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Summary

Ondansetron is widely believed to prevent postoperative vomiting more effectively than nausea.

We analysed data from 5161 patients undergoing general anaesthesia who were randomly

stratified to receive a combination of six interventions, one of which was 4 mg ondansetron vs

placebo. For the purpose of this study a 20% difference in the relative risks for the two outcomes

was considered clinically relevant. Nausea was reduced from 38% (969 ⁄ 2585) in the control to

28% (715 ⁄ 2576) in the ondansetron group, corresponding to a relative risk of 0.74, or a relative

risk reduction of 26%. Vomiting was reduced from 17% (441 ⁄ 2585) to 11% (293 ⁄ 2576),

corresponding to a relative risk of 0.67, or a relative risk reduction of 33%. The relative risks of

0.67 and 0.74 were clinically similar and the difference between them did not reach statistical

significance. We thus conclude that ondansetron prevents postoperative nausea and postoperative

vomiting equally well.
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Despite considerable effort and countless trials evaluating

antiemetic strategies, the overall incidence of postoper-

ative nausea and vomiting (PONV) remains around 25–

30% [1–4]. The term PONV is used in reports to include

both nausea and vomiting; however, the two responses

are different biological phenomena and should be

reported and analysed separately [5, 6]. Furthermore, a

recent epidemiologic study by Stadler et al. [7] found that

while most risk factors are predictive for both outcomes,

some appear to be predictive for nausea only. It is thus

conceivable that a drug used for the prevention of PONV

may be more effective for one outcome than for the

other.

Consistent with this theory, the authors of a systematic

review concluded that ondansetron prevents vomiting

better than nausea [8], a conclusion that has since been

widely accepted [4]. However, the conclusion of this

systemic review is tempered by the fact that few studies

separately report all relevant outcomes. Consequently,

relative efficacies for nausea and vomiting were deter-

mined across all studies rather than strictly from studies

that adequately evaluated both responses.

We have previously designed [9] and reported [10] on

an International Multicenter Protocol to assess the single

and combined benefits of Antiemetic strategies in a

Controlled clinical Trial of factorial design (IMPACT)

that investigated the effect of six interventions on PONV.

The results of IMPACT allow us to directly, and with

high power, investigate whether ondansetron comparably

reduces the relative risks for nausea and for vomiting or
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if there is a clinically relevant difference. Of note, a

clinically relevant difference is defined distinctly from a

statistically significant difference. For example, an abso-

lute difference in relative risks for nausea and vomiting of

0.01 could reach statistical significance but would be

highly unlikely to have any clinical meaning, i.e., the

effect on each outcome is actually quite similar. For the

purposes of this analysis, a minimal clinically important

difference (MCID) was defined as an absolute difference

in relative risks of > 0.2 [11].

Methods

Protocol

The details of the protocol are described elsewhere [9, 10].

In brief, adult patients scheduled for surgery under general

anaesthesia met eligibility criteria if they had at least

two predictors of the simplified risk score for PONV, i.e.,

their calculated risk for PONV exceeded 40% [12]. The

considered risk factors were: female gender, previous

history of PONV and ⁄ or motion sickness, non-smoking

status, and the anticipated use of postoperative opioids.

With ethics committee approval and informed consent,

participating patients were randomised to receive a com-

bination of the six study interventions: 4 mg ondansetron

vs placebo, 4 mg dexamethasone vs placebo, 1.25 mg

droperidol vs placebo, propofol vs volatile anaesthetic, air

vs nitrous oxide, and remifentanil vs fentanyl. The timing

of ondansetron administration was based on the trials of

Sun et al. [13] and Tang et al. [14], in which administering

ondansetron near the end of surgery appeared to be more

effective for the prevention of PONV.

Patients were monitored for nausea and vomiting for

the first 24 h after surgery. The time, severity, and

characteristics of any emetic episode were recorded on

standardised forms. Any emetic episodes (either retching

or vomiting) were considered as postoperative vomiting.

Patients who experienced postoperative nausea (PON),

postoperative vomiting (POV), or both were considered

having suffered postoperative nausea and vomiting

(PONV) [6]. Rescue anti-emetic medication was pro-

vided as described previously [9, 10].

At 2 and 24 h after surgery, an investigator blinded to

treatment recorded emetic episodes and the patient’s self-

assessment of their strongest nausea during the preced-

ing time interval using an 11-point verbal rating scale

[6].

Statistical analysis

The primary outcomes for these analyses were the

incidences of nausea (PON), vomiting (POV), and

postoperative nausea and vomiting (PONV) for 24 h

after anaesthesia. The data which we analysed were from a

study that tested six interventions; however, this report

focuses solely on the effect of ondansetron on PONV.

The remaining five factors were balanced within the two

arms (i.e., ondansetron and placebo) due to the factorial

design, and are thus unlikely to have confounded the

results [9, 10].

Since nausea and vomiting were reported concurrently

in the same patients, the outcomes are best described as

correlated responses. Currently, there is no adequate

statistical test available for comparison of correlated

responses to a single intervention. Instead, relative risks

were calculated for each outcome and compared to assess

for a clinically significant difference, defined conserva-

tively as a difference in relative risks > 0.2.

Results are presented as relative risks (RR) with 95%

confidence intervals unless otherwise indicated. SAS

(Version 9.1; SAS Institute Inc, NC, USA) was used for

analysis.

Results

Informed consent was obtained from 5262 patients. Sixty-

three patients withdrew from the study before allocation,

leaving 5199 patients who were randomised to ondanse-

tron or placebo. Thirty-eight additional patients were

excluded for incomplete outcome records. Consequently,

we included 5161 patients randomised to ondansetron or

placebo in our analysis.

Patient characteristics and patient-related risk factors

were similar in the two groups (Table 1). Among the

Table 1 Risk factors and calculated risk for PONV. Results
presented as number of patients (%) or as mean (SD), as
indicated.

Control
(n = 2585)

Ondansetron
(n = 2576) p

Female gender 2096 (81) 2110 (82) 0.427
Age; years 47 (15) 47 (15) 0.238
Non-smoking status 2109 (82) 2082 (81) 0.483
History of PONV 863 (33) 899 (35) 0.251
History of motion sickness 862 (33) 875 (34) 0.637
Duration of anaesthesia; min 109 (65) 111 (64) 0.225
Type of surgery (abdominal) 1138 (44.2) 1158 (44.8) 0.676
Postoperative opioids 2002 (78) 2029 (80) 0.276
Risk score

0* 2 (0) 6 (0) 0.434
1* 118 (5) 104 (4)
2 628 (25) 621 (24)
3 1068 (42) 1047 (41)
4 739 (29) 771 (30)

Calculated risk for PONV 0.59 (0.17) 0.59 (0.17) 0.373

*Patients with 0–1 risk factors were anticipated to have 2+ risk factors
prior to randomisation but later did not (e.g., no need for postoper-
ative opioids).
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5161 patients, 826 (16.0%) had at least one episode of

PONV within 2 h after surgery, 1437 (27.8%) had at least

one episode between 2 and 24 h after surgery, and 1731

(33.5%) had an episode within 24 h of surgery.

During the first 2 h after surgery, ondansetron pre-

vented nausea and vomiting similarly, with a RR of 0.68

(0.59, 0.77) for nausea and 0.63 (0.48, 0.82) for vomiting

(Table 2). During the interval of 2–24 h after surgery, the

RR was 0.75 (0.68, 0.82) for nausea and 0.69 (0.59, 0.81)

for vomiting. For the entire study period (0–24 h),

ondansetron had RRs of 0.74 (0.68, 0.80) and 0.67 (0.58,

0.77) for nausea and vomiting, respectively (Fig. 1).

Discussion

In this large, randomised, controlled, multicentre trial, the

RR for nausea was 0.74 (0.68, 0.80) and for vomiting was

0.67 (0.58, 0.77), a difference that is highly unlikely to be

clinically relevant. In addition, the overlapping of the 95%

confidence intervals suggests that the effect of ondanse-

tron on the two outcomes is not significantly different.

In any study in which the null hypothesis is accepted,

it is important to confirm that there is sufficient power

to detect a meaningful difference, i.e. to distinguish

between a lack of evidence and evidence for a lack of

effect. This trial included over 5000 subjects randomised

to receive ondansetron or placebo. An issue with a study

this size is quite the opposite; it is powered to detect even

small differences that may become statistically significant,

even if no longer clinically meaningful. Our point

estimates indicate that the difference in the two outcomes

is 0.07, which, even if statistically significant, would not

be clinically relevant. Thus, it is fair to conclude that

ondansetron reduces the relative risks for both post-

operative nausea and vomiting to a similar degree

clinically.

This result contrasts with the generally held opinion

that ondansetron has greater anti-vomiting than anti-

nausea effect [4]. A review of the literature reveals that

this assumption was based on a meta-analysis that

concluded ‘the anti-nausea effect is less pronounced’

[8]. A closer look at that study reveals that analysis for the

anti-nausea effect excluded two studies because they

reported the prevention of nausea by ondansetron to be

twice that reported in other trials. While it is well-

accepted practice to present results without outliers, those

two studies were included in the anti-emetic analysis

Table 2 Relative risk, absolute risk reduction, and number-needed-to-treat. Results presented as number of patients (% of total).

Interval
(h) Symptom

Control
(n = 2585, %)

Ondansetron
(n = 2576, %)

Relative risk
(95% CI) p

Absolute risk
reduction (%)

Number-
needed-
to-treat

0–2 Nausea 479 (19) 322 (13) 0.68 (0.59, 0.77) < 0.001 6 17
Vomiting 136 (5) 85 (3) 0.63 (0.48, 0.82) 0.001 2 51
Nausea and ⁄ or
vomiting

492 (19) 334 (13) 0.68 (0.60, 0.77) < 0.001 6 17

Rescue treatment 41 (1.6) 30 (1.2) 0.73 (0.46, 1.17) 0.194 0.4 238
2–24 Nausea 796 (31) 591 (23) 0.75 (0.68, 0.82) < 0.001 8 13

Vomiting 345 (13) 238 (9) 0.69 (0.59, 0.81) < 0.001 4 25
Nausea and ⁄ or
vomiting

820 (32) 617 (24) 0.76 (0.69, 0.83) < 0.001 8 13

Rescue treatment 61 (2.4) 49 (1.9) 0.81 (0.56, 1.17) 0.255 0.5 219
0–24 Nausea 969 (38) 715 (28) 0.74 (0.68, 0.80) < 0.001 10 11

Vomiting 441 (17) 293 (11) 0.67 (0.58, 0.77) < 0.001 6 18
Nausea and ⁄ or
vomiting

996 (39) 735 (29) 0.74 (0.69, 0.80) < 0.001 10 11

Rescue treatment 100 (4) 74 (3) 0.74 (0.55, 1.00) 0.048 1 101
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Figure 1 Relative risks of nausea and vomiting for ondansetron
vs placebo. Incidences of nausea and vomiting are reported (%)
along with relative risks (RR) for ondansetron vs placebo, data
from IMPACT by Apfel et al. [10]. Both relative risks were
statistically significant for nausea and vomiting (p < 0.001);
however, the difference in relative risks for the two endpoints is
0.07 and unlikely to be clinically relevant.
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(as they were not outliers for vomiting). Thus, this

systematic review compared the pooled efficacy data for

nausea excluding the two outlying studies with the pooled

efficacy for vomiting including these studies, making a

comparison of the risk reductions for the different

outcomes less statistically sound.

Examining the raw data from that study for incidences

of nausea and vomiting for the 4 mg dose of ondansetron

(the FDA approved dose also used in our trial) reveals an

overall incidence of nausea of 62.9% (997 ⁄ 1585) in the

control and 41.4% (789 ⁄ 1908) in the prevention group,

which translates to a RR for nausea of 0.66. The

corresponding overall incidences of vomiting were 43.7%

(760 ⁄ 1740) in the control and 27.9% (575 ⁄ 2058) in the

prevention group, which translates to a RR for vomiting

of 0.64. The absolute difference in relative risks was thus

only 0.02, demonstrating that the RRs of nausea and of

vomiting in that comparison were, in fact, very similar

(Fig. 2). Moreover, the number-needed-to-treat to pre-

vent nausea of 4.6 (4.0–5.5) was smaller than the number-

needed-to-treat for vomiting of 6.4 (5.3–7.9), suggesting

that ondansetron may actually have prevented more nausea

than vomiting (of course, this is due to the higher baseline

incidence of nausea compared to vomiting and not a

specific outcome efficacy of the drug).

We therefore conclude that ondansetron’s clinical

effect is to comparably reduce the relative risks of

postoperative nausea and postoperative vomiting. This

finding is of particular relevance in the common clinical

scenario of designing a multiple drug antiemetic regimen,

as it is not necessary to consider the anti-nausea vs anti-

vomiting efficacies of ondansetron separately.
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