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T O support physicians in their decision making, clini-
cal guidelines increasingly include prediction models 

or risk scores in their recommendations.1,2 The growing 
popularity of prediction models can be explained by their 
perceived objectivity in modeling complex interactions 
to predict a patient’s risk, in contrast to physicians’ clini-
cal judgments, which are typically heuristic and harder to 
deconstruct. The effects of a prediction model on clinical 
processes and patient outcomes should be quantified in a so-
called “impact analysis,” where the model is implemented in 
daily practice and compared with care-as-usual.3–6

Current guidelines on the management of postoperative 
nausea and vomiting (PONV) recommend risk-tailored, pro-
phylactic treatment based on risk estimates from a prediction 
model, to prevent unnecessary costs and possible side effects, 
in contrast to administering multiple drugs to all patients.7 
Although several PONV prediction models are available,8–11 

their actual impact on clinical practice is still being ques-
tioned.12–14 Several studies demonstrated improved guideline 
adherence when a PONV prediction model was implemented 
although their effect on clinical practice was limited.15–17 
However, comparative randomized studies assessing the actual 
impact of risk-dependent prophylaxis on the incidence of 
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•	 Guidelines	on	the	management	of	postoperative	nausea	and	
vomiting	 recommend	 risk-tailored	 prophylactic	 treatment	
based	on	risk	estimates	from	a	prediction	model
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•	 In	a	single-center,	cluster-randomized	trial	(n = 12,032		patients	
and	 79	 anesthesiologists),	 implementation	 of	 a	 postoperative	
nausea	and	vomiting	prediction	model	without	specific	treatment	
recommendation	did	not	reduce	the	incidence	of	postoperative	
nausea	and	vomiting	(odds	ratio,	0.97;	95% CI, 0.87–1.10)
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ABSTRACT

Background: Clinical prediction models have been shown to have moderate sensitivity and specificity, yet their use will 
depend on implementation in clinical practice. The authors hypothesized that implementation of a prediction model for 
postoperative nausea and vomiting (PONV) would lower the PONV incidence by stimulating anesthesiologists to administer 
more “risk-tailored” prophylaxis to patients.
Methods: A single-center, cluster-randomized trial was performed in 12,032 elective surgical patients receiving anesthesia 
from 79 anesthesiologists. Anesthesiologists were randomized to either exposure or nonexposure to automated risk calcula-
tions for PONV (without patient-specific recommendations on prophylactic antiemetics). Anesthesiologists who treated less 
than 50 enrolled patients were excluded during the analysis to avoid too small clusters, yielding 11,613 patients and 57 anes-
thesiologists (intervention group: 5,471 and 31; care-as-usual group: 6,142 and 26). The 24-h incidence of PONV (primary 
outcome) and the number of prophylactic antiemetics administered per patient were studied for risk-dependent differences 
between allocation groups.
Results: There were no differences in PONV incidence between allocation groups (crude incidence intervention group 41%, 
care-as-usual group 43%; odds ratio, 0.97; 95% CI, 0.87–1.1; risk-dependent odds ratio, 0.92; 95% CI, 0.80–1.1). Neverthe-
less, intervention-group anesthesiologists administered more prophylactic antiemetics (rate ratio, 2.0; 95% CI, 1.6–2.4) and 
more risk-tailored than care-as-usual–group anesthesiologists (risk-dependent rate ratio, 1.6; 95% CI, 1.3–2.0).
Conclusions: Implementation of a PONV prediction model did not reduce the PONV incidence despite increased anti-
emetic prescription in high-risk patients by anesthesiologists. Before implementing prediction models into clinical practice, 
implementation studies that include patient outcomes as an endpoint are needed. (Anesthesiology 2014; 120:343-54)
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PONV are rare. Without such studies, one still cannot be con-
fident that PONV prediction models will outperform clinical 
judgment and improve patient outcomes.

The current study was a cluster-randomized trial, in which 
we compared a group of physicians who were randomly 
“exposed” to model-based risk estimates of PONV for their 
patients with a control group of physicians who provided 
care-as-usual. We hypothesized that systematic implemen-
tation of a validated PONV prediction model would result 
in improved patient outcome by lowering the incidence of 
PONV, as a result of an increase in risk-tailored antiemetic 
prophylactic treatment by physicians. Hence, we also used 
the current experience to address advantages and disadvan-
tages of such impact studies.

Materials and Methods
Design and Participants
Between March 16, 2006 and December 21, 2007, a single-
center, cluster-randomized trial was performed to study the 
effects of implementing a prediction model for PONV on the 
incidence of PONV and on the administration of antiemetic 
prophylaxis (Clinicaltrials.gov; Identifier NCT00293618). 
To prevent contamination and therefore dilution of the 
implementation effect, the study was cluster-randomized 
on the physician level rather than on the patient level.3,18,19 
Anesthesiologists of a Dutch university hospital (University 
Medical Center Utrecht, Utrecht, The Netherlands) were 
randomly assigned to exposure to predicted risks of PONV 
as calculated by the prediction model (intervention group) 
or not (care-as-usual group).

All anesthesiologists and senior residents, henceforth 
referred to as “anesthesiologists,” were enrolled in the study 
and randomized by one of the authors. Case mixes among 
anesthesiologists were expected to differ due to differences 
in their professional profile, such as differences in experience 
level or anesthesia subspecialties. Therefore, at the start of the 
study, permuted-block randomization was used (block size 
according to the strata; 1:1 allocation ratio, using PASS soft-
ware; NCSS, Kaysville, UT) to stratify on anesthetic experi-
ence (senior resident, junior attending, senior attending) and 
anesthesia subspecialty (no subspecialty, cardiac anesthesia, 
pediatric anesthesia). Anesthesiologists could enter or leave 
the study due to initiation or termination of their employ-
ment. Anesthesiologists who entered after the start of the study 
were randomized only in a stratified way when a sufficiently 
large block was available, otherwise simple randomization was 
applied. Allocation sequences were generated by the second 
author (K.G.M.M.), who was not involved in patient care, 
and automatically assigned to the name of the anesthesiologist 
to ensure concealment. The generated list of the assignment of 
anesthesiologists was then given to the first author (T.H.K.) 
who enrolled and informed the anesthesiologists.

All adult patients undergoing general anesthesia for elec-
tive, noncardiac surgery who had visited the outpatient pre-
operative evaluation clinic were eligible for this study. For 

elective surgery, 98% of patients typically visit the preanes-
thesia evaluation clinic before their procedure starts. Exclu-
sion criteria were pregnancy, postoperative admission to the 
intensive care unit, overnight ventilation at the postanesthesia 
care unit, and inability to communicate in Dutch or English. 
At the start of the study, patients undergoing intracranial sur-
gery were no longer transferred to the intensive care unit and 
did no longer require postoperative mechanical ventilation, in 
contrast to when the study protocol was written. Therefore, 
the exclusion criterion for intracranial surgery in the study 
protocol was changed to admission to the intensive care unit.

All eligible patients from the time of study initiation were 
automatically included using the anesthesia information 
management system. During the enrollment phase of the 
study, it became apparent that some anesthesiologists would 
treat no or only a few patients. Consequently, the number 
of patients for some anesthesiologists would be too small for 
an analysis with the anesthesiologists as clusters, for mixed-
effects regression models would not converge. Therefore, the 
study protocol was amended by excluding anesthesiologists 
from the analysis when they treated less than 50 enrolled 
patients during the entire study period to enable cluster-
based analysis of the trial as it was originally planned.

According to Dutch law, research protocols that do not 
subject patients to a particular treatment or that require 
them to behave in a particular way do not apply to the 
Medical Research Involving Human Subjects Act. As the 
decision support tool in our study protocol only provided 
evidence-based information to physicians, the institutional 
ethical review board waived the need for individual informed 
consent and approved the study protocol (Medical Ethics 
Review Board, University Medical Center Utrecht, 05-288).

The Prediction Model
The implemented prediction model was originally developed 
in a population of a different university hospital in The Neth-
erlands and had already been externally validated.20 The model 
was subsequently updated and optimized for implementation 
in the University Medical Center Utrecht, where the current 
study took place.21 The model consisted of seven predictor 
variables: age; sex; current smoking; type of surgery; inhala-
tional anesthesia; ambulatory surgery; and history of motion 
sickness or PONV (for full model description see table 1).

Interventions
Intervention Group. To study the effect of systematically 
presenting the patient’s PONV risk to the responsible anes-
thesiologist, we implemented the prediction model as an 
“assistive” decision support tool. The decision support tool 
was integrated into our custom-made anesthesia information 
management system (Vierkleurenpen® software; CarePoint 
Nederland BV, Ede, The Netherlands), written by one of the 
authors (L.v.W.). In our hospital, the individual names of each 
anesthesia team member are registered in the anesthesia infor-
mation management system at the start of the anesthesia case. 
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When the anesthesiologist was part of the intervention group, 
the decision support tool presented the patient’s calculated 
PONV risk on the computer screen of the anesthesia infor-
mation management system during the rest of the anesthesia 
case. Anesthesiologists then decided whether which and how 
many prophylactic antiemetics would be administered in view 
of the patient’s individual risk. The presented risk was thus not 
accompanied with a specific therapeutic recommendation.

Anesthesiologists of the intervention group were provided 
with several consecutive educational sessions before patient 
enrollment, at the start, and throughout the study period. 
These sessions aimed to inform the intervention group about 
the study background, how the prediction model estimated 
a patient’s individual risk of PONV, and how the local pro-
tocol on antiemetic prophylaxis could be used according to 
that predicted risk. The local protocol was based on the six-
factorial trial of Apfel22 and consisted of the dosage, timing, 
and efficacy of prophylactic antiemetic drugs and the use 
of total intravenous anesthesia (see Materials and Methods, 
Outcome and Follow-up, fifth paragraph). Although the effi-
cacy of different antiemetics strategies was discussed during 
the educational sessions, there was no specific recommenda-
tion made on how many antiemetic interventions should be 
applied at a particular predicted PONV risk.

Anesthesiologists of the intervention group were informed 
of the allocation status of their colleagues to promote dis-
cussion among anesthesiologists of the intervention group 
on how to use the model and its predictions. They were 

instructed to avoid discussing PONV with anesthesiologists 
randomized to the control group. To enable anesthesiologists 
of the intervention group to reflect on their individual pro-
phylactic management of PONV, they received individual-
ized feedback via email after the first 12 months of study, 
which had been planned before the start of the study. This 
included the incidence of PONV among the patients they 
had treated, the overall (hospital wide) incidence of PONV, 
and the quantity of antiemetics administered.
Control Group. Anesthesiologists of the care-as-usual group 
were not exposed to the patient’s calculated PONV risk. At 
the start of the study, they only were informed about the 
goal of the study and their randomization status. Although 
anesthesiologists of the care-as-usual group were not actively 
informed of the allocation status of their colleague physicians, 
additional masking was considered impossible. As antiemetic 
management was not standardized in any of the two alloca-
tion groups, anesthesiologists of the care-as-usual group were 
simply asked to manage PONV as usual. At that time, the 
existing, local protocol for administration of PONV prophy-
laxis only included a preferable order for antiemetic drugs, 
their dosage, and timing of administration (see Materials and 
Methods, Outcome and Follow-up, fifth paragraph).

Outcome and Follow-up
As recommended in various guidelines of prediction-model 
impact studies,3,18 implementation of the prediction model 
was studied in two steps: the effects of the prediction model 
on patient outcome (the incidence of PONV) as the primary 
outcome and the change in physician behavior (administra-
tion of risk-dependent PONV prophylaxis) caused by the 
prediction model as the secondary outcome. The other sec-
ondary outcomes as stated in the clinical trial registration—
that is cost-effectiveness and attitudes of physicians toward 
prediction models—were considered to be beyond the scope 
of this article and will be discussed in subsequent articles.

The primary outcome PONV was defined as the occur-
rence of at least one of the following events within the first 
24 h after surgery: an episode of nausea, an episode of vomit-
ing, or the administration of any rescue antiemetic. For nau-
sea, the patient was asked to rate their feeling of nausea on a 
3-point verbal rating scale (no/yes, a bit/yes, definitely), and 
for the analysis, the variable was dichotomized to any nausea 
(no/yes). Vomiting was defined as the expulsion of gastric 
contents and was recorded as a binary outcome (no/yes). 
Research nurses collected data on the occurrence of postop-
erative nausea using a validated questionnaire.11,23

Data were collected at the postanesthesia care unit 
(30 and 60 min after arrival and when leaving the unit) 
and after 24 h postsurgery on the ward, or by telephoni-
cally when patients had already been discharged. The out-
come variable for PONV was coded as missing when any 
of the follow-up measurements had not been completed. 
Although research nurses were unlikely to be aware of a 
patient’s allocation status due to high patient volumes, 

Table 1. Regression Coefficients of the Prediction Model for 
PONV

Predictor

Updated Model

Odds Ratio 
(95% CI)

Age (yr) 0.98 (0.98–0.99)
Female sex 1.44 (1.14–1.82)
Current smoking 0.61 (0.48–0.77)
History of PONV/motion sickness 1.82 (1.44–2.31)
Surgery with a high PONV risk* 1.62 (1.14–2.30)
Inhalational anesthesia† 1.42 (1.12–1.79)
Outpatient surgery 0.31 (0.24–0.41)
Intercept‡ 1.13 (0.73–1.74)
Model performance characteristics§
Model discrimination as c-statistic 

(95% CI)
0.68 (0.66–0.70)

Calibration slope (95% CI) 1.00 (0.89–1.10)
Calibration intercept 0.34

Probability of PONV as estimated by the model = 1/(1 + exp (−(0.12 − 0.017 
× age + 0.36 × female sex − 0.50 × current smoking + 0.60 × history of 
PONV or motion sickness + 0.48 × surgery with a high PONV risk + 0.35 × 
inhalational anesthesia − 1.16 × outpatient surgery))).
* Definition of this predictor was “abdominal or middle ear surgery.” † As 
compared with intravenous anesthesia using propofol. ‡ For the intercept, 
the second column represents the baseline odds, not the odds ratio. § 
Model performance was validated in a subset of patients (between March 
2006 and February 2007) treated by anesthesiologists of the care-as-usual 
group.  (Kappen et al. Med Decis Making 2012; 32:E1–10.21)
exp = exponential; PONV = postoperative nausea and vomiting.
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active masking of allocation was considered impossible and 
therefore not performed.

The change in physician behavior caused by the predic-
tion model was defined as the difference in the rate of admin-
istration of PONV prophylaxis between study groups. The 
rate of administration of PONV prophylaxis was defined as 
the number of interventions that an anesthesiologist applied 
to a patient with the aim to prevent PONV, that is, the num-
ber of prophylactic antiemetics per patient. Administration 
of ondansetron, droperidol, dexamethasone, or a combina-
tion as well as selecting total intravenous anesthesia instead 
of inhalational anesthesia was considered as prophylactic 
antiemetics, and their administration was recorded in the 
anesthesia information system.23

Dosage of prophylactic antiemetic drugs was according to 
the existing local protocol: (1) ondansetron 4 mg IV, 30 min 
before emergence of anesthesia; (2) droperidol 1.25 mg IV, 
30 min before emergence of anesthesia; and (3) dexametha-
sone 4 mg IV, after induction of anesthesia. At the postanes-
thesia care unit and the ward, the PONV protocol consisted 
of rescue treatment with an antiemetic drug: either one of 
the above antiemetics drugs if not previously administered or 
metoclopramide 20 mg IV. There was no active surveillance 
of adverse events during this study.

Statistical Analysis
Because we aimed to assess the impact of implementing a 
PONV prediction model on the actual patient outcome 
(PONV), sample size was based on an estimated PONV 
incidence of 30% in the control group8,24 and a relative 
risk reduction of 25% per antiemetic.22,25 As intervention-
group anesthesiologists were expected to provide more than 
one antiemetic to high-risk patients, the overall relative risk 
reduction for the intervention group was estimated at 33%, 
that is, an absolute risk reduction of 10%. Detection of this 
10% reduction in a randomized trial without cluster ran-
domization would require 295 patients per group, using a 
two-sided α of 0.05 and power of 0.80. The sample size was 
adjusted for cluster randomization using an inflation fac-
tor based on an average cluster size of 175 patients, and an 
intraclass correlation coefficient of 0.1, resulting in 5,430 
patients for each group.26,27 The sample size was considered 
sufficient for physician behavior, as less power was required 
to detect a difference in prescription of prophylactic anti-
emetics between allocation groups. Hence, approximately 
11,000 patients were expected to be required.

Analysis was performed under the intention-to-treat 
principle. All statistical analyses were performed with the use 
of R software (version 2.14.0*). Statistical significance was 
defined as a two-sided α of 0.05. Continuous variables were 
visually assessed for a normal distribution using histograms, 
Quantile-Quantile (QQ)-plots. Parametric variables were 
expressed as means with SDs, nonparametric variables were 

expressed as medians with interquartile ranges, and discrete 
variables were expressed as numbers with percentages.

As this was a cluster-randomized trial, mixed-effects 
regression analyses were used to take clustering into account: 
logistic regression for the incidence of PONV and Poisson 
regression for the number of prophylactic antiemetics (the 
function for generalized linear mixed-effects models [glmer] 
from the lme4 library in R software). Results of regression 
analyses were presented as odds ratios with 95% CIs or rate 
ratios with 95% CI.

Fixed effects included allocation group, predicted risk of 
PONV, interaction between allocation group and predicted 
risk, and study time. The interaction term was included to 
quantify to what extent the difference in treatment effect 
(between intervention and care-as-usual) differed across pre-
dicted risks; for example, an odds ratio less than 1 would sig-
nify that a reduction in PONV due to the directive approach 
was greater in patients with higher risks. Study time was 
included in the model to adjust for a possible learning effect 
for anesthesiologists exposed to the prediction model.

In addition to the fixed effects, random effects were 
included for the intercept, allocation group, predicted risk, 
interaction between allocation group and predicted risk, and 
study time. A random intercept was included for anesthesiolo-
gists to account for small differences in PONV risks between 
their individual patient populations. Random slopes were 
included to account for different PONV prophylaxis strate-
gies among anesthesiologists. A random slope was included 
for study time as the possible learning effect was not expected 
to be similar for each individual anesthesiologist. The intra-
class correlation coefficient was calculated for the PONV inci-
dence (using the “glmer” code in R) to quantify the amount of 
clustering at the anesthesiologists’ level, which represents the 
resemblance of patients treated by the same anesthesiologist.28

Although randomization was stratified for anesthesia sub-
specialty, some anesthesiologists may still have worked more 
with particular surgical specialties, treating patients with partic-
ular baseline risks of PONV. Due to a relatively small number 
of anesthesiologists (expected n = 60) treating a large number 
of patients, differences in case mix between anesthesiologists 
were expected to be magnified in observed baseline charac-
teristics of patients. As the prediction model already included 
the most important patient characteristics, the mixed-effects 
analyses were automatically adjusted for differences in patient 
characteristics by inclusion of the predicted risk as a variable. 
Therefore, additional analyses for both primary and secondary 
outcomes were performed to adjust for case-mix differences by 
including procedure-specific variables as fixed effects: surgi-
cal specialty and type of patient (ambulatory surgery yes/no). 
As the differences in baseline characteristics of patients were 
expected, these additional adjustments were amended to the 
study protocol before the start of the analysis.

Before multivariable modeling, all continuous variables 
were tested for nonlinearity using restricted cubic splines, 
including predicted PONV risk.29 Missing data were multiple * Available at: http://www.r-project.org. Accessed May 10, 2013.
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imputed (n = 10) using a regression approach in R (the func-
tion for multiple imputation [aregImpute] from the library 
Hmisc in R software). Imputation of missing study variables 
was based on predictors, outcome variables, and other peri-
operative data.30–33 As PONV was coded missing when any 
of the follow-up measurements was incomplete, nonmiss-
ing follow-up measurements of PONV were added to the 
imputation process to serve as auxiliary variables to impute 
missing values for PONV. Subsequently, the imputed values 
for PONV were included into the mixed-effects regression 
model, instead of deleted. The anesthesiologists were added 
as an extra variable in the imputation model to take into 
account the multilevel structure of the data.

Three post hoc sensitivity analyses were performed to test 
the robustness of the results on three different areas of pos-
sible uncertainty. The three areas of possible uncertainty were 
the effects of multiple imputation of missing values; the defi-
nition of the outcome variable PONV and its consequence 
for the results; and the exclusion of anesthesiologists who 
treated less than 50 enrolled patients during the study period.

The sensitivity analysis on missing values was performed 
using a similar mixed-effects model as the main analysis, 
but on complete cases only. For PONV, patients with any 
missing follow-up time points were discarded during the 
complete case analysis. For the analysis on prophylactic anti-
emetic interventions, all data were available and no patients 
were discarded.

For the sensitivity analysis on the primary outcome defini-
tion, we restricted the definition of PONV to serious nausea 
or vomiting at any of the follow-up time points. In contrast 
to the main analysis, minor nausea (the middle category of 
the 3-point nausea scale) and the use of rescue antiemetics 
were not considered PONV for this sensitivity analysis.

As the exclusion of anesthesiologists with a low patient 
count during the study resulted in reduction in a sample size, 
and as the discarded group of patients may be selective, a sen-
sitivity analysis examined the impact of this exclusion. The rea-
son to exclude anesthesiologists with a low patient count was to 
enable performing a cluster-based analysis, that is, the mixed-
effects models. Therefore, this sensitivity analysis consisted 
of conventional logistic and Poisson regression analyses in all 
randomized patients, that is, without the random effects and 
the anesthesiologists with a low patient count not excluded. 
Furthermore, anesthesiologists who treated no patients during 
the study period were still excluded from the analysis.

Results
A total of 79 anesthesiologists were randomized, who together 
treated 12,032 enrolled patients (fig. 1). Of the 79 anesthe-
siologists, 6 were excluded as they treated no patients during 
the study period and 16 were excluded as they treated less 
than 50 patients per individual during the study period (in 
total 397 patients). An additional 22 patients were excluded 
because of a technical error in the anesthesia information 

management system. This resulted in 11,613 patients treated 
by 57 anesthesiologists (31 in intervention group and 26 in 
care-as-usual group) to be analyzed. Anesthesiologists of the 
intervention group treated fewer patients per anesthesiolo-
gist (median 162 patients per anesthesiologist, interquartile 
range 120–207) than anesthesiologists of the care-as-usual 
group (median 236 patients per anesthesiologist, interquar-
tile range 128–300; table 2).

Of the 11,613 patients, 5,471 (47%) were treated by 
intervention-group anesthesiologists and 6,142 (53%) by 
“care-as-usual” anesthesiologists (table 3). The patients’ 
mean ages and sex distribution were comparable. The inter-
vention group included more outpatients (38 vs. 27%) and 
fewer procedures with a high PONV risk (11 vs. 15%); all 
other predictors were comparable between the two groups. 
The predicted PONV risk was slightly lower in the inter-
vention group: 37% (SD, 15%) versus 39% (SD, 15%). No 
adverse events were reported by the study participants.

In total, 80% of all follow-up measurements were com-
pleted (intervention group 80% and care-as-usual group 
79%), with 88% of all patients having at least one follow-up 
measurement completed (intervention group 89% and care-
as-usual group 88%). As the primary outcome for a single 
patient was considered missing when any of the follow-up 
measurements were missing, 70% of patients had all fol-
low-up measurements completed (n = 8,104), whereas the 
remaining 30% had their outcome variables imputed. The 
crude effect of prediction model implementation on patient 
outcome is shown in table 4. The crude incidence of PONV 
within the first 24 h after surgery was 41% for patients in 
the intervention group and 43% in the care-as-usual group. 
Intraclass correlation was low (0.020).

Differences in the occurrence of PONV were small and 
not statistically significant between intervention and care-
as-usual groups (odds ratio for allocation group, 0.97; 95% 
CI, 0.87–1.1; odds ratio for the interaction term of alloca-
tion group and predicted risk, 0.92; 95% CI, 0.80–1.1). The 
absence of statistical significance is reflected in figure 2A as 
95% CIs of both groups almost fully overlap. Prespecified 
adjustment for baseline characteristics did not change these 
results and inferences. Moreover, the sensitivity analyses on 
missing data, the outcome definition, and exclusion of anes-
thesiologists and patients showed small and nonsignificant 
effects on the PONV incidence, similar to the main analy-
ses. Numerical descriptions of both adjusted and unadjusted 
models, as well as the three sensitivity analyses, can be found 
in table 5.

The crude effect of the group assignment on physician 
behavior is shown as the percentage of patients who received 
a particular number of administered prophylactic antiemet-
ics (table 4). The number and type of prophylactic antiemet-
ics were documented for all patients.

In the main analysis, anesthesiologists of the intervention 
group administered more antiemetic prophylaxis than anesthe-
siologists of the care-as-usual group (rate ratio for allocation 
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group, 2.0; 95% CI, 1.6–2.4). Moreover, when administer-
ing antiemetic prophylaxis, intervention-group anesthesiolo-
gists discriminated more between patients with a high or low 
predicted risk than anesthesiologists of the care-as-usual group 
(rate ratio for the interaction term of allocation group and pre-
dicted risk, 1.6; 95% CI, 1.3–2.0; fig. 2B). Compared with 
anesthesiologists of the care-as-usual group, intervention-group 
anesthesiologists administered a higher number of prophylac-
tic antiemetics to patients with a high predicted risk, whereas 
low-risk patients received a lower number of antiemetics. Both 

overall and risk-dependent differences in physician behavior 
were statistically significant (fig. 2B; 95% CI areas of both 
groups cross each other and only slightly overlap). Neither 
adjustment for baseline differences nor the three sensitivity 
analyses changed the results and their inferences (table 6).

Discussion
Following recent guidelines on studying the impact of clini-
cal prediction models, we performed a cluster-randomized 

Fig. 1. Flow diagram of the progress of anesthesiologists and patients through the phases of the study. Anesthesiologists rep-
resent either attending anesthesiologists or senior anesthesiology residents. ICU = intensive care unit.
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trial on the implementation of a validated prediction model 
for PONV. We quantified the effects of implementing such 
a prediction model on both physician behavior and patient 
outcome. Patients did not have a substantially lower inci-
dence of PONV when their anesthesiologists were pro-
vided with an intraoperative predicted PONV risk despite 
an increased administration of risk-tailored prophylaxis by 
these anesthesiologists. In other words, anesthesiologists of 
the intervention group administered more prophylactic anti-
emetics to patients at higher risk and fewer antiemetics to 
patients at low risk in comparison with their colleagues of 
the care-as-usual group. However, the tailored prescription 
of antiemetics in the intervention group did not result in a 
substantially lower incidence of PONV.

The discrepancy in results between patient outcome and 
physician behavior was unexpected. At the start of the study, 
we assumed that all conditions to proceed with an impact 

study of our PONV prediction model had been met: the 
implemented prediction model had been externally vali-
dated, several clinical guidelines advocated the use of pre-
diction models for PONV, and the efficacy of prophylactic 
antiemetics had been well established by several randomized 
clinical trials and meta-analyses.22,25,34–36 Because this study 
showed that application of the PONV prediction model did 
not translate into a clear benefit for patients, it is conceivable 
that one or more of these presumptions were wrong.

First, the predictive performance of the prediction model 
may actually have been insufficient to improve clinical 
decision making. In previous validation studies, predictive 
performance of all existing PONV models was typically 
moderate (c-statistic approximately 0.70).9,11 Our prediction 
model had comparable discrimination (c-statistic of 0.68), 
and it slightly underestimated the actual PONV risk.21 With 
a moderate predictive performance, decisions based on the 

Table 2. Baseline Characteristics of Anesthesiologists

Care-as-Usual Group (n = 26) Intervention Group (n = 31)

Number of patients treated, median (IQR) 170 (128–300) 162 (120–207)
Age*, yr, mean (SD) 43 (9) 43 (10)
Female sex, n (%) 11 (42) 15 (48)
Entered during study, n (%)  5 (19) 8 (26)
Left department during study, n (%) 4 (15) 7 (23)
Specialty: cardiac anesthesia*, n (%) 2 (8) 2 (6)
  Pediatric anesthesia*, n (%) 3 (12) 4 (13)
  Pain medicine*, n (%) 1 (4) 4 (13)
Senior resident*, n (%) 12 (46) 11 (35)
Entered as senior resident during study, n (%) 4 (15) 4 (13)
Senior resident became attending anesthesiologist during  

study, n (%)
5 (19) 4 (13)

* Characteristic was documented at the moment of inclusion in the study.
IQR = interquartile range.

Table 3. Baseline Characteristics of Patients

N* Care-as-Usual Group (n = 6,142) Intervention Group (n = 5,471)

Age, yr, mean (SD) 11,613 51 (17) 50 (17)
Female sex, n (%) 11,613 3,307 (54) 2,988 (55)
Outpatients, n (%) 11,613 1,646 (27) 2,086 (38)
ASA class, n (%) 11,325
  1 2,211 (37) 1,985 (37)
  2 3,111 (52) 2,765 (52)
  3 648 (11) 581 (11)
  4 15 (0) 9 (0)
Current smoking, n (%) 11,134 1,765 (30) 1,598 (30)
Surgery with a high PONV risk, n (%) 10,545 807 (15) 541 (11)
History of PONV/motion sickness, n (%) 8,837 1,511 (33) 1,397 (33)
Use of inhalational anesthesia†, n (%) 11,613 3,212 (52) 3,321 (61)
Predicted risk of PONV, %, mean (SD) 11,613 39 (15) 37 (15)
Apfel risk score‡, %, mean (SD) 11,613 42 (19) 42 (19)
Operation duration, min, median (IQR) 11,613 101 (63–167) 95 (59–151)

* N represents the total number of nonmissing observations for that characteristic. † As compared with intravenous anesthesia using propofol. ‡ For calcu-
lation of the Apfel risk score, the observed use of postoperative opioids was used instead of the expected.
ASA = American Society of Anesthesiologists; IQR = interquartile range; PONV = postoperative nausea and vomiting.
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model may not have been superior to care-as-usual, that is, 
clinical judgment.

Second, despite a statistically significant impact on physi-
cian behavior, the absolute impact was relatively small. In 
this study, four different prophylactic antiemetics were avail-
able. However, anesthesiologists of the intervention group 
mostly administered up to two antiemetics to high-risk 
patients, whereas more than two antiemetics may be indi-
cated.22 From the results of our study, we cannot infer why 
anesthesiologists of the intervention group were reluctant 
to administer more than two antiemetics. Nonetheless, one 
might expect a decrease in PONV occurrence when anes-
thesiologists of the intervention group administered more 
prophylactic antiemetics to their high-risk patients.

Third, proven efficacy in randomized clinical trials is no 
guarantee for effectiveness in daily practice.37–40 In previous 
efficacy trials, prophylactic antiemetics reduced the risk of 
PONV by approximately 30%, with a wide variation between 
different studies.25 However, study populations of these efficacy 
trials were often restricted to specific high-risk groups, such as 
women undergoing laparoscopic procedures. As the current 
study included a large sample of surgical patients with minimal 
inclusion restrictions, the actual effectiveness of “proven” pro-
phylactic antiemetics may indeed be lower than reported earlier.

The primary goal of the current study was to quantify 
the effects of implementing a clinical prediction model on 
patient outcome (PONV) and to interpret these effects in 
view of the change in physician behavior caused by the pre-
diction model, that is, administration of antiemetics.

The absence of a direct link between increased admin-
istration of antiemetics and reduced PONV should not be 
interpreted as evidence that PONV prediction models—
or prediction models in general—are ineffective in clinical 

practice. This study is only one example, and its limitations 
should be considered when applying the results to different 
settings.

First, although we assessed a large number of outcomes, 
this implementation study included a single center.3 Second, 
despite a large study population, differences in baseline char-
acteristics occurred, probably due to cluster randomization. 
By randomizing a relatively small sample of anesthesiolo-
gists, differences in anesthesiologists’ baseline characteris-
tics may have been magnified at the patient level although 
adjustment for baseline differences in patient case mix 
among anesthesiologists did not change the results.

Third, anesthesiologists were not naive to  prophylactic 
PONV management. As table 4 and figure 2A clearly indi-
cate, anesthesiologists of the care-as-usual group also pro-
vided prophylaxis to their patients in a risk-dependent 
manner, reducing the possible impact of a prediction model 
on the incidence of PONV. It is conceivable that anesthesi-
ologists were already able to (heuristically) identify high-risk 
patients before the start of the study, as a consequence of 
training, clinical experience, medical literature, and the pre-
existent local PONV protocol. In addition, there might have 
been increased knowledge and experience with the use of 
risk scores for PONV prophylaxis, as the implemented pre-
diction model was updated and optimized in the same hos-
pital and the anesthesiologists may already have been using 
other risk scores before the start of the study. Therefore, a 
Hawthorne effect cannot be ruled out as a possible expla-
nation for the results of this study. An alternative explana-
tion may be that some contamination may have occurred, as 
anesthesiologists of the intervention group may occasionally 
have discussed PONV and its prophylactic treatment with 
anesthesiologists of the care-as-usual group. However, true 

Table 4. Primary and Secondary Outcomes by Deciles of Predicted Risk of PONV

Predicted  
Risk Deciles, %

Incidence of PONV No. of Prophylactic Antiemetics*

Care-as-Usual 
Group‡  

(n = 6,142)

Intervention  
Group‡  

(n = 5,471)

Care-as-Usual  
Group║  

(n = 6,142)

Intervention 
Group║  

(n = 5,471)

N† N†§ 0 1 2 3 4 0 1 2 3 4

6–18 790 67 (18) 82 (20) 1,162 75 24 1 0 0 82 16 2 0 0
18–25 750 102 (28) 102 (27) 1,163 62 33 5 0 0 69 27 4 0 0
25–30 795 101 (26) 113 (28) 1,163 53 41 6 0 0 56 38 5 1 0
30–33 795 123 (29) 117 (31) 1,159 48 45 6 0 0 52 40 8 1 0
33–37 823 165 (38) 133 (34) 1,161 45 47 7 1 0 51 37 10 2 0
37–42 831 199 (45) 166 (43) 1,160 42 52 6 0 0 42 42 13 2 0
42–47 815 195 (44) 163 (44) 1,159 42 48 9 0 0 39 40 18 3 0
47–52 809 251 (55) 202 (58) 1,163 35 51 13 1 0 32 42 22 4 0
52–59 835 294 (64) 216 (58) 1,162 31 50 16 3 0 21 44 29 5 1
59–81 861 337 (69) 253 (68) 1,161 23 54 21 2 0 12 36 42 9 1
Overall 8,104 1,834 (43) 1,547 (41) 11,613 45 45 9 1 0 47 36 15 3 0

* The sum of the prophylactic use of ondansetron, droperidol, dexamethasone, and/or total intravenous anesthesia. † N represents the total number of non-
missing observations per decile of predicted risk. ‡ Data represent absolute numbers of PONV (%). § For the no. of prophylactic antiemetics, all observations 
were available. ║ Data represent percentages within risk decile.
PONV = postoperative nausea and vomiting.
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contamination is unlikely, as the predicted risk is not easily 
calculated without a proper decision support tool.

Fourth, we used an “assistive” implementation strategy 
as opposed to a “directive” approach: anesthesiologists were 
free to decide how to interpret the predicted risk and how 

to assess the need for antiemetics. Additional interventions 
to increase the impact on physician behavior may include a 
more intensive education and feedback programme.15,41 A 
directive approach, which includes actionable recommenda-
tions, may have a larger impact on physician behavior.42

BA

Fig. 2. Graphical representation of the mixed-effects regression analysis on the incidence of postoperative nausea and vomit-
ing (PONV) (A) and on administration of prophylactic antiemetics by anesthesiologists (B). The solid lines and their 95% CIs 
represent the fixed effects of the mixed-effects regression analyses. The dotted vertical line shows the intersection point of both 
groups. The mixed-effects models included fixed effects for the variables such as allocation group, predicted risk of PONV, 
interaction between allocation group and predicted risk, and time. Random effects were included for the intercept, predicted 
risk, interaction between allocation group and predicted risk, and time. The lines were calculated using the average for the vari-
able time. The 95% CIs were calculated from the covariance matrix for the variables allocation group and its interaction term 
with predicted risk. (A) May be interpreted as the occurrence of PONV after receiving prophylaxis, in patients with a particular 
predicted risk within each group. The differences between the blue and red areas represent the effect of implementation of the 
prediction model on the occurrence of PONV in patients with a particular predicted risk. (B) May be interpreted as the number 
of prophylactic antiemetics a patient with a particular predicted risk of PONV would receive from any anesthesiologist within 
each group. The differences between the blue and red areas therefore represent the changes in physician behavior concerning 
prescription of antiemetic prophylaxis, caused by implementation of the prediction model.

Table 5. Mixed Effects Regression Analysis on the Incidence of PONV

Main Analysis*†

Sensitivity Analysis

Complete Case†‡ Serious PONV*§
All Physicians and 

Patients*†║

Unadjusted analysis
Intervention group 0.97 (0.87–1.10) 0.93 (0.81–1.06) 0.99 (0.87–1.13) 0.98 (0.89–1.07)
Predicted risk# 2.29 (2.07–2.54) 2.83 (2.53–3.17) 2.27 (2.02–2.55) 2.24 (2.06–2.44)
Interaction: study group and predicted risk# 0.92 (0.80–1.05) 0.88 (0.74–1.04) 0.89 (0.75–1.04) 0.92 (0.82–1.03)
Analysis adjusted for baseline differences**
Intervention group 0.97 (0.86–1.09) 0.93 (0.81–1.06) 0.98 (0.86–1.13) 0.94 (0.86–1.04)
Predicted risk# 2.37 (2.10–2.66) 2.92 (2.57–3.31) 2.41 (2.12–2.74) 2.36 (2.15–2.59)
Interaction: study group and predicted risk# 0.91 (0.80–1.05) 0.87 (0.74–1.03) 0.90 (0.76–1.06) 0.91 (0.81–1.02)

Numbers represent odds ratios with 95% CIs for the fixed effects. All analyses included time as a covariate. Bold numbers signify main results.
* After multiple imputations using 10 imputation datasets. † Patients with any nausea, vomiting, or having received rescue antiemetics were considered 
cases. ‡ Cases with missing variables were discarded, resulting in an analysis with n = 8,104 patients. § Only patients who reported definite nausea or 
vomiting were considered cases. ║ Unclustered logistic regression analysis in all physicians (n = 73) and patients (n = 12,010), without exclusion because of 
too small clusters. # Odds ratios represent predicted risks of 100% (a probability of 1). ** Baseline differences were adjusted by including surgical specialty 
and ambulatory surgery as covariates.
PONV = postoperative nausea and vomiting.
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Fifth, the observed PONV incidence within 24 h after 
surgery in the care-as-usual group of our study is 43%, 
which is high for a study population which was not selected 
based on a preoperative risk of PONV, such as Apfel’s 
trial.22 The sensitivity analysis in which we defined PONV 
as only serious nausea or vomiting did not change the results 
(table 5). The average predicted risks of PONV from both 
the implemented prediction model and Apfel’s8 simplified 
risk score are very close to the observed PONV incidence in 
our study (table 3). Consequently, our study should be con-
sidered a high-risk population for PONV, and results may 
not necessarily translate to population with a lower average 
PONV risk.

Sixth, the results for the PONV incidence bordered on 
statistical significance. The exclusion of almost a quarter of 
initially randomized anesthesiologists and approximately 400 
patients after randomization may have prevented the results 
to become significant. Therefore, an unclustered sensitivity 
analysis in all randomized patients was performed. The sen-
sitivity analysis produced similar results as the main analy-
sis (table 5). Even after adding the 400 patients who were 
excluded, the effect of the implemented prediction model 
on PONV remained very small in the sensitivity analysis, 
and it would require a much larger set of patients to become 
statistically significant. The small effect size is reflected in its 
clinical relevance, as a crude 2% reduction in PONV is not 
a substantial effect from a patient perspective.

In conclusion, implementation of a previously “validated” 
prediction model for PONV did not result in a clinically 
relevant decrease in PONV incidence despite an increase in 
“risk-tailored” application of prophylactic antiemetic strate-
gies by anesthesiologists. Even when the use of a prediction 
model is consolidated in several guidelines, the discrepancy 
in the results of this study underscores the need to perform 
a formal impact analysis which includes patient outcome, 
before attempting to implement a prediction model into 
clinical practice.
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