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Abstract

For various diseases clinicians have to combine different drugs or interventions when a single drug
or intervention does not lead to satisfactory results. However, quantifying the relative benefit of certain
drugs or interventions when given alone and in combination under controlled conditions requires a
complex factorial design. This paper describes such a method applied to a large multicenter trial for
the prevention of postoperative nausea and vomiting (PONV), which may be of great interest
for other specialties. Approximately 28 million operations are performed annually in the United States,
mainly under general anesthesia with volatile anesthetics. Unfortunately, one-third of these patients suffer
from PONV. This prompted extensive research of antiemetic and anesthetic drugs, but none of the
interventions appeared to satisfactorily prevent PONV. Scuderi et al. were the first to almost
eliminate PONV by combining various antiemetic interventions; however, the relative benefit of each
intervention remained unclear. Accordingly, we have designed a large randomized controlled trial
studying six different antiemetic interventions—three involving use of various antiemetic drugs and
three involving choice of anesthetic drugs—to answer the following main questions: (1) What is the
relative benefit of each of the antiemetic intervention? (2) Are certain combinations of antiemetic
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interventions more effective than others? Using a complete factorial design this leads to 2° = 8
antiemetic combinations, which multiply with the 2° = 8 combinations of anesthetic drugs, leading
to a total of 2° = 64 possible combinations. The six factors are the antiemetics ondansetron (versus
control), dexamethasone (versus control), droperidol (versus control), and the intravenous anesthetic
propofol (versus volatile anesthetics), air (versus nitrous oxide), and remifentanil (versus fentanyl).
The primary outcome is freedom from PONV within the first 24 hours after anesthesia. Eligible
patients are adults scheduled for elective surgery under general anesthesia with an increased risk for
PONYV so that the expected incidence in the control group (with none of the six antiemetic interventions)
is approximately 60%. In order to allow analyses for up to three factor interactions, a sample size
was estimated to be in the range of approximately 5000 patients. To the best of our knowledge this
is the first randomized controlled trial of a six-way factorial design that may serve as an example for
numerous other medical specialties. © 2003 Elsevier Inc. All rights reserved.

Keywords: Randomized controlled trial; Factorial design; Interaction analysis; Logistic regression analysis;
Postoperative nausea and vomiting; Antiemetics; Ondansetron; Dexamethasone; Droperidol; Propofol

Introduction

There are numerous drugs or interventions that—when given alone—do not satisfactorily
prevent or treat diseases. When various interventions with different sites of action are
available, their combined use may result in increased efficacy. However, even if only a
few approaches are available, the exponentially increasing number of possible combinations
renders the identification of the “ideal” approach an almost impossible task. Accordingly,
most “combination” studies are simple comparisons of a single versus a double intervention
with usually no more than two or three arms. Unfortunately, the results of these studies
can hardly be compared since they are derived from different populations and background
factors. The only solution to this problem is the usage of a complete factorial design that
allows quantifying the relative benefit of certain interventions when they are given alone and
in combination under controlled conditions (see Appendix A). This paper describes this
unique method applied to a large multicenter trial for the prevention of nausea and vomiting
after anesthesia, which may be of interest for other specialties.

Postoperative nausea and vomiting (PONV) are well-known problems after inhalational
anesthesia [1]. Institutional incidences vary considerably but on average every third patient
suffers from PONV [2,3]. The individual risk of PONV can be predicted by operation-
independent risk scores developed in the last decade [3-5], and recent validations suggest
that simplified risk scores allow a correct classification in approximately 70% of cases [6,7].
Different antiemetic interventions have been shown to reduce PONV [8-10] but, because
of their limited efficacy, unselective routine application has been questioned for medical and
economical reasons [11,12]. However, as the number of patients needed to be treated to
prevent one patient from experiencing PONV decreases when the control event rate (i.e.,
standard risk without the use of any antiemetic intervention) is high, patients at high risk
for PONV may well profit from an effective prophylactic antiemetic intervention [13,14].

Strategies to reduce PONV can be categorized into (1) the prophylactic application of
antiemetics drugs and (2) lowering the standard risk by the usage of less emetogenic anesthe-
tics. The most promising antiemetics as quantified by meta-analyses are ondansetron, dexa-
methasone, and droperidol [8,10,15]. Correspondingly, the three most promising anesthetics
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to lower the baseline risk involve the use of propofol instead of volatile anesthetics, the
omission of nitrous oxide, and the use of remifentanil instead of fentanyl [9,16—18]. The limited
efficacy of a single intervention has prompted studies that combine two antiemetics with
better but still not completely satisfactory results [19,20]. Accordingly, Scuderi et al. combined
numerous approaches at the same time to reduce PONV and were able to demonstrate an
almost complete elimination of PONV [21]. However, such multimodal approaches do
not allow the quantification of the relative benefit of each antiemetic intervention so that
some interventions may well be ineffective while a limited number of interventions may
have led to a very similar result.

Study design

The above outlined problem can only be solved by a study stratified for different types
of general anesthesia as well as for different antiemetics. Accordingly, this paper describes the
International Multicenter Protocol to Assess the single and combined benefits of antiemetic
interventions in a Controlled clinical Trial of 2 X 2 X 2 x 2 X 2 x 2 factorial design (IMPACT),
which enables subanalyses of up to three factor interactions. Every patient will be randomized
to receive one combination of the six influencing factors, i.e., allocated to 1 of the 64 groups.

1. 4 mg ondansetron versus control
II. 4 mg dexamethasone versus control
III. 1.25 mg droperidol versus control
IV. Propofol (Diprivan, Disoprivan) versus a volatile anesthetic
V. Air versus nitrous oxide
VI. Remifentanil versus fentanyl

Outcome measures

The primary outcome is the incidence of nausea and/or vomiting in the first 24 hours
after anesthesia. In the medical literature this is usually abbreviated as “PONV.”

The secondary outcomes are the incidences of postoperative vomiting and PONV in the
early (0-2 hours), middle (2-6 hours), and delayed (624 hours) postoperative period as
well as patient satisfaction.

Objectives
The primary objectives are to demonstrate that:

1. Each single intervention leads to an overall reduction of PONV. These “main effects”
are to be quantified.

2. There are no clinically relevant two or three factor interactions, i.e., the factors act
synergistically (additive synergism) without antagonism or potentiation (supa-addi-
tive synergism).

3. A decreased incidence of PONV will be associated with increased patient satisfaction.
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The secondary objectives are to demonstrate that:

1. Volatile anesthetics cause dose-dependent early PONV with no clinically relevant
differences between various specific volatile anesthetics.

2. The relative reduction rate of all antiemetic interventions (except dexamethasone) are
highest in the early (0-2 hours) postoperative period.

3. The relative reduction rate of antiemetic interventions for PONV does not depend on
the type of surgery, nor on patient-related risk factors such as female gender, smoking
status, history of motion sickness or PONYV, or young age.

4. The cost-benefit relation differs between various antiemetic interventions, even when
wake-up times, nursing, bed cleaning, etc. are considered.

5. Additional consideration of antiemetic interventions such as antiemetics or the total
intravenous anesthesia can significantly improve the prediction of a currently established
simplified risk score for PONV [5].

6. The type of surgery is not an independent predictor for PONV and does not in-
crease predictability significantly if included in a risk model.

Patient selection

Inclusion criteria included: male and female adults of at least 18 years of age, scheduled
as in- or outpatients for elective surgery under general anesthesia of at least 1 hour with a
risk of PONV of about 40% or higher according to Apfel et al. (two or more risk factors) [5].

Exclusion criteria included: all patients who have contraindications for any of the drugs
used in the study, e.g., Parkinson’s disease (droperidol), severe liver or kidney insufficiency
(propofol, droperidol, ondansetron), severe cardiac arrhythmia (droperidol, ondansetron);
pregnant or lactating females; patients under chemotherapy with emetogenic drugs; patients
given antiemetic drugs within 24 hours before the operation; and patients who are anticipated
to require postoperative artificial ventilation.

Stratification and randomization

Due to the factorial design the number of treatment combinations to be performed will
be 2% = 64. The centers are also offered an additional potentially influencing factor to consider
in the randomization list, i.e., to titrate the depth of anesthesia as measured by an automated
electroencephalographic algorithm called Bispectral index (BIS index, Aspect Medical Inc.,
Newton, MA, USA) to the range of 30—40 or 55-65, which leads to 27 = 128 treatment
combinations. For reasons described in the statistics section, the ratio of patients receiving
propofol or volatile anesthetics as treatment will be 2:1. To achieve this ratio, twice as
many patients who receive the 2° other treatment combinations should receive propofol in
comparison to patients receiving volatile anesthesia. This results in a minimum number of
20.24+1)' = 192 randomized patients to receive the 128 treatment combinations in the
required ratio. The predefined 192 combinations are randomized using the random function
in Excel and doubled to obtain a list for 384 patients. Each center will be provided with a
different randomization list.
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Flanking study

Besides using nitrous oxide versus air with 30% oxygen, a third alternative is the use of
air with 80% oxygen since recent results suggest the latter to be equally effective to the antiemetic
ondansetron [22,23]. Three centers are interested in having this third alternative implemented
in the randomization, which results in 96 patients with nitrous oxide, 96 patients with air (30%
oxygen), and an identical branch of 96 patients with air (80% oxygen). This leads to 284
instead of 192 combinations for which a separate randomization will be created.

Anesthesia

On the morning of surgery, all patients will receive premedication with a benzodiazepine
that is normally used in the department. Three minutes before induction either a bolus 100-
200 pg fentanyl or a perfusor of 0.25 pg/kg/min remifentanil will be applied (factor VI).
The induction of anesthesia will be performed with 2-3 mg/kg propofol (Diprivan, Disoprivan;
factor IV) IV. The intubation will be facilitated with rocuronium according to clinical
needs. Normocapnic mechanical ventilation will be performed with nitrous oxide:oxygen or
air:oxygen after intubation (factor V). Maintenance of hypnosis will be obtained with
either propofol (Diprivan, Disoprivan) starting at 5 mg/kg/h or volatile anesthetics (factor
1V) starting at 1 minimal alveolar concentration (MAC). If a center is also randomized
for BIS-levels, hypnosis with propofol or the volatile anesthetic will be titrated to achieve
BIS = 55-65 or 3040 (factor VII); if not, the dosage will be left to the discretion of
the anesthesiologist. Analgesia will be maintained according to stratification with boluses
of 50-100 pg fentanyl IV if heart rate or blood pressure increases >20% of preoperative
value. If randomized for remifentanil, the infusion rate will continue with 0.25 pg/kg/min.
This can be adjusted according to clinical needs (heart rate or blood pressure) within 0.1 to
0.5 pg/kg/min. If a center was randomized for BIS and a patient has values below 65
(indicating sufficient depths of hypnosis) while developing signs of insufficient anesthesia (e.g.,
movement on surgical stimulation), this should be treated with opioids as it most likely
indicates insufficient analgesia. All patients should receive a loading dose of a nonopioid
analgesic, preferably 2.5 g metamizol IV, 1 g paracetamol (=acetaminophen) rectally,
or alternatively 2 g propacetamol IV depending on availability in that country. If the patient
receives remifentanil, up to 0.1 mg/kg piritramide, oxycodone, or morphine should be
administered IV about half an hour before the end of surgery according to the expected
requirement. According to the randomization 4 mg dexamethasone (factor II) or 1.25 mg
droperidol (factor III) will be given intravenously within 20 minutes at the start of the case
[24,25], while 4 mg ondansetron (factor I) will be given intravenously within 20 minutes
before the end of surgery [26].

Blinded forms holding information about the investigated variables will be kept with
each patient during the whole period. Additional postoperative analgesia will be provided with
boluses of 0.05 mg/kg piritramide, oxycodone, or morphine intravenously and a lockout
time set to 5 to 10 minutes as clinically required.

Postopemtive assessments

Patients will be monitored for any emetic episodes for the first 24 postoperative hours
and any emetic episode will be recorded with the time, severity, and its characteristics on
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standardized forms. Emetic episodes will be treated first with ondansetron, second with
dexamethasone, and third with droperidol as rescue medication. Treatment of further emetic
episodes should be decided by the investigator free of choice. Maximum pain and nausea
levels perception will be assessed at 120 minutes after anesthesia, along with the Myles
recovery score [27]. Information on the following 22 hours will be obtained either by personal
interview or written questionnaire including questions on pain, nausea, and emetic episodes
as well as a repetition of the Myles recovery score and an anesthesia satisfaction questionnaire.

Statistical methods

The number and proportion of patients suffering from PONV during the 24 hours after
anesthesia will be summarized and compared between any two treatment groups (e.g.,
ondansetron versus control) after controlling for the other treatment effects using the Mantel
Haenszel test [28]. The Mantel Haenszel risk ratio and 95% confidence interval between
these two treatment groups will be computed controlling for the other treatments, and a test
of homogeneity of the risk ratios across the other treatments performed (this corresponds
to a two-factor interaction test between this treatment and the other randomized treatments).
This analysis is the simple method used to answer the first objective, allowing us to test the
first-order interaction between these treatments. If no first-order interaction is present, due to
the expected balanced randomization between the various treatments, we would expect this
analysis to yield similar results to a chi-square test and corresponding 95% confidence interval
for the risk ratio between the specific investigated treatments. In that case, the simple chi-
square test and corresponding risk ratio would be summarized and presented to the reader
due to its simplicity.

To fully investigate the second primary objective, a multivariate analysis in the form of
a logistic regression analysis has to be defined [29]. A number of logistic regression models
have been defined in Table 1 to estimate the following parameters:

Table 1. Models to investigate main objective 2

Model (number) Notation of main effects and assumed interaction

Model 1: Log (odds PONV,) = o+ ;- T1;+B,-T2;+ B3 T3;+ P4 T4;+Ps- TS5, +B6- T6;
Model 2: Log (odds PONV,) = o+, - T1;+ B T2+ B3 T3;+ By Tdi+Bs- T5,+ e T6;+ A5 T1, T2+
A3 T T34 Apa T1;- T4+ Ays - T1 TS+ Mg T1,;- T6,4 Aoz - T2, T3+
M- T2 Tdi+ Aos - T2, TS5+ Mg T2 T6;4+ Mgy - T3 T+ A5 T3, T5,+
Mg T3 T6;4+ Aas- Tdyy - TS+ Agg - Td; - T6,+ ks TS, T6;
Model 3: Log (odds PONV,) = o+, - T1i+ B> T2i+...+ Be-T6;+ A2 T1;- T2+ Ay3- L T3, +...+
Ass TS T6+ o3 Tl T2 T3+ iag- T1; T2 Tdi+ ...+
Wase- T4 T5;-T6;
Model 4: Log (odds PONV;) = a4 B;- T1;+Bs- T2+ ...+ Bg-T6;+A-(T1;- T2+ T1, T3,+T2;- T3,)+
Ao (T1;- T2+ T1;- T34 T2;- T3;) - Tdi+ - (T1;- T2, T3) + o+ (T1;- T2, T3;) - T4

Where: T1; is the treatment defined as 1 if patient i received 4 mg ondansetron and 0 if patent received the
control; T2; is the treatment defined as 1 if patient i received 4 mg dexamethasone and O if patient received
the control; T3; is the treatment defined as 1 if patient i received 1.25 mg droperidol and 0 if patient received the
control; T4; is the treatment defined as 1 is patient i received propofol and 0 if patient received volatile anesthetic;
T5; is the treatment defined as 1 if patient i received air and O if patient received nitrous oxide; T6; is the
treatment defined as 1 if patient i received remifentanil and O if patient received fentanyl.
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In Model 1, the six main treatment effects adjusting for the other treatment effects are to
be estimated using logistic regression analysis. They are denoted by B; to B¢ in the table.
In Model 2, in addition to quantifying the six main effects, all possible two-factor interac-
tions will be considered as denoted by A,5,...Ass. Nonsignificant interactions will be dropped
in the resulting equation (backward selection).

In Model 3, three factor interactions will be introduced and denoted by [L13. .. l456. However,
variables that failed statistical significance in main effects and in the two-factor interactions
will not be considered. In addition, nonsignificant three-factor interactions will be dropped
in the resulting equation (backward selection).

Using Model 4, we investigate whether the effectiveness of two or three antiemetics as
a whole depend on the maintenance of anesthesia with propofol.

The second primary objective concerning patient satisfaction will be tested by comparing
the distribution of the rank of patient satisfaction with the anesthesia between patients who
suffered from a PONV episode with those who did not using the Wilcoxon sum of rank test.
In order to perform multiple logistic regression on patient satisfaction as a binary outcome,
the ranked satisfaction data will be dichotomized by performing a “median split.”

Sample size estimations

According to the patient selection, an average incidence of PONV of approximately 60%
is assumed in the reference group (with no antiemetic intervention, i.e., 1 of 64 combinations).
A decrease to 2/3 of the reference incidence is regarded as realistic. A type I error of 0.05
is defined as statistically significant. The type II error is defined to be 0.2, i.e., there will
be a 80% power for detecting such a difference if it exists. The following assumptions
were made.

Incidence of PONYV for patients undergoing inhalational anesthesia is expected to be 60%.
The expected reduction to 2/3 due to the application of propofol instead would lead to
40%. The addition of an antiemetic should lead to an expected PONV incidence of 26.7%.
The addition of a second antiemetic should further reduce PONV to 17.8%, whereas the
addition of the third antiemetic should result in 11.9% incidence. These calculations
were made on the assumption of no two- or three-factor interactions between the three
antiemetics and/or the type of anesthesia. Based on these assumptions, investigating whether a
three-drug antiemetic combination is superior to a specific two-drug combination after
propofol anesthesia, 598 patients per group are necessary to detect the difference of 5.9%
between the incidence of 17.8% of the double combination and 11.9% of the triple combina-
tion. We hypothesize that the three double combinations of any two antiemetic treatments (e.g.,
ondansetron+dexamethasone, ondansetron+droperidol, and dexamethasone +droperidol) are
equally effective. If the data are consistent with this assumption then the three double combina-
tions would be grouped and compared with the one triple combination. The necessary number
would be 409 patients per group, i.e., about 1227 for the double combination versus 409
patients for the triple combination. As 2° groups are existing, a total of 409-2% = 3272 patients
are necessary to investigate the effect of the three antiemetics in patients receiving propofol
for maintenance.
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Volatile anesthesia is assumed to be associated with a 3/2 higher frequency of PONV.
Corresponding to the calculation for propofol anesthesia, to detect a difference between two
antiemetic treatment combinations and three treatment combinations a difference between
26.67% and 17.78% needs to be detected, which results in an estimation of 249 patients per
group. Thus, 249-23 = 1992 patients are needed to investigate a three-treatment combination
after volatile anesthesia. This sums up to a total number of 5264 patients. As about two
times more propofol patients are needed to investigate the benefit of antiemetics in this
subgroup, the ratio between propofol and volatile anesthesia will be set to 2:1.

The fundamental assumption of the sample size estimation presented above contains a
potential difficulty. If one out of three double combinations is as effective as a triple combi-
nation, the triple combination may still be superior to the pooled double combination, but
the sample size of the double combinations may be insufficient for the one double combination to
differ significantly from the other two double combinations. Thus, the power may be
insufficient to investigate the hypothesis whether the double combinations are similar,
while this assumption may be important for the further analysis.

For this reason, a second sample size estimation was performed to detect potential
three-factor (two-way) interactions with the following assumptions: Incidence of PONV for
patients undergoing inhalational anesthesia is expected to be 60%. The expected reduction
to 2/3 due to the use of propofol instead of inhalational anesthetics would lead to 40%
incidence. The addition of an antiemetic should lead to an expected PONV incidence of
26.7%. The addition of a second antiemetic should further reduce PONV to 17.8%. These
calculations were made on the assumption of no three-factor interactions between the three an-
tiemetic interventions, e.g., propofol and two antiemetic drugs. Assuming n patients are
randomized for each treatment combination, a 2 X 2 X 2 contingency table can be constructed
showing the expected number of patients to suffer from PONV (Table 2).

Now, a positive two-way interaction is assumed so that when propofol anesthesia is
administered while patients are randomized to receive two antiemetic treatments, the percent-
age of patients suffering from PONV would be reduced to 7.8% instead of the postulated
17.8% shown in Table 2, which assumes no interaction. Let A be the expected two-way
interaction term under this assumption but measured on the odds ratio scale. Also let & be
the log odds ratio of PONV for a patient receiving propofol against patients receiving
inhalation anesthesia given no antiemetic treatments. Similarly let &5 0y be as &_ but for

Table 2. Expected frequency of PONV and no PONV according to the two possible antimetic interventions
and propofol anesthesia

Propofol anesthesia Volatile anesthesia

Ist antiemetic Control 1st antiemetic Control

2nd Control 2nd Control 2nd Control 2nd Control
PONV 0.178n 0.267n 0.267n 0.4n 0.27n 0.4n 0.4n 0.6n
No PONV 0.822n 0.733n 0.733n 0.6n 0.73n 0.6n 0.6n 0.4n

Total n n n n n n n n
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patients receiving the first or second antiemetics, respectively. Also let d,5 be as & but
for patients receiving the (first+second) antiemetics, respectively. Under these assumptions,
the two-way interaction term A can be written as follows: Log(A) = [(dag—04)—(05—0.)].

Given the assumption of a positive two-way interaction as mentioned above, then
A = 34.3%. Now, the required sample size n per group needs to be estimated, so that the
null hypothesis A = 0 against a two-sided alternative at the 5% significance level and with
an 80% power can be tested. The standard error of log(A) is easily written from basic
knowledge of the variance of the log odds ratio statistics from any 2 X 2 table [30]. The
required sample size per group for an 80% power is thus equal to 316 patients (i.e., a total
sample size of 316-2* = 5056). As a consequence of the factorial design, the total number
of patients must be obtained by a multiple of 2-192 patients (the number of patients every
center is going to enroll), so that 14 randomization lists (and centers) are needed, which
results in 5376 patients. It should be noted that if we assume a negative two-way interaction
term, then the sample size needed to detect this interaction would be larger than the one
postulated above.

Ethics committee, informed consent, and patient insurance

Ethics committee approval was initially obtained by the University of Wuerzburg and, if
necessary, by the local ethics committees of the participating centers. Informed oral and
written consent will be obtained from all patients prior to their randomization. Patients may
be contacted later in the course of the study for further investigations (second satisfaction
assessment after some months, or cross-checking of evaluated data). Patient insurance,
necessary in some participating countries due to national drug administration rules, is arranged
by the principal investigator.

Conduct of the study
In general

The data will be primarily recorded at each center on specially designed forms and entered
into local databases by the investigators. The data recorded on paper will remain at the
centers while the databases will be mailed to the principal investigator in monthly intervals.

Fifteen European centers are participating and received a randomization list of 384 patients
each. To accelerate patient acquisition up to 15 additional centers may be accepted by the
principal investigator with a randomization list of 192 patients each. Randomization will
be stopped when 5264 patients are enrolled.

Within the center

Eligible patients who give oral and written informed consent will be assigned to the next
consecutive number (“‘code’) on the center’s randomization list, which will be noted on the
anesthesia form and on the “preoperative assessment form.”
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In the operating room or in the room for induction, the envelope for that code number
will be opened to inform the anesthesiologist of the anesthesia and prophylactic antiemetic
interventions to use. Accordingly, the anesthesiologist performing the anesthesia will not be
blinded toward the drugs and is asked to fill out the “intraoperative assessment form.”
However, information regarding the investigated variables will not be reported during the
transfer from the operating room to the recovery room so that nurses and investigators
of the postoperative period will remain blinded. Until the end of the study period, anesthesia
and study forms containing information regarding the investigated variables will be kept
in a sealed envelope near the patient to be directly accessible if unblinding becomes necessary.

The postoperative assessment will be performed at 2 and 24 hours postoperatively. Any
emetic event, pain event, or adverse event should be documented with their characteristics
and severity as well as the recovery questionnaire from Myles et al. [27] and the patient
satisfaction questionnaire. Rescue treatment is recommended in case of emetic episodes,
nausea levels =4, or on the patient’s request. Within the whole 24-hour study period, the
first episode of PONV should be treated with 4 mg ondansetron IV. If no satisfactory
improvement occurs within 10 minutes the patient should receive 4 mg dexamethasone. If that
fails also, 0.625 mg droperidol may be given. Further therapy is the choice of the investigator.

Adverse and serious adverse events

Adverse events will be recorded with the other outcome variables on the postoperative
form, irrespective of whether they occurred intra- or postoperatively. All applicable details
(time and kind of adverse event, severity, treatment, outcome, etc.) should be recorded. In
case of a serious adverse event the information must be forwarded to the local ethics committee
and to the principal investigator in Wuerzburg within 24 hours on working days or
by 16:00 local time the next working day.

Monitoring

The study complies with the Good Clinical Practice/International Conference on Harmoni-
sation guidelines. All data will be primarily recorded on specially designed forms and
entered into local databases by the investigators at each center. The local databases
have integrated plausibility checks (n = 123). Some fields are compulsory fields that must
be entered and fulfill certain limits in order to enable saving the record (e.g., date of birth).
Others will just give a warning if entries are unlikely but still possible (e.g., weight limits). The
data recorded on paper will remain at the centers while the databases will be mailed to
the data management center in monthly intervals. The data will be screened for completeness
and plausibility, and discrepancy reports will be mailed to the investigators within 4 weeks to
be corrected or explained. These include 151 automatically generated plausibility checks of
cross-linked data (e.g., body mass index, dosage per kg body weight). Quality assurance
will be achieved by visiting centers and cross-checking patient records with the study records
(audit). In cases where discrepancies cannot be solved by comparison of records, patients may
be contacted.
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Discussion

To our knowledge, the current protocol is the largest randomized controlled trial on PONV.
However, it is not size but factorial design that warrants attention in attempting to quantify
the relative benefit of combining different interventions.

Assessing interactions

The concern of potential interactions has led researchers to control for all potentially
influencing factors. The study of such homogeneous populations increases internal validity but
at the same time decreases the external validity for a heterogeneous population in “real life.”
In many cases it may therefore be more appropriate to investigate a mixed population from
a wide spectrum to increase external validity. In such studies, the random treatment allocation
should balance for all other potentially influencing factors. Usually the sample size of
such studies is tailored to detect the main effect and not to investigate potential interaction.
The difference in a factorial trial is that other potentially influencing factors are controlled
to be equally distributed and not left to random chance (see Appendix A). If no interaction
analyses are performed, the external validity is similar to a simple randomized controlled
trial that balances other factors by random chance. This results in a highly efficient and economic
approach to investigate multiple hypotheses “for the price of one,” since every patient
contributes information to each of the randomized factors simultaneously. In addition, only
factorial designs allow systematic interaction analyses and have high internal and external
validities at the same time.

This trial has a six-way factorial design to quantify the benefits of each factor. The main
effects could be quantified with a few hundred patients because groups can be lumped
together while comparability will be preserved (see Appendix A). However, this investigation
goes far beyond that by seeking to investigate interactions. As this leads to comparisons
between smaller groups of patients, a much larger total number of patients is required. Thus, a
total number of 5376 patients was estimated to have an adequate power to detect differences
between three and two antiemetic treatment combinations given a specific anesthetic policy.
In addition, this sample size is also sufficient to investigate three-factor (second-order)
interactions. Ideally, an investigation of six-factor (fifth-order) interactions would provide
an answer to every possible question; however, its required sample size would be far beyond any
practical possibilities. In addition, according to previous investigations there are only a few
situations where interactions may have a significant impact and in real life higher-degree
interactions are extremely unlikely in the absence of lower-degree interactions [17].

Interactions in PONV

Nitrous oxide has been used and is still used to supplement anesthesia because of its analgesic
properties (intraoperative opioid-sparing effect). During the last few years its continued use
has been repeatedly questioned for causing PONV. One systematic review claimed that
nitrous oxide increases the incidence of PONV only in patients at a very high risk for PONV
while it has no significant effect when the risk of PONV is low [31]. Another systematic
review published in the same year concluded that nitrous oxide increases the incidence of
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PONYV by about 1.4 [18]. Subgroup analyses found similar effects irrespective of type
of surgery or whether propofol or volatile anesthetics were used, although the discussion is
still ongoing [32]. However, effect “appeared” to be largest in female patients [18].

A very recent analysis of a single-center study with 1180 patients was unable to detect
first-order (two-factor) interactions between antiemetics given prophylactically and the type
of surgery or the type of anesthesia [17]. This was unexpected because pathophysiological
hypotheses supported the idea that certain antiemetics were more effective after certain types
of surgery or in patients with certain risk characteristics (e.g., females versus males). In
addition, despite the plethora of published trials, there are almost no data suggestive of first-
order interactions. Despite there being virtually no data available to support the existence
of first-order interactions [12], they would be of great clinical interest.

The above-mentioned difficulties in interpreting results of small single-center studies as
well as from meta-analyses demonstrate that a factorial approach is desperately needed
to detect potential interactions of antiemetic interventions. However, its potential clinical
implication should be discussed when the results from this promising project are available.

Timing and dose response of antiemetics

Splinter et al. demonstrated that low-dose ondansetron with dexamethasone more effec-
tively reduced PONV than high-dose ondansetron alone [19]. Such phenomena are well
known in other medical specialties and used to reduce unwarranted side effects. Thus, the
ideal dosage of each antiemetic given in a triple combination may be considerably lower
than if given alone. However, before an ideal dosage of a combination can be investigated, the
most promising combination has to be identified in advance. For this, each antiemetic drug
needs to be given in a sufficiently high dosage so that a further increase would not increase
the antiemetic effect (ceiling effect) and that an increased antiemetic effect by the addition
of another antiemetic is not just due to underdosage of the first antiemetic.

Current status of the trial

This manuscript was submitted to Controlled Clinical Trials after some centers had already
started to recruit patients and we are pleased to report that enrollment was just completed
while revising the print proofs of this manuscript. Thus, we expect our first results very shortly.

Conclusions

Combinations of interventions are frequently used in various fields of medicine. The only
way to systematically quantify the relative benefit of such combinations is a randomized
controlled trial of a complete factorial design. To our knowledge this is the first complete
six-way factorial design with adequate power to investigate up to three-factor interactions.
We are convinced that this highly efficient approach may serve as an example for other
specialties.
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Appendix A. Principle of the factorial design

Factorial designs are well known by statisticians. However, during the phase of center
recruitment we realized that very few anesthesiologists (and perhaps other clinicians as well)
are familiar with this approach. Thus, a short explanation will be given here.

Basically, in a factorial design several treatments (factors) are randomized to the same
patient [33,34]. This is an important approach when the benefit of a single treatment is
limited. For the sake of simplicity we will start with two interventions (antiemetics): ondanse-
tron versus placebo and dexamethasone versus placebo. When every patient is randomized
twice, i.e., to both possible interventions, this is a 2 X 2 factorial design and leads to four
possible groups: ondansetron+dexamethasone, ondansetron+placebo, placebo+dexametha-
sone, and placebo+placebo (Table 3). These four groups may be analyzed separately but
this is not the intention. When all groups have the same size, the ondansetron+dexamethasone
and ondansetron+placebo can be lumped together and compared with placebo+dexametha-
sone and placebo+placebo lumped together. This enables us to quantify the average effect
of ondansetron (main effect). At the same time ondansetron+dexamethasone and placebo+de-
xamethasone can be lumped together and compared with ondansetron+placebo and place-
bo+placebo lumped together. This enables us to quantify the average effect of
dexamethasone (main effect), which can now be compared with the main effect of ondansetron
at the same time. Thus, if the main goal is to quantify the main effects of interventions, a
factorial design offers to test multiple hypotheses “for the price of one” since it requires
considerably fewer patients than if investigated in separate studies. Furthermore, as the
interventions were given to the same patients in one trial, the comparison of the main
treatment effects is more valid than from two different trials (or meta-analyses).

The main effects may be confounded if one treatment effect influences the other treatment
effect (interaction). As the group in which an interaction may exist is only a fraction of the
combined groups that are used to quantify the main effects, a considerably higher number
of patients are required in order to have sufficient power (1—beta) to detect potentially
existing interactions. At first sight this seems to contradict the above-mentioned decreased

Table 3. Factorial design with two factors: ondansetron and dexamethasone

Ondansetron Control Sum
Dexamethasone n n 2n
Control n n 2n

Sum 2n 2n 4n
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need for patients. However, it should be stressed that the factorial design is the only
reliable approach to investigate interactions at all. Accordingly, it can be summarized that
factorial designs have a very favorable cost-benefit ratio as they provide considerably more
information (main effects plus the clinically important effect of the combination) by controlling
the randomization of more than one factor compared to the conventional randomized con-
trolled trial designs.
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