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Alizapride and ondansetron
 for the prevention of
postoperative nausea and vomiting in patients
undergoing laparoscopic gynaecological surgery

A double-blind, randomised, placebo-controlled noninferiority study

Geertrui Dewinter, An Teunkens, Kristien Vermeulen, Sarah Devroe, Jan Van Hemelrijck,

Christel Meuleman, Ignace Vergote, Steffen Fieuws, Marc Van de VeldeM and Steffen RexM
BACKGROUND Postoperative nausea and vomiting
(PONV) can be prevented. Alizapride is an established
antiemetic that may be effective in this role.

OBJECTIVE Our primary objective was to test the hypoth-
esis that alizapride is noninferior to ondansetron for the
prophylaxis of PONV.

DESIGN A randomised, placebo-controlled, double-blinded
noninferiority study.

SETTING University hospitals of Leuven, Belgium, from
November 2008 to July 2011.

PATIENTS A total of 523 patients undergoing laparoscopic
gynaecological surgery were included in the study. Reasons for
exclusion were American Society of Anesthesiologists (ASA)
greater than 2, hypersensitivity to the study medication, preg-
nancy, mental disorders, psychiatric illness or consumption of
antiemetic drugs within 24 h before initiation of the study.

INTERVENTION Patients received either alizapride 100 mg,
ondansetron 4 mg or placebo intravenously 30 min before
the end of surgery.

MAIN OUTCOME MEASURES The main outcome
measures included the incidences of postoperative nausea
(PON) and postoperative vomiting (POV) during the stay in
the postanaesthetic care unit (PACU), with noninferiority
testing for alizapride versus ondansetron. The region of
noninferiority was defined as a relative difference in inci-
dence of 25%. Secondary outcome was the incidence of
PONV in the PACU and after 24 h.
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RESULTS In the alizapride group, 32% of the patients
experienced PON during the PACU stay, compared with
28% in the ondansetron group [relative risk 1.13, 90%
confidence interval (CI) 0.87 to 1.46], exceeding the pre-
defined margin of noninferiority. With respect to the inci-
dences of POV during the PACU stay, 12.8% of the patients
randomised to receive alizapride experienced POV, com-
pared with 7.7% of who received ondansetron (relative risk
1.67, 90% CI 1.00 to 2.87). The incidences of PON and
POV in the placebo group during the PACU stay were 34.2
and 9.8%, respectively. The 24-h incidences of PONV were
lower than expected in this high-risk group of patients and
were similar at 39.3, 36.8 and 31.5% in the placebo, aliza-
pride and ondansetron groups, respectively (x2, P¼0.36).
Patients treated with ondansetron required significantly
less rescue medication than placebo-treated patients
(P¼0.035). Due to the lower than expected incidences of
PONV in this study, the power to conclude any noninferiority
of alizapride was reduced to only 41%.

CONCLUSION We found no evidence to support the non-
inferiority of alizapride 100 mg when compared with ondan-
setron 4 mg for the intraoperative prophylaxis of PONV.
However, the lower than expected incidences of PONV
reduced the power of this study to conclude noninferiority
or confirm significant beneficial effects for either antiemetic
for PON and POV during the PACU stay.
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Introduction

In recent years, postoperative nausea and vomiting

(PONV) has gained increasing attention. The overall

incidence of PONV is currently estimated to be 20 to

30%.1 Several classes of drug are used in the management

of PONV, but no single class of drug is completely

effective in controlling PONV. The D2-receptor antagon-

ist alizapride is a methoxy-2-benzamide derivative struc-

turally related to metoclopramide.2,3 In several European

and South American countries (Belgium, Italy, France,

Germany, Netherlands, Brazil and Colombia), alizapride

is an established antiemetic that is widely used in oncol-

ogy and perioperative medicine.3,4 Alizapride has a

favourable safety profile with only infrequently occurring

side effects, which include headache, dizziness, akathisia,

dry mouth and extrapyramidal syndromes.5

Ondansetron, a 5-HT3 receptor antagonist, is one of the

best studied and most potent antiemetic drugs to prevent

PONV.6–8 Ondansetron has few side effects (e.g. head-

ache, akathisia and QT-elongation), but is still relatively

expensive.9 Although alizapride has been demonstrated

to be equally as effective as ondansetron in the treatment

of PONV,10 alizapride and ondansetron have never been

compared in an adequately powered, randomised,

placebo-controlled trial with respect to their efficacy in

preventing PONV. This lack of data on the efficacy of

alizapride for the prevention of PONV has been noted in

a recent Cochrane report.11 Therefore, we performed a

randomised, double-blind, placebo-controlled noninfer-

iority study to test the hypothesis that alizapride is

noninferior to ondansetron for the prophylaxis of PONV

in a group of patients known to exhibit a particularly high

risk of PONV.

Materials and methods
A total of 523 women scheduled for laparoscopic gynae-

cological surgery were included in this double-blind,

randomised, placebo-controlled noninferiority trial.

The study protocol (Ethical Committee No. OG 032)

was approved by the ethics committee of the University

Hospitals of KU Leuven, Leuven, Belgium (Chairperson

Prof J. Vermylen) on 4 September 2008 and approved/

registered by the Belgian government (EUDRACT num-

ber CT 2008-004789-20). Written informed consent was

obtained from all enrolled subjects. Inclusion criteria

were American Society of Anesthesiologists’ (ASA)

physical status 1 or 2 and age more than 18 years. The

exclusion criteria were hypersensitivity to any of the

study medications, ASA grades 3 to 5, pregnancy, Parkin-

sonism, mental disorders, psychiatric illness or consump-

tion of antiemetic drugs within 24 h before initiation of

the study. Randomisation was performed using a com-

puter-generated randomisation code (Microsoft Excel).

The patients were assigned randomly to one of three

groups: the ondansetron group (group O, n¼ 200), the
yright © European Society of Anaesthesiology. U
alizapride group (group A, n¼ 200) or the placebo group

(group, n¼ 123).

Allocation concealment was ensured by enclosing assign-

ments in sealed, opaque, sequentially numbered envel-

opes that were opened only after arrival of the patient in

the operation room. Study drugs (alizapride 100 mg,

ondansetron 4 mg or 0.9% saline) were prepared by an

independent anaesthetist not involved in the treatment

or follow-up of the study patients. All drugs were deliv-

ered in identical syringes with a total volume of 4 ml

(dilution of ondansetron with 0.9% saline), and adminis-

tered intravenously (i.v.) approximately 30 min before

the end of surgery. Patients, anaesthetists and the study

nurse who collected the trial data were blinded to

group allocation.

The anaesthesia technique was standardised for all

patients. Patients were premedicated with alprazolam

(0.5 mg orally) 1 h before surgery. Anaesthesia was

induced with propofol (2 mg kg�1), sufentanil

(0.2 mg kg�1) and rocuronium (0.5 mg kg�1). After tra-

cheal intubation, maintenance of anaesthesia was

achieved with sevoflurane (2.0 to 3.0%) in an oxygen/

air mixture and additional boluses of sufentanil if deemed

necessary by the attending anaesthetist. In addition,

paracetamol (15 mg kg�1) and ketorolac (0.5 mg kg�1)

were administered immediately after induction of anaes-

thesia. For postoperative analgesia during the hospital

stay, patients received paracetamol (15 mg kg�1 i.v. every

6 h), ketorolac (0.5 mg kg�1 i.v. every 8 h) and piritramide

boluses [2 mg i.v. in the PACU and 0.25 mg kg�1 intra-

muscularly (i.m.) every 6 h] as a rescue therapy. Episodes

of PONV were treated with the first-line rescue therapy

consisting of 1.25 mg droperidol i.v. and 5 mg dexametha-

sone i.v. When PONV still persisted after 30 min, ondan-

setron 4 mg and alizapride 100 mg were administered i.v.

as a second rescue therapy.

Postoperative nausea (PON) was defined as the feeling of

the urge to vomit and scored by means of a visual

analogue scale (VAS), with a VAS score of 0 representing

lack of nausea, and a VAS score of 10 being the worst

imaginable form of nausea. Treatment was initiated if the

VAS score exceeded 2. These VAS scores were used only

as a guide to treatment. Postoperative vomiting (POV)

was defined as the expulsion of stomach contents through

the mouth.

PONV was defined as the presence of nausea and/or

vomiting. A complete response to the study medications

was defined as no episodes of PONV in 24 h and no need

for rescue antiemetics. The incidence and severity of

PONV were evaluated using the following three vari-

ables: the incidences of PON, of POV and of the com-

bination of nausea and vomiting (PONV). These

outcome variables were monitored every hour until
nauthorized reproduction of this article is prohibited.
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discharge from the PACU or until ambulation (in day-

case surgery). Postoperatively, patients were interviewed

(either personally or, in day-case surgery, via telephone)

at 24 h to report the incidence/severity of nausea and

vomiting in the previous 24 h.

Primary outcome
The incidences of PON (VAS score �1) and POV in the

PACU were considered as primary outcome with non-

inferiority being tested separately for both. A patient was

declared positive for nausea irrespective of the time at

which PON occurred and irrespective of the number of

PON episodes.

Secondary outcomes
Evaluation of noninferiority of alizapride for PONV in

PACU and after 24 h was considered a secondary out-

come. Subgroup analyses were performed for patients

with two PONV risk factors and for patients with three or

four risks factors according to the simplified risk score of

Apfel et al.12 In addition, the need for rescue medication

was compared among the three groups.

Sample size estimation
According to the risk score of Apfel et al.12 (which allows a

risk stratification according to the presence of four PONV

risk factors, i.e. female sex, perioperative use of opioids,

nonsmoking status and a previous history of PONV) and

the prevalence of three risk factors in the majority of our

patients, a control event rate in the group P of 60% was

expected in our patient population. As the preventive use

of ondansetron is known to reduce the incidence of

PONV by 25%, a PONV incidence of 45% was expected

in the ondansetron group.13 We hypothesised that aliza-

pride 100 mg would be noninferior to ondansetron 4 mg

and defined the margin of noninferiority at an absolute

risk difference of 12.5%. With 45% as the expected

incidence rate for both antiemetics, the required number

of patients per group to find noninferiority with at least

80% power was 196 on the basis of a one-sided test and an

a error of 5%. Further, 111 patients were needed in group

P to find a significant difference in incidences between

both antiemetic groups combined (n¼ 392) of 45% and

the expected rate of 60% in the placebo group, using a

two-sided x2 test and an a error of 5%.

Statistical analysis
Analyses were performed using SAS software, version 9.2

of the SAS System for Windows (SAS Institute Inc., Cary,

North Carolina, USA). Exact confidence intervals (CIs)

for the difference in proportions and relative risks were

obtained with StatXact-9 (Cytel Inc., Cambridge,

Massachusetts, USA). The noninferiority of alizapride

compared to ondansetron was tested using the exact

two-sided 90% CI approach for the difference in pro-

portions and relative risk, which corresponds to the

appropriate one-sided P value less than 0.05 to conclude
ight © European Society of Anaesthesiology. Un
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noninferiority.14 Kaplan–Meier survival analysis was

used to compare durations of freedom from PONV

during the PACU stay.

A logistic regression model stratified by group (ondanse-

tron, alizapride, placebo) was used to predict PONV

incidence during the PACU stay from several separate

patient characteristics (age, BMI, duration of anaesthesia,

duration of surgery, ASA risk classification, smoking

behaviour, history of PONV and risk grouping according

to the Apfel score). All these characteristics (except risk

grouping, as this is already based on smoking behaviour

and history of PONV) were combined in an additive

multivariable logistic regression model. P values less than

0.05 were considered significant.

Posthoc changes to statistical analysis plan
Due to lower than expected incidences of PONV in our

study, it was necessary to abandon the predefined margin

of noninferiority expressed as an absolute risk difference

of 12.5% and to use a relative risk difference of 25%, or a

risk ratio of 1.25 instead. This change from an absolute to

relative risk approach represented a pragmatic attempt

to approximate the original margin of noninferiority due

to the lower than expected incidences observed in our

study.

Results
Figure 1 shows a flow chart of the study. Patients did not

differ in respect of demographic/biometric data, risk

factors for PONV, or durations of anaesthesia and surgery

(Table 1). All patients received opioids perioperatively

with no difference in opioid doses among the three

groups.

Our results failed to demonstrate our primary outcome of

noninferiority of alizapride in comparison with ondanse-

tron in respect of the incidence of PON during the PACU

stay. In the alizapride group, 31.6% of the patients

experienced PON during the PACU stay, compared with

28.1% of patients in the ondansetron group (relative risk

1.13, 90% CI 0.87 to 1.46, exceeding the predefined

margin of noninferiority) (Fig. 2, Table 2). In respect

of the incidence of POV during the PACU stay, alizapride

also failed to show noninferiority in comparison to ondan-

setron; 12.8% of patients randomised to receive alizapride

experienced vomiting during the PACU stay, compared

with 7.7% of those who received ondansetron (relative

risk 1.67, 90% CI 1.00 to 2.87) (Fig. 2, Table 2). The

incidences of PON and POV in the placebo group

were 34.2 and 9.8%, respectively.

In respect of our secondary outcome of the incidence of

PONV during the PACU stay, alizapride failed to reach

noninferiority. We found that 32.1% of patients in the

alizapride group experienced PONV, compared with

28.6% in the ondansetron group (relative risk 1.13,

90% CI 0.87 to 1.45). The incidence of PONV in the

PACU was 34.2% in the placebo group (Fig. 2, Table 2).
authorized reproduction of this article is prohibited.
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Fig. 1

Assessed for eligibility (n = 710)

Excluded (n = 187)
•  Not meeting inclusion criteria (n =40) 

•  Declined to participate (n = 120) 
•  Other reasons (n = 27 )      

Randomised (n = 523)

Allocated to alizapride (n = 200)

Received allocated intervention(n = 200)

Allocated to placebo (n = 123)

Received allocated intervention(n = 123) 

Allocated to ondansetron (n = 200) 

Received allocated intervention (n = 200) 

Analysed (n = 196)

Excluded from analysis (n = 4)
•  received other iv

antiemetics
intraoperatively (n = 4)

Analysed (n = 123)

Analysed (n = 196)

Excluded from analysis (n = 4)
•  received other iv 
antiemetics
intraoperatively (n = 4)

CONSORT flow chart.
The 24-h incidences of PONV were lower than expected

in this high risk group of patients and were similar at 39.3,

36.8 and 31.5% in the placebo, alizapride and ondanse-

tron groups, respectively (x2, P¼ 0.36). In respect of the

overall incidence of PONV in the first 24 h, alizapride

could not be considered noninferior in comparison with

ondansetron. The incidence of PONV in the alizapride

group was 36.8% compared with 31.5% in the ondanse-

tron group (relative risk 1.17, 90% CI 0.91 to 1.50). The

incidence of PONV in the placebo group during the first

postoperative 24 h was 39.3% (Fig. 2, Table 2).

For the secondary outcome incidences of PONV within

PACU and PONV within 24 h, there was an interaction

between the prevalence of risk factors and the incidence

of PONV (P¼ 0.045 for PONV in PACU and P¼ 0.059

for PONV within 24 h) (Table 3). In the low-risk group,
yright © European Society of Anaesthesiology. U
alizapride was not inferior in respect of PONV in the

PACU, but was inferior for PONV within 24 h. In the

high-risk group, alizapride could not be considered

noninferior.

In the logistic regression analysis, we found age, non-

smoking and a history of PONV to predict the risk of

PONV in the PACU independently. Other baseline

characteristics (BMI, duration of anaesthesia/surgery

and the ASA grade) were not significantly associated with

an increased risk of PONV (Table 4).

A prespecified secondary analysis demonstrated that

patients who received ondansetron required significantly

less rescue medication than patients in group P

(P¼ 0.035), whereas the use of rescue medication in

the alizapride group showed no statistically significant

difference to that in the placebo group.
nauthorized reproduction of this article is prohibited.
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Table 1 Patient characteristics

All (n U 515) Ondansetron (n U 196) Alizapride (n U 196) Placebo (n U 123)

Age (years) 39 (32 to 50) 38 (32 to 49) 39 (31 to 50) 39 (31 to 51)
Weight (kg) 65 (59 to 74) 66 (59 to 74) 65 (60 to 74) 65 (57 to 73)
Height (cm) 165 (161 to 170) 166 (162 to 170) 165 (161 to 170) 165 (160 to 170)
BMI (kg m�2) 24 (22 to 27) 24 (21 to 26) 24 (22 to 27) 23 (21 to 26)
ASA physical status 1 (1 to 2) 1 (1 to 2) 1 (1 to 2) 1 (1 to 2)
Smoking (%) 25.1 23.6 24.1 29
PONV history (%) 20 22 18.1 19
PONV risk grouping

Low risk (%) 20.3 20 19 23.2
High risk (%) 79.7 80.1 81 76.9

Duration of anaesthesia (min) 102 (70 to 155) 108 (70 to 165) 95 (65 to 145) 110 (65 to 180)
Duration of surgery (min) 65 (40 to 120) 65 (44 to 124) 65 (40 to 105) 65 (40 to 120)
Cumulative opioid consumption

Sufentanil (mg kg�1) 0.3 (0.2 to 0.4) 0.3 (0.2 to 0.4) 0.3 (0.2 to 0.4) 0.3 (0.2 to 0.4)
Piritramide i.v. (mg kg�1) 0.0 (0.0 to 0.1) 0.0 (0.0 to 0.1) 0.0 (0.0 to 0.1) 0.0 (0.0 to 0.1)
Piritramide i.m. (mg kg�1) 0.0 (0.0 to 0.2) 0.0 (0.0 to 0.2) 0.0 (0.0 to 0.2) 0.0 (0.0 to 0.2)

Continuous data are presented as median (IQR). ASA, American Society of Anesthesiologists.
No serious adverse events were documented in any

patient.

Discussion
The results of the present study cannot rule out with

certainty the noninferiority of alizapride over ondanse-

tron for the prevention of PONV. However, our obser-

vations suggest that alizapride should not be considered

an equally effective form of PONV prophylaxis.

Although ondansetron is one of the most frequently

studied drugs in anaesthesia, only four studies in the

literature have systematically investigated alizapride

for the prevention of PONV.2–4,15 This remarkable

paucity of data may be, at least in part, attributed to

the fact that alizapride is marketed only in a limited

number of countries (Belgium, Italy, France, Germany,
ight © European Society of Anaesthesiology. Un
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Netherlands, Brazil and Colombia). These four studies

showed that alizapride in doses of 50 to 200 mg exhibits

an antiemetic effect during the first 4 to 24 postoperative

hours and hence contradict our observations at first sight.

However, these studies are difficult to compare with our

results due to the inclusion of different patient popu-

lations, the investigation of other endpoints and the use

of different alizapride dosing regimens. Moreover, the

previous studies were published in the 1980s, and since

then, anaesthetic techniques and drugs have evolved

significantly. Furthermore, these historical investigations

included considerably fewer patients than in our study.

In addition, none of these studies compared alizapride

with ondansetron. Finally, significant methodological

weaknesses result in noncompliance with the recently

published requirements for standardised PONV studies

as suggested by Apfel et al.16
authorized reproduction of this article is prohibited.
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Table 2 Incidences of postoperative nausea, postoperative vomiting and postoperative nausea or vomiting in the three groups and
comparison of alizapride with ondansetron

Incidence

(95% CI)

Comparison alizapride

with ondansetron

Alizapride Ondansetron Placebo

n/N % (95% CI) n/N % (95% CI) n/N % (95% CI) Diff % (90% CI) RR (90% CI)

PON 62/196 31.6 (25.2 to 38.6) 55/196 28.1 (21.9 to 34.9) 42/123 34.2 (25.8 to 43.2) 3.6 (�4.1 to 11.2) 1.13 (0.87 to 1.46)
POV 25/196 12.8 (8.4 to 18.3) 15/196 7.7 (4.3 to 12.3) 12/123 9.8 (5.1 to 16.4) 5.1 (�0.1 to 10.3) 1.67 (1.00 to 2.87)
PONV PACU 63/196 32.1 (25.7 to 39.2) 56/196 28.6 (22.4 to 35.4) 42/123 34.1 (25.8 to 43.2) 3.6 (�4.2 to 11.3) 1.13 (0.87 to 1.45)
PONV 24h 63/171 36.8 (29.6 to 44.5) 56/178 31.5 (24.7 to 38.8) 42/107 39.3 (30.0 to 49.2) 5.4 (�3.1 to 14.0) 1.17 (0.91 to 1.50)

CI, confidence interval; Diff, absolute risk difference; PACU, postanaesthetic care unit; PONV, postoperative nausea or vomiting; POV, postoperative vomiting; RR, risk
ratio, PON, postoperative nausea.
It is well known from several meta-analyses that ondanse-

tron is one of the most effective antiemetic agents available

for prevention and treatment of PONV.6 It is therefore

striking that we failed to demonstrate the superiority of

ondansetron versus placebo with statistical significance,

although our study (and the sample size calculation)

addressed a high-risk population with a predicted PONV

risk of 40 to 80% (average risk of 60%) according to the risk

score of Apfel et al.12 However, the study was not powered

for the comparison of ondansetron separately with placebo.

Of note, on the background of the incidences observed in

our placebo group and assuming a relative risk reduction of

25% by ondansetron,17 incidences of PON, POV, PONV in

the PACU and PONV after 24 h would be expected to be

25.6, 7.3, 25.6 and 29.4%, respectively. In fact, the

observed event rates in the ondansetron patients were

only slightly different (28.1, 7.7, 28.6 and 31.5%), corre-

sponding with relative risk reductions close to 25% (17.8,

21.6, 16.3 and 19.9%). Moreover, in our study, the efficacy

of ondansetron might still be reflected by the fact that

significantly less rescue medication was necessary in those

patients who had received intraoperative ondansetron

prophylaxis, whereas alizapride prophylaxis did not

decrease the necessity to administer rescue medication.

This observation is in accordance with a recent Cochrane

meta-analysis.11 The use of rescue medication might have

masked the true difference in the PONV incidences

among the different groups.

Hence, treatment with ondansetron achieved the

expected reduction in PONV incidences, but the differ-

ence was not significant in our patients. However, aliza-

pride performed even worse. The differences between

alizapride and placebo were smaller than the differences
yright © European Society of Anaesthesiology. U

Table 3 Incidences of postoperative nausea or vomiting in postanaes

Alizapride O

PONV Low-risk n/N (%) 4/37 (10.8) 1
PACU High-risk n/N (%) 58/158 (36.7) 4
PONV Low-risk n/N (%) 4/33 (12.1) 1
24 h High-risk n/N (%) 58/137 (42.3) 4

Subgroup analysis of the incidence of PONV during the PACU stay and the first 24 pos
and the high-risk group (three or four risk factors: female sex, opioid use, PONV history
The risk factors are in accordance with the simplified risk score of Apfel et al.12 CI, con
vomiting; RR, relative risk.
between ondansetron and placebo. Moreover, in the

direct head-to-head comparison, alizapride decreased

the risk of PON and POV to a lesser extent than ondan-

setron, both during the stay in PACU and during the first

24 postoperative hours. According to a recently published

extension of the CONSORT 2010 statement, the pos-

ition of the CIs for the risk ratios (Fig. 2) indicates that the

result is inconclusive ‘in that it is still plausible that the

true difference between alizapride and ondansetron is

less than the predefined margin of noninferiority’.18

Consequently, our study cannot discard with certainty

the noninferiority of alizapride versus ondansetron for the

prevention of PONV, although the current results suggest

that there is no reason to consider alizapride to be an

equally effective prophylaxis against PONV.

Interestingly, a subgroup analysis (Table 3) revealed that

alizapride appeared to be noninferior for the prevention

of PONV in the PACU in low-risk groups when compared

with ondansetron. However, this observation refers only

to a subpopulation with very few patients. The reasons

for this observation are purely speculative. It is tempting

to postulate that different emetic mechanisms prevail in

different risk groups, making patients in one group more

susceptible to a specific intervention than another. In

fact, recent evidence shows that the efficacy of 5-HT3

antagonists is significantly affected by pharmacoge-

netics.19

We acknowledge that our study has several limitations.

First, as mentioned above, the PONV incidence observed

in our study was considerably lower than predicted from

the well established and validated risk score originally

proposed by Apfel et al.12 As the observed incidence of

PONV was much lower than that expected when
nauthorized reproduction of this article is prohibited.

thetic care unit and in the first 24 h

ndansetron RR (95% CI) P Pint

0/39 (25.6) 0.422 (0.15 to 1.22) 0.1 0.045
6/157 (29.3) 1.253 (0.91 to 1.72) 0.16
0/39 (25.6) 0.473 (0.16 to 1.37) 0.15 0.059
6/139 (33.1) 1.279 (0.94 to 1.74) 0.11

toperative hours for the low-risk group (two risk factors: female sex and opioid use)
and/or nonsmoking). The value of Pint relates to comparison between risk groups.

fidence interval; PACU, postanaesthetic care unit; PONV, postoperative nausea or
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Table 4 Risk of experiencing postoperative nausea and vomiting during the postanaesthetic care unit stay as a function of baseline
characteristics

Univariable Multivariable

Odds ratio (95% CI) P Odds ratio (95% CI) P

Age (per year) 0.966 (0.951 to 0.981) <0.0001 0.958 (0.941 to 0.975) <0.0001
BMI (kg m�2) 0.911 (0.951 to 1.033) 0.68 1.000 (0.955 to 1.048) 0.99
Duration of anaesthesia (per 15 min) 1.000 (0.969 to 1.032) 0.75 0.996 (0.988 to 1.005) 0.38
Duration of surgery (per 15 min) 1.014 (0.975 to 1.055) 0.49 1.005 (0.996 to 1.015) 0.28
ASA classification (1 $ 2) 1.288 (0.875 to 1.898) 0.42 0.815 (0.515 to 1.291) 0.38
Smoking (Yes $ No) 0.508 (0.316 to 0.817) 0.005 0.388 (0.234 to 0.643) 0.0002
PONV history (Yes $ No) 2.800 (1.790 to 4.379) 0.0001 2.603 (1.629 to 4.158) <0.0001
Risk grouping (High $ Low) 2.218 (1.305 to 3.768) 0.003

ASA, American Society of Anesthesiologists’ physical status classification system; CI, confidence interval; PACU, postanaesthetic care unit.
estimating the sample size, the power to show noninfer-

iority was therefore markedly reduced to 41% in our

study. We acknowledge that a more optimal design of

the study would have included a blinded interim analysis,

with the sole purpose of verifying the assumed incidence,

and a recalculation of the sample size needed in case of a

discrepancy. We thus acknowledge that the lower than

expected incidences of PONV considerable reduced the

power of this study to be able conclude noninferiority.

Nevertheless, the observed relative risk of 1.67 for POV

suggests that the failure to show noninferiority of aliza-

pride should not be attributed entirely to a mere lack

of power.

The appropriateness of the original definition of the mar-

gin of noninferiority as an absolute difference of 12.5% is

also questionable. In hindsight, this definition seems too

liberal because it is not much lower than the absolute risk

difference of 15% expected between placebo and ondanse-

tron. Furthermore, we are unable to explain the low inci-

dence of PONV that was observed in our study, although

we strictly adhered to the PONV risk factors during

inclusionofthepatients.Moreover,wewereabletoconfirm

thevalidity of these risk factors in ourpopulationandused a

conventional anaesthetic regimen based on volatile anaes-

thetics.Ofnote, theApfel riskscorewasdeveloped14years

ago,12 and it may be argued that, given the development

of anaesthetic and surgical techniques since then, the

predicted PONV incidences might have changed. In high

risk groups, previously reported incidences of PONV that

were lower than predicted, and comparable to the findings

in our study, have been reported.20 Alternatively, the

observed differences in PONV incidences might be attri-

butable to the use of sufentanil in our study, although this is

speculative; the majority of PONV studies from which the

PONV incidences were derived were performed with fen-

tanyl or remifentanil.17 Although controversial, sufentanil

has been claimed to trigger less PONV than fentanyl.21

Future studies should specifically address the question of

whether incidences of PONV may be dependent upon the

type of opioid used.

Next, we opted to use the incidences of POV and PON

during the PACU stay as primary outcome para-

meters. This choice was made on the basis of practical
ight © European Society of Anaesthesiology. Un
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considerations; nearly half of our patient population

(47%) underwent surgery on an ambulatory basis, and

absence of PONV is one of the main discharge criteria.

The incidence of PONV after 24 h was one of our second-

ary outcome parameters. Interestingly, we could not

identify a single patient suffering from PONV in the first

24 h who had not already exhibited PON or POV during

the PACU stay. Moreover, the use of rescue medication

was not standardised in our trial, although this does not

affect the primary outcome parameters. Although this was

a noninferiority trial, we decided to include a placebo

group. It has been suggested that only the presence of a

placebo group allows a true estimate of the relative efficacy

and harm of antiemetic interventions in the perioperative

setting.1,16

Finally, although we specifically studied the efficacy of

alizapride for the prevention of PONV, the design of our

study did not allow testing of the efficacy of alizapride for

the treatment of PONV.

In conclusion, we found no evidence to support the

noninferiority of alizapride 100 mg when compared with

ondansetron 4 mg for intraoperative prophylaxis of

PONV. However, the lower than expected incidences

of PONV reduced the power of this study to conclude

noninferiority or confirm significant beneficial effects of

either antiemetic for PON and POV during the PACU

stay.
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