition
across trials. The trialists were inconsistent in their
definition of nausea in that some considered episodes
of vomiting as both nausea and emesis whereas others
classified such episodes as vomiting alone. Secondly,
methods of nausea determination varied widely
among the trials from patient report to investigator
elicited to request for rescue therapy. Each of these
methods has been shown to yield different rates of
nausea.6 3 Characteristics of the included studies are
summarized in Table I.
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FIGURE 1 For each trial (represented by a vertical dash) the log
of the odds ratio for effect size is plotted, with values to the left of
the equal effect vertical line (OR=1) indicating that the trial found
5-HT antagonists to be more effective and values to the right of
the equal effect vertical line indicating that the trial found tradi-
tional antiemetic to be more effective. 95% confidence intervals
are shown (horizontal lines) for each trial. The summary odds
ratio using the random effects model is indicated by “TOTAL”.
The dashed vertical line also indicates the summary odds ratio.
References are indicated by the bracketed number after the trial.
Trials are shown in order of year of publication in ascending order.

FIGURE 2 For each trial (represented by a vertical dash) the log
of the odds ratio for effect size is plotted, with values to the left of
the equal effect vertical line (OR=1) indicating that the trial found
5-HT antagonists to be more effective and values to the right of
the equal effect vertical line indicating that the trial found tradi-
tional antiemetic to be more effective. 95% confidence intervals
are shown (horizontal lines) for each trial. The summary odds
ratio using the random effects model is indicated by “TOTAL” .
The dashed vertical line also indicates the summary odds ratio.
References are indicated by the bracketed number after the trial.
Trials are shown in order of year of publication in ascending order.
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TABLE I Characteristics of included studies.

Study, year, 5-HT3 Traditional agent(s) Number of OR for PONV OR for vomiting
reference antagonist(s) patients (95% CI) (95% CI)

receiving 5-HT3
antagonist/
traditional
agents(s)

Breast
Fujii, 19981 1 Granisetron Droperidol, Metoclopramide 30/60 0.30 (0.06 - 1.46) 0.39 (0.08 - 1.97)
General
Fujii, 19971 2 Granisetron Droperidol 20/20 0.18 (0.03 - 1.18) 0.15 (0.02 - 1.42)
Koivuranta, 19971 3 Ondansetron Droperidol 195/193 N/A 0.61 (0.20 - 1.82)
Fortney, 19981 4 Ondansetron Droperidol 505/1012 0.94 (0.29 - 3.01) N/A
Kaul, 19951 5 Ondansetron Metoclopramide 81/80 0.98 (0.26 – 3.64) N/A
Naguib, 19961 6 Ondansetron, Metoclopramide 79/24 0.33 (0.07 - 1.49) N/A

Granisetron,
Tropisetron

Gynecologic
Fujii, 19981 7 Granisetron Droperidol 50/50 0.22 (0.05 - 0.99) 0.33 (0.08 - 1.42)
Fujii, 19981 8 Granisetron Droperidol 50/50 0.29 (0.06 - 1.32) 0.32 (0.07 - 1.50
Fujii, 19951 9 Granisetron Droperidol 25/50 0.41 (0.08 – 2.05) 0.58 (0.09 - 3.70)
Fujii, 19942 0 Granisetron Metoclopramide 20/20 0.11 (0.01 – 0.87) 0.53 (0.04 - 6.30)
Fujii, 19972 1 Granisetron Metoclopramide, Droperidol 45/90 0.25 (0.06 - 1.02) 0.34 (0.08 - 1.48)
Fujii, 19972 2 Granisetron Metoclopramide, Droperidol 30/60 0.27 (0.06 - 1.21) 0.30 (0.06 - 1.50)
Fujii, 19982 3 Granisetron Metoclopramide, Droperidol 30/60 0.18 (0.04 - 0.84) 0.22 (0.04 - 1.09)
Fujii, 19982 4 Granisetron Metoclopramide, Droperidol 40/80 0.30 (0.07 - 1.23) 0.51 (0.13 - 1.96)
Grond, 19952 5 Ondansetron Droperidol 40/40 3.37 (0.66 – 7.17) 1.86 (0.37 - 9.38)
Paech, 19952 6 Ondansetron Droperidol 83/89 N/A 0.53 (0.16 - 1.81)
Paxton, 19952 7 Ondansetron Droperidol 32/58 N/A 0.29 (0.07 - 1.20)
Wrench, 19962 8 Ondansetron Droperidol 20/20 3.78 (0.56 – 25.4) N/A
Pueyo, 19962 9 Ondansetron Droperidol 25/25 1.18 (0.24 – 5.89) 0.65 (0.13 - 3.30)
Sniadach, 19973 0 Ondansetron Droperidol 80/78 N/A 2.73 (0.78 - 9.61)
Tang, 19963 1 Ondansetron Droperidol 40/81 N/A 1.09 (0.30 - 3.92)
Alon, 19923 2 Ondansetron Droperidol, Metoclopramide 22/44 0.58 (0.12 – 2.71) 0.17 (0.03 - 0.87)
DeSilva, 19953 3 Ondansetron Droperidol, Perphenazine, 58/170 1.07 (0.29 – 3.95) N/A

Metoclopramide
Raphael, 19933 4 Ondansetron Metoclopramide 61/62 0.22 (0.05 – 0.96) N/A
Malins, 19943 5 Ondansetron Metoclopramide 50/50 0.49 (0.12 – 2.02) 5.10 (0.06 - 425.2)
Chen, 19963 6 Ondansetron Metoclopramide 25/24 2.40 (0.43 - 13.4) 1.49 (0.33 - 6.68)
Monagle, 19973 7 Ondansetron Metoclopramide 45/46 N/A 14.23 (0.21 - 954.8)
Morris, 19983 8 Ondansetron Metoclopramide 465/462 N/A 0.77 (0.28 - 2.13)
Watts, 19963 9 Ondansetron Metoclopramide, Cyclizine 59/107 0.43 (0.11 - 1.68) N/A
Purhonen, 19974 0 Tropisetron Droperidol 48/49 0.87 (0.20 - 3.83) 0.52 (0.14 - 1.88)
Nasal
VanDenBerg,19964 1 Ondansetron Prochlorperazine 55/110 0.55 (0.14 - 2.10) 0.29 (0.05 - 1.64)
Neurologic
Pugh, 19964 2 Ondansetron Metoclopramide 30/30 3.05 (0.64 - 14.62) 2.15 (0.49 - 9.43)
Ophthalmologic
Ali-Melkkila, 19964 3 Ondansetron Metoclopramide 40/40 0.70 (0.16 – 3.13) 2.11 (0.48 - 9.17)
Ascaso, 19974 4 Ondansetron Metoclopramide 116/51 0.17 (0.03 - 0.90) 0.16 (0.02 - 1.62)
Orthopedic
Gan, 19944 5 Ondansetron Droperidol 42/38 0.68 (0.16 – 2.92) 0.89 (0.20 - 3.98)
Alexander, 19954 6 Ondansetron Droperidol 43/43 0.34 (0.08 – 1.45) 0.31 (0.07 - 1.31)
Alexander, 19974 7 Ondansetron Metoclopramide 42/42 0.46 (0.11 – 2.0) 0.48 (0.13 - 1.83)
Chen, 19984 8 Ondansetron Prochlorperazine 37/41 N/A 2.02 (0.53 - 7.73)
Otic
Jellish, 19984 9 Ondansetron Droperidol 40/40 1.26 (0.29 - 5.54) 0.64 (0.15 - 2.75)
Vandenberg, 19965 0 Ondansetron Prochlorperazine 37/74 0.55 (0.13 - 2.23) 0.95 (0.26 - 3.47)
Thyroid
Yilmazlar, 19965 1 Tropisetron Metoclopramide 20/20 N/A 0.04 (0.01 - 0.41)

TOTAL 2855/3783 0.54 (0.42-0.71) 0.62 (0.48-0.81)

N/A:  Trial did not study or report this endpoint.



PONV
The summary of results of the thirty-two studies exam-
ining PONV indicated a 46% reduction in the odds of
PONV in the 5-HT3-treated group (OR 0.54 [95% CI
0.42-0.71], P < 0.001, NNT = 10, [95% CI 7-15])
(Figure 1, Table II). The test for heterogeneity of treat-
ment effect of PONV studies was not significant, (P =
0.21). Visual inspection of the corresponding funnel
plot revealed no evidence of publication bias.

Table III summarizes the results when the PONV
endpoint was analysed by surgery type. A significant
benefit favouring 5-HT3 antagonists was found for
gynecological and orthopedic surgery. Table II depicts
the PONV outcomes grouped by traditional antiemetic
(metoclopramide and droperidol). There were insuffi-
cient trials involving other traditional antiemetics to jus-

tify further pooling. Evaluation of PONV by tradition-
al antiemetic agent demonstrated a beneficial effect of
5-HT3 over droperidol (OR 0.61 [95% CI 0.42-0.89],
P < 0.001, NNT = 14, [95% CI 8-46]) and metoclo-
pramide (OR 0.44 [95% CI 0.31-0.62], P < 0.001,
NNT = 6, [95% CI 5-10]). Cumulative meta-analysis
by year revealed that the benefit of 5-HT3 antagonists
over traditional therapy achieved terminal significance
at the advent of the trial by Fujii et al. in 1997.2 2

Vomiting
The summary of results of the 34 studies examining
vomiting indicated a 38% reduction in the odds of
vomiting in the 5-HT3-treated group (OR 0.62 [95%
CI, 0.48-0.81], P < 0.001, NNT = 16 [95% CI 10-
44]) (Figure 2, Table II). The test for heterogeneity
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TABLE II Effects of 5-HT3 antagonists vs traditional antiemetics on PONV

5-HT3 antagonist(s) Trials Number of patients OR for PONV (95% CI) OR for vomiting (95% CI) 
receiving 5 HT3 [test for heterogeneity]* [test for heterogeneity]*
antagonist/traditional
agent(s)

vs all traditional agents PONV: 32 PONV: 1858/2715 0.54 (0.42 – 0.71) 0.62 (0.48 – 0.81)
Vomiting: 34 Vomiting: 1992/2308 [P = 0.21] [P = 0.19]

NNT=10 (95% CI 7-15) NNT=16 (95% CI 10-44)
vs metoclopramide PONV: 19 PONV: 908/782 0.44 (0.31 – 0.62) 0.50 (0.32 –0.77)

Vomiting: 18 Vomiting: 1132/1061 [P = 0.36] [P = 0.24]
NNT=6 (95% CI 5-10) NNT=10 (95% CI 7-23 )

vs droperidol PONV: 18 PONV: 1113/1639 0.61 (0.42 – 0.89) 0.56 (0.41 – 0.76)
Vomiting: 20 Vomiting: 960/1022 [P = 024] [P = 0.48]

NNT=14 (95% CI 8-46) NNT=12 (95% CI 7-32)

*Cochrane’s Q test for heterogeneity
NNT = Number needed to treat

TABLE III Effects of 5-HT3 antagonists vs traditional antiemetics on PONV by surgery type.

Surgery type Trials Number of patients OR for PONV (95% CI) OR for vomiting (95% CI) 
receiving 5 HT3 [test for heterogeneity]* [test for heterogeneity]*
antagonist/traditional
agent(s)

Gynecologic PONV: 18 PONV: 698/1051 0.51 (0.34 – 0.76) 0.61 (0.44 – 0.85)
Vomiting: 20 Vomiting: 1245/1506 [P = 0.27] [P = 0.33]

NNT=7 (95% CI 5-13) NNT=22 (95% CI 11-)
General PONV: 4 PONV: 685/1136 0.64 (0.36 – 1.15) 0.43 (0.13 – 1.43)

Vomiting: 2 Vomiting: 215/213 [P = 0.23] [P = 0.32]
Orthopedic PONV: 3 PONV: 127/123 0.47 (0.28 – 0.79) 0.73 (0.32 – 1.66)

Vomiting: 4 Vomiting: 164/164 [P = 0.54] [P = 0.41]
NNT=6 (95% CI 3-97)

Ophthalmologic PONV: 2 PONV: 156/91 0.36 (0.09 – 1.48) 0.68 (0.06 – 8.34)
Vomiting: 2 Vomiting: 156/91 [P = 0.32] [P = 0.32]

Otic PONV: 2 PONV: 77/114 0.80 (0.35 – 1.80) 0.81 (0.42 – 1.59)
Vomiting: 2 Vomiting: 77/114 [P = 0.32] [P = 0.58]

*Cochrane’s Q test for heterogeneity
NNT = Number needed to treat



of treatment effect in vomiting studies was not signif-
icant, (P = 0.19). As with the PONV endpoint, visual
inspection of the corresponding funnel plot revealed
no evidence of publication bias.

Table III summarizes the results when the vomiting
endpoint was analysed by surgery type. A benefit favour-
ing 5-HT3 antagonists was found only for gynecological
surgery (OR 0.61 [95% CI 0.44-0.85], < 0.001, NNT
=22 [95% CI 11-∞). Table II depicts the vomiting out-
comes grouped by traditional antiemetic (metoclo-
pramide and droperidol). As with the PONV endpoint
there were insufficient trials involving other traditional
antiemetics to justify further pooling. Evaluation of vom-
iting by traditional antiemetic agent demonstrated a ben-
eficial effects of 5-HT3 over droperidol (OR 0.56 [95%
CI 0.41-0.76], P < 0.001, NNT = 12 [95% CI 7-32])
and metoclopramide (OR 0.50 [95% CI 0.32-0.77], P <
0.001, NNT = 10 [95% CI 7-23]).

Adverse events
Table IV summarizes the common adverse events associ-
ated with each of the study drugs. There was no differ-
ence between the 5-HT3 antagonists and the traditional
agents in the overall rate of adverse reactions. Headache
was the most common adverse experience occurring in
14.6% of patients in whom it was evaluated (12 trials)
and was more common in the 5-HT3 group (17.0%)
than in the traditional antiemetic group (13.0%) (OR
1.65 [95% CI 1.35-2.02], P < 0.001, NNH = 28 [95%
CI 15-200]). Sedation occurred in 9.6% of patients eval-
uated (11 trials) and was more common in the tradition-
al antiemetic groups (11.9%) than in the 5-HT3 group

(5.6%) (OR 0.47 [95% CI 0.32-0.64], P < 0.001, NNH
= 14 [95% CI 9-26]). Finally, dizziness was found in
7.6% of patients evaluated (10 trials) and the incidence
was not different between the two groups.

We also evaluated the individual traditional agents.
Compared with droperidol, 5-HT3 antagonists were
associated with a higher incidence of headache (OR 1.68
[95% CI 1.34-2.11], P < 0.001, NNH = 15 [95% CI 10-
35]) and a lower incidence of sedation (OR 0.39 [95% CI
0.29-0.54], P < 0.001, NNH = 12, 95% CI 8-20). No
differences were detected between 5-HT3 antagonists
and metoclopramide for the adverse effects evaluated.

Heterogeneity analyses
The Galbraith plots for the PONV endpoint (Figure 3)
and the vomiting endpoint (Figure 4) are provided.
The regions delimited by the dotted lines represent
areas in which, in the absence of statistical heterogene-
ity, 95% of trials would be expected to lie.5 6 Thus, for
the PONV endpoint, the seven trials that fell outside
this region were thought to be statistically heteroge-
neous.14,23,25,28,33,36,42 On closer inspection of these tri-
als, there was no factor determined to be common
among them which would explain their dissimilar
results from the aggregate. For the vomiting endpoint,
five trials fell outside the region of homogene-
ity.30,37,42,48,51 Similarly, no common factor was found
among them that would explain these differences. The
overall analyses of these two endpoints were repeated
without the anomalous trials which further strength-
ened the estimated beneficial effects of 5-HT3 antago-
nists on PONV (OR 0.44 [95% CI 0.35 – 0.55]; test
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TABLE IV Adverse effects associated with 5-HT3 antagonists and traditional antiemetics.

Intervention Trials All ADRs (95% CI) Headache (95% CI) Sedation (95% CI) Dizziness (95% CI)
[test for [test for [test for [test for
heterogeneity]* heterogeneity]* heterogeneity]* heterogeneity]*

5HT3 vs All ADR’s: 24 1.0 (0.79 – 1.26) 1.65 (1.35 – 2.02) 0.47 (0.34 – 0.64) 1.12 (0.86 – 1.45)
traditional agents Headache: 12 [P = 0.34] [P = 0.97] [P = 0.91] [P = 0.99]

Sedation: 11 NNH=28 NNH=14 
(95% CI 15-200) (95% CI 9-26)

5HT3 vs All ADR’s: 8 0.94 (0.62 – 1.44) 1.34 (0.75 – 2.40) 0.56 (0.20 – 1.60) 1.13 (0.63 – 2.00)
metoclopramide Headache: 5 [P = 0.39] [P = 0.99] [P = 0.84] [P = 1.0]

Sedation: 5
Dizziness: 5

5HT3 vs droperidol All ADR’s: 19 0.73 (0.51 – 1.05) 1.68 (1.34 – 2.11) 0.39 (0.29 – 0.54) 1.11 (0.84 – 1.48)
Headache: 10 [P = 0.47] [P = 0.92] [P = 0.78] [P = 0.99]
Sedation:  9 NNH=15 NNT=12 

(95% CI 10-35) (95% CI 8-20)
Dizziness: 10

*Cochrane’s Q test for heterogeneity
NNH = Number needed to harm



for heterogeneity P = 0.46; NNT = 6) and vomiting
(OR 0.57 [95% CI 0.46 – 0.70]; test for heterogeneity
P = 0.42; NNT=13) compared to traditional agents.

Sensitivity analyses
The results of all analyses were robust to varying the
extremes of outcomes when grouped by traditional
antiemetic and type of induction anesthetic. When the
results were pooled by surgery type, only in gyneco-
logic surgery were the 5-HT3 receptor antagonists
superior to traditional agents for both the PONV and
vomiting endpoints. 

Techniques used to solve for the “file drawer” prob-
lem revealed that the number of unretrieved trials aver-
aging null results that would be required to bring the
P-value up to 0.05 were 598 and 245 for PONV and
vomiting, respectively. The limit for robustness for this
review was defined as 5k + 10 trials where k equals the
number of trials included in the analysis. By this
method, the threshold values for PONV and vomiting
would be 170 and 180 trials, respectively, and therefore
our results are robust. 

Discussion
The findings of this quantitative systematic review indi-
cate that 5-HT3 receptor antagonists are superior to

conventional antiemetic agents for the prevention of
PONV and vomiting. The reduction in the odds of
PONV and vomiting is significant in the overall analysis
and the subgroup analyses comparing 5-HT3 receptor
antagonists to droperidol and metoclopramide. The
evidence suggests that the inconsistencies among the
results of randomized trials comparing 5-HT3 receptor
antagonists with traditional agents are most likely due
to small sample sizes. These results remained robust to
the sensitivity analyses we conducted.

When the results were pooled by surgery type, only
in gynecological surgery were the 5-HT3 receptor
antagonists superior to traditional agents for both the
PONV and vomiting endpoints. This finding may be
due to the fact that many more trials were completed in
this surgical category (Table III). For example,
although the cumulative numbers of patients in the
studies of other surgical procedures were similar to that
of gynecological surgery (i.e. general surgery), the over-
all number of trials was so small such that one negative
trial could be sufficient to obviate the 5-HT3 antago-
nists’ superiority over traditional agents. However, from
the results of our analysis, it is possible that the absolute
risk reduction associated with the prophylactic using a
5-HT3 antagonist over a conventional agent may be
greater with some surgical procedures, specifically
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FIGURE 3 For each trial evaluating PONV as an endpoint (rep-
resented by a point in the plot), the ratio of the log odds ratio to
its standard error (the Z statistic) has been plotted against the rec-
iprocal of the standard error. The least precise results from small
trials appear towards the left of the figure and results from larger
trials appear towards the right. The slope of the solid line through
the origin represents an overall log odds ratio. The dotted lines,
two units above and below the solid line, represent an area
between which 95% of the trial results would be expected to lie.
The trials lying outside of these boundaries have been investigated
for heterogeneity.

FIGURE 4 For each trial evaluating vomiting as an endpoint
(represented by a point in the plot), the ratio of the log odds ratio
to its standard error (the Z statistic) has been plotted against the
reciprocal of the standard error. The least precise results from
small trials appear towards the left of the figure and results from
larger trials appear towards the right. The slope of the solid line
through the origin represents an overall log odds ratio. The dot-
ted lines, two units above and below the solid line, represent an
area between which 95% of the trial results would be expected to
lie. The trials lying outside of these boundaries have been investi-
gated for heterogeneity.



major gynecological and orthopedic surgery, which are
thought to be highly emetogenic surgery types.45,48 In
surgical procedures where there is a high baseline event
rate, there is much more scope to show a statistically
significant difference among comparators.6 4

In a meta-analysis, it is important to investigate the
presence and source of statistical heterogeneity.5 7 We uti-
lized a random-effects model that accounted for hetero-
geneity among the ORs of pooled studies. In addition,
we utilized Cochran’s Q to test for the presence of sta-
tistical heterogeneity and were unable to identify its pres-
ence via this method. However, statistical tests for
heterogeneity have low power and, thus, heterogeneity
cannot be ruled out solely through their use; thus other
methods should also be utilized.5 7 By utilizing Galbraith
plots (Figures 3,4), heterogeneity in our results was
revealed for both the PONV and vomiting endpoints.
Although we could not identify any common factors
which could explain the heterogeneity, when the analy-
ses were repeated without the results from these outlying
studies, our original results of 5-HT3 superiority were
further strengthened as the ORs and the 95% confidence
intervals became smaller. Therefore, we can be confident
that our overall analyses are conservative and any hetero-
geneity present in the trials is influencing the overall ORs
in a negative direction.

We assumed that the efficacy of the four 5-HT3
antagonists is equivalent and thus the results of trials uti-
lizing these agents are readily combinable. This assump-
tion is supported by several comparative trials of 5-HT3
receptor antagonists for the prophylaxis of PONV in
which there have been no difference in efficacy.16 ,65

Although not all of the 5-HT3 receptor antagonists have
been directly compared, available evidence suggests that
there are no clinical advantages of any one agent over the
others when used for the prophylaxis of PONV. It
should be noted that the majority of 5-HT3-treated
patients in this analysis received ondansetron (Table I).

Most trials evaluating the prophylactic value of
antiemetic agents consider the occurrence of PONV
(i.e. either nausea or vomiting) as the primary endpoint.
Typically, secondary endpoints of the trials include the
separate outcomes of nausea or vomiting. We could not
combine the results from nausea across the trials due to
the lack of a standard definition used by investigators.
However, although we recognize this as a limitation in
our analysis, we do not perceive that this omission influ-
enced the applicability of our results as the PONV end-
point is sufficiently broad to include incidences of
nausea in its definition and thus is the most relevant. 

Several important limitations of this meta-analysis
should be recognized. As in any meta-analysis of pre-
viously published results, this analysis relied on infor-

mation from trials that was reported in a variety of
ways. Consequently, although every effort was made
to standardize the extraction of relevant information,
available data and definitions of outcomes varied
among studies. We also did not account for differences
in dosage regimens among trials and combined results
based solely upon the type of antiemetic utilized. A
limitation in this approach is that possible dose-relat-
ed differences in effect are not considered. We did not
perform sensitivity analysis on this parameter as there
were not enough trials utilizing high doses of agents
to quantitate this effect on the overall OR and differ-
ences in dosing regimens between trials did not
explain the statistical heterogeneity that was observed
in the Galbraith plots.

The influence of publication bias must be consid-
ered in any meta-analysis.6 6 We attempted to detect
this source of bias through the construction of funnel
plots.5 4 This plot allowed us to assess, through visual
inspection, whether most of the articles that were
included in our analysis reported positive results.
Fortunately, it appeared that there were an approxi-
mately equal number of both positive and negative tri-
als making publication bias less likely. In addition, we
utilized calculations for the “file drawer” problem to
determine the number of papers averaging null results
that would be required to have been overlooked to
bring our results to the brink of significance.5 8Finally,
because we limited our search strategy to include only
articles published in English language journals, it is
possible that we excluded some literature that would
have otherwise been included in our analysis.
However, there is no reason to believe that the results
of these studies would have been so divergent from
the published English language literature as to change
the results of this analysis.

Covert duplicate publication is a direct threat to
meta-analyses.6 7 We were able to locate one trial that
contained information that had obviously been previ-
ously published.5 9 However, in the trials that we
included in our analysis, many investigators completed
more than one study. Therefore, it is possible that
there was some overlap in the data reported in each of
these trials although there was no obvious similarity
between these trials (i.e. number of patients evaluated,
identical event rates reported). We attempted to con-
tact several authors of more than one study but were
unsuccessful in determining if any of the data was
duplicated in multiple publications. 

During the completion of this meta-analysis,
Domino et al.6 8 published a similar meta-analysis com-
paring ondansetron to droperidol and metoclopramide
in the prevention of PONV. They found that
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ondansetron and droperidol were both more effective
than metoclopramide in preventing vomiting but there
was no difference between ondansetron and droperidol
in the adult patients studied. Several differences between
this meta-analysis and our study should be addressed.
First, ondansetron was the only 5-HT3 receptor antago-
nist evaluated resulting in the exclusion of a number of
trials evaluating dolasetron, granisetron and tropisetron.
This resulted in the exclusion of over 1100 patients
comparing 5-HT3 receptor antagonists other than
ondansetron with traditional antiemetics.11,12,16-24,40,51

As mentioned earlier we have no reason to believe these
agents are pharmacologically different which is also sup-
ported by several comparative trials of 5-HT3 receptor
antagonists for the prophylaxis of PONV in which there
have been no difference in efficacy.16,65 Although not all
of the 5-HT3 receptor antagonists have been directly
compared, available evidence suggests that there are no
clinical advantages of any one agent over the others
when used for the prophylaxis of PONV. Second, both
pediatric and adult patients were included resulting in a
heterogeneous patient population limiting the external
validity of the overall analysis. Third, PONV as an end-
point was not used, making comparisons with our pri-
mary endpoint difficult. Fourth, heterogeneity testing
was not as extensive and important factors such as
surgery type were not evaluated by Domino et al.6 8

Finally, our analysis included all traditional agents and
was not limited to droperidol and metoclopramide. As a
result of these differences, Domino et al.6 8 failed to
demonstrate an overall benefit of ondansetron over
droperidol in adults as was the case in our analysis. Due
to a smaller population of adult patients included in
their analysis, there may have been insufficient power to
detect a clinically important difference.

Based on the results of this analysis, it appears that
the 5-HT3 antagonists are superior to traditional
antiemetics in the prevention PONV. When compared
with droperidol and metoclopramide, 5-HT3 receptor
antagonists would prevent one patient from developing
PONV for every 14 and six patients treated, respective-
ly. It appears that these agents are associated with a
higher incidence of headache but a lower incidence of
sedation then with traditional antiemetic agents.
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