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Abstract

Background: The mechanism of action of acetaminophen remains
unclear. One hypothesis involves an interaction with the serotoninergic
system. Antagonists to serotonin (5-HT)3 receptors (setrons) have
antiemetic properties. Therefore, co-administration of acetaminophen and
a setron could lead to a decrease or a loss of acetaminophen analgesic
effects. The aim of this study was to demonstrate such an interaction.
Methods: Paratron is a prospective, randomized, controlled, double-blind,
parallel group trial. All children aged 2–7 years (n = 69) scheduled for a
tonsillectomy ± adenoidectomy received intraoperative acetaminophen
with ondansetron or droperidol. Pain scores [Children’s Hospital of Eastern
Ontario Pain Scale (CHEOPS)], morphine consumption and the incidence
of post-operative nausea and vomiting (PONV) were measured for 24 h
following surgery.
Results: Pain scores were not different at all times between the groups
but median morphine consumption (μg) in recovery was 322.5
[interquartile range (IQR) 0.0–500.0] and 0 (IQR 0-0) in the ondansetron
(n = 35) and droperidol (n = 34) groups, respectively (p = 0.004). The
percentages of patients who received morphine titration were 57.1% and
20.6% in the ondansetron and droperidol groups, respectively (p = 0.008).
No significant difference was found for PONV.
Conclusions: An interaction between acetaminophen and ondansetron is
suggested, with children receiving three times more morphine during pain
titration in the recovery room. More studies are necessary to evaluate
whether this finding is clinically relevant enough to preclude the
simultaneous perioperative administration of both drugs in the future.

1. Introduction

Tonsillectomy is one of the most common surgical
procedures; e.g., in the United States, more than
530,000 operations are performed annually in chil-
dren younger than 15 years (Baugh et al., 2011). The
main causes of morbidity after tonsillectomy are oro-

pharyngeal pain and post-operative nausea and vom-
iting (PONV) (Hanasono et al., 2004), the later
occurring in more than 70% of children who do not
receive prophylactic antiemetics (Litman et al., 1994;
Ved et al., 1996). Consequently, several national
guidelines have recommended the systematic use of
acetaminophen and dexamethasone for the treatment
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of pain and the prevention of PONV. The use of a
setron [a selective serotonin (5-HT)3 receptor antago-
nist] together with steroids has also been advocated
for the prevention of nausea and vomiting (Société
Française d’Anesthésie-Réanimation, 2005).

The mechanism of action of acetaminophen has not
been fully elucidated, but several systems have been
shown to be involved, including the serotoninergic,
cyclo-oxygenase, opioid, vanilloid and endocannab-
inoid systems (Mallet and Eschalier, 2010). The
antinociceptive activity of acetaminophen involves a
reinforcement of the activity of the serotoninergic
descending pathways through spinal release of sero-
tonin that stimulates the 5-HT3/4, 5-HT1A and/or 5-HT7

receptors to inhibit the transmission of noxious stimuli
(Mallet et al., 2008; Dogrul et al., 2012). Therefore,
co-administration of acetaminophen with a setron
could theoretically lead to a decrease or a loss of the
analgesic properties of acetaminophen through a
pharmacodynamic interaction at serotonin receptors
(Tjolsen et al., 1991; Pelissier et al., 1996). Indeed,
interactions between setrons and acetaminophen have
been reported in different animal studies (Tjolsen
et al., 1991; Alloui et al., 1996; Pelissier et al., 1996;
Bonnefont et al., 2005; Girard et al., 2009) and in

human volunteers (Pickering et al., 2006; Bandschapp
et al., 2011), although this interaction has not been
demonstrated in clinic settings (Jokela et al., 2010;
Pickering et al., 2012).

Therefore, the primary aim of this study was to
determine whether the concomitant perioperative
administration of acetaminophen and ondansetron
leads to a pharmacodynamic interaction that decreases
the analgesic effect of acetaminophen.

2. Methods

2.1 Study design and conduct

This clinical trial was reviewed and approved by the institu-
tional ethics committee (Protective Person Committee of
Sud-Ouest Outre-mer IV, France) and registered with Clinical-
Trials.gov (ref: PARATRON – NCT01432977; http://
clinicaltrials.nlm.nih.gov/ct2/show/results/NCT01432977).
All parents provided written informed consent. The Paratron
trial was designed as a prospective, randomized, controlled
and double-blind clinical trial using two parallel groups.

Perioperative care of the patients (anaesthesia, operation
and post-operative care) was standardized. For the two
groups of children, inhalational induction was performed
using sevoflurane at a concentration of 2.5–3% in O2/N2O.
Fluid administration during anaesthesia and in the recovery
room consisted of the administration of a solution containing
5% glucose, 0.2% NaCl, 0.15% KCl and 0.1% calcium glu-
conate in 250 mL of water and it followed the 40/20/10 mL/
10 kg rule.

After surgery began, all patients received betamethasone
and acetaminophen together with ondansetron (ondanse-
tron group) or droperidol (droperidol group) (Fig. 1). At the
end of surgery, patients received an intravenous bolus of
morphine (75 μg/kg). Post-operative analgesic and anti-
emetic strategies are also presented in Fig. 1. The CHEOPS
(Children’s Hospital of Eastern Ontario Pain Scale) is a
behavioural scale for evaluating post-operative pain in
young children (McGrath et al., 1985). It has been validated
for children aged between 1 and 7 years [scores of 4
(normal) to 13 (maximum pain)] and it was used in this
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• This human report shows that the administration
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with less analgesic effect than the administration
of acetaminophen with another antiemetic.
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study. Pain scores were recorded by research nurses 30 min
after admission and when leaving the recovery room, and
then on the ward at 4 h after acetaminophen administration
and every 4 h for up to 24 h. Opioid consumption (morphine
in the recovery room and codeine on the ward) and the
incidence of nausea and vomiting were recorded during the
same time frame as pain scores. Adverse events were also
recorded.

The randomization list was created by a statistician who
used blocks of size 2 and 4 (1:1 ratio). Randomization was
centralized and performed by the hospital pharmacist and
occurred via the opening of a sealed envelope. All nurses,
anaesthetists, surgeons, patients, parents and data collectors
were blinded as to whether the patient received ondansetron
or droperidol together with acetaminophen.

2.2 Study population and intervention

Patients aged between 2 and 7 years scheduled for tonsillec-
tomy ± adenoidectomy were recruited at Limoges University
Hospital Center (France).

Exclusion criteria included a hospital stay of less than
24 h, patients already on pain medication, and allergic

patients with a contraindication to one of the study drugs
(Fig. 2).

2.3 Outcome measures

The primary outcome measure for the trial was the post-
operative pain score 4 h after the intraoperative
co-administration of acetaminophen and ondansetron or
droperidol, which was assessed using CHEOPS.

Secondary outcomes included post-operative analgesic
consumption of intravenous morphine in the recovery room
and oral codeine on the ward 24 h following surgery, as well
as the cumulative incidence of nausea and vomiting at 24 h
following surgery.

2.4 Power analysis

A preliminary study was performed at our institution in 19
children (11 boys and 8 girls) aged 2–7 years undergoing
tonsillectomy ± adenoidectomy. It showed that mean pain
scores on the CHEOPS were 6.5 ± 2 at 4 h after surgery, and
the mean remained between 5 and 6 during the first 24 h,
with occasional peak scores (CHEOPS > 7).

Figure 2 Flow of patients through the trial.
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On the basis of the data from the preliminary study with a
common standard deviation for CHEOPS of 2 and based on a
power of 80% and an α of 5%, 33 patients per group were
required to obtain a difference of 1.5 points on the CHEOPS
(expected mean pain scores of 6.5 and 5 for the ondansetron
and droperidol groups, respectively) (NQuery Advisor v7.0;
Noether, 1987). To allow for the possibility of dropouts (5%),
a total of 35 patients per group were recruited for this study.

2.5 Statistical analysis

Statistical analyses were performed by the Unité Fonctionnelle
de Recherche Clinique et de Biostatistique of Limoges University
Hospital using SAS® Software V 9.1.3 (SAS Institute, Cary,
NC, USA). The level of significance was 5% for all analyses.
Analyses were performed on an intent-to-treat basis. Addi-
tionally, analyses were performed and presented in agree-
ment with revised CONSORT Statement guidelines (Moher
et al., 2010).

Quantitative variables are expressed as median and inter-
quartile range (IQR). Qualitative variables are described
using frequency and percentage.

Comparisons of quantitative variables between the groups
were performed using the Wilcoxon signed rank test. Nor-
mality was assessed using the Shapiro–Wilk test. Because the
groups differed at baseline in terms of gender, the main
analysis and secondary analyses were adjusted for gender.
Therefore, we used an analysis of covariance (ANCOVA)
based on ranks for quantitative variables (Kruskal–Wallis test
was excluded because of inability to adjust on gender distri-
bution) and a multivariate logistic regression for qualitative
variables. Those methods allowed us to systematically adjust
our analysis on gender. Statistical interactions between
gender and treatment group were checked in those analyses
but none was identified. Based on the assumption used for
the a priori calculation of the sample size, we still had a
power of more than 80% when using a non-parametric test
instead of a parametric one. Indeed, the CHEOPS score did
not follow the normal distribution. Comparison of the
CHEOPS score, taking into account all assessments per-
formed during follow-up (n = 8), was performed using
analysis of variance (ANOVA) for repeated measures based
on ranks. The crude variable that did not follow the normal
distribution was ranked.

3. Results

The study was carried out in the Hôpital Mère-Enfant of
the Limoges University Hospital Center (France)
between October 2011 and June 2012. The study pro-
tocol (Fig. 1) was followed by a total of 69 patients
who were included in the study: 35 were in the
ondansetron group and 34 were in the droperidol
group. One patient initially assessed for eligibility was
excluded before randomization due to morbid obesity.

Data from the 69 patients were available for final
analysis, and a flow chart diagram was presented
(Fig. 2).

Baseline demographic and clinical characteristics of
each group are presented (Table 1). The groups were
comparable, except, despite randomization, for a
higher proportion of girls in the droperidol group
(59%) versus the ondansetron group (28.5%). We
could have controlled this beforehand by performing
stratification on gender; nevertheless, this factor was
not considered sufficiently important to justify such a
procedure as gender distribution was equivalent in the
preliminary study. Therefore, as the proportion of girls
and boys was unexpectedly different, the results dis-
played for the main and secondary outcomes were
adjusted on gender.

CHEOPS scores were not statistically different
between the groups 4 h after co-administration of
acetaminophen with ondansetron or droperidol
[median scores: 5, IQR (4–6) and 5, IQR (4–6), respec-
tively, p = 0.22]. This result was stable at all times
when it was recorded during the first 24 h and when
considering all times in a single ANOVA for repeated
data, p = 0.87 (Table 2).

Median morphine consumption (in μg) in recovery
was 322.5 IQR [0.0–500.0] and 0 IQR [0-0] in the
ondansetron and droperidol groups, respectively,
p = 0.01 (Fig. 3). The percentages of patients who
received morphine titration were significantly differ-
ent: 57.1% and 20.6% in the ondansetron and dro-
peridol groups, respectively, p = 0.008. Finally, the
ranges of morphine titration doses differed between
the groups (Fig. 4).

Four children in each group were administered
codeine on the ward during the first 24 h (p = 0.68).
The median doses of codeine were 0 mg [0-0] for both
the ondansetron and droperidol groups, respectively,

Table 1 Demographic and baseline clinical data at induction (mean ± SD)

and the quantity of drug administered during surgery in mg [median (IQR)]

between the two groups.

Ondansetron

group (n = 35)

Droperidol

group (n = 34)

Age (years) 4.43 ± 1.36 4.18 ± 1.4

Sex (boys/girls) 25/10 14/20

Weight (kg) 18.94 ± 6.09 17.96 ± 5.91

Duration of surgery (min) 22.77 ± 7.49 23.91 ± 11.67

Time spent in recovery (min) 62.26 ± 29.85 56.94 ± 35.24

Acetaminophen (mg) 270 [226–315] 254.25 [225–300]

Niflumic acid (mg) 720 [604–840] 678 [600–800]

Betamethasone (mg) 1.80 [1.51–2.1] 1.7 [1.5–2]

Levobupivacaine (mg) 5 [5–8] 5 [5–6.5]

IQR, interquartile range.
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and the ranges were [0–19] and [0–13], respectively,
p = 0.73. Likewise, the median amounts of acetamino-
phen administered perioperatively between the two
groups were 270 [226–315] and 254.2 [225–300] mg
for the ondansetron and droperidol groups, respec-
tively, p = 0.35. Finally, niflumic acid during the first
24 h was administered at a dose (median and IQR) of
800 [400–800] mg in both the ondansetron and dro-
peridol groups, p = 0.054.

The overall cumulative incidence of PONV in the
first 24 h affected 11 patients: 5 (14.3%) in the ondan-
setron group and 6 (17.6%) in the droperidol group,
p = 0.57.

The administration on the ward of a second dose of
antiemetics (ondansetron in the ondansetron group
and droperidol in the droperidol group) occurred in
zero and three cases for the ondansetron and droperi-
dol groups, respectively (p = 0.11).

The administration on the ward of a third dose of
antiemetics (droperidol in the ondansetron group and
ondansetron in the droperidol group) occurred in one
patient per group (p = 1).

Adverse events were mild, and none modified the
application of the protocol. Finally, three patients had
to be readmitted to the hospital: one was in the
ondansetron group (febrile diarrhoea) and two were
in the droperidol group (otalgia and headache).

4. Discussion

The main objective of this study was to determine
whether the use of acetaminophen and ondansetron is
less effective than the use of acetaminophen and dro-
peridol in the treatment of post-operative pain after
tonsillectomy in children, therefore supporting the
presence of an analgesic interaction between acet-
aminophen and a setron.

The CHEOPS pain scores between the groups were
not different at all times following surgery. Likely
explanations for the presence of similar pain scores
between the two groups at 4 h (primary outcome)
include the following: (1) children were titrated with
intravenous morphine to decrease pain in recovery
before being sent to the ward; and (2) if an interaction
between acetaminophen and ondansetron was
present, it may not have been present at 4 h due to the
short half-lives of these compounds, which are 2–3 h
for acetaminophen and 3–4 h for ondansetron.
Indeed, earlier pain scores such as the ones recorded
30 min after arriving in the recovery room [medians
of 9 (6–11) and 6 (6–10) in the ondansetron and
droperidol groups, respectively], although not statisti-
cally different, were dissimilar.

With respect to secondary outcome measures, the
results show that an analgesic interaction between
ondansetron and acetaminophen is likely to be
present. Thus, morphine consumption in the recovery
room was approximately three times greater among
patients who received acetaminophen and ondanse-
tron compared with the other group, although post-
operative pain scores were similar. Furthermore, the
doses of morphine used in recovery among the two
groups were very different (Fig. 4). Finally, the per-
centage of children who received morphine titration
in recovery was almost three times higher (57%) in
the acetaminophen and ondansetron groups than in
the acetaminophen and droperidol groups (21%), and
this was highly significant.

Table 2 Comparison of CHEOPS scores in the recovery room (30 min

after admission and on leaving) and 4 h on the ward following acetamino-

phen + ondansetron or droperidol administration. Data are expressed as

median and interquartile range.

CHEOPS score

Ondansetron

group

Droperidol

group p-value

Recovery room at 30 min 9 [6–11] 6 [6–10] 0.11a

Exit from recovery room 6 [5–6] 6 [5–6] 0.67a

Ward at 4 h 5 [4–6] 5 [4–6] 0.22b

Ward at 8 h 5 [4–6] 5 [4–6] 0.78a

Ward at 12 h 6 [4–6] 6 [6–6] 0.07a

Ward at 16 h 6 [5–6] 6 [5–6] 0.18a

Ward at 20 h 5 [4–6] 6 [4–6] 0.90a

Ward at 24 h 4 [4–6] 4 [4–5] 0.37a

CHEOPS, Children’s Hospital of Eastern Ontario Pain Scale.
aWilcoxon signed rank test.
bMain analysis: ANCOVA test.
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Figure 3 Boxplot of morphine titration (in μg) in the recovery

room expressed as median and interquartile range (box) (p = 0.01).
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Two other clinical studies have been performed to
date in which an interaction between acetaminophen
and a setron has not been reported. The first clinical
trial that examined patients after laparoscopic hyster-
ectomy showed that ondansetron did not block the
analgesic effect of acetaminophen (Jokela et al.,
2010). However, the design of this trial could be
responsible for the failure to detect an interaction
between acetaminophen and ondansetron. Acet-
aminophen was administered at the induction of
anaesthesia, and ondansetron was administered at the
end of surgery while surgeries lasted a mean of almost
2 h. Therefore, considering the short half-lives of these
two compounds, the interaction between acetamino-
phen and ondansetron may have been missed because
the drugs were not administered at the same time.
Moreover, a continuous remifentanil infusion was
used until the end of surgery, and this could have
confounded the analgesic effects of other drugs as its
use is associated with opioid-induced hyperalgesia
(Simonnet and Rivat, 2003) that could have modified
post-operative pain assessment or treatment. Finally,
the authors reported that during a previous trial for
the same indication (Jokela et al., 2008), oxycodone

consumption was higher after perioperative adminis-
tration of placebo or acetaminophen with ondanse-
tron compared with acetaminophen alone, which
reveals a possible positive interaction between acet-
aminophen and ondansetron.

In a second clinical trial, the authors failed to show
any significant interaction between acetaminophen
and tropisetron after ear surgery, although pain was
30% higher in the tropisetron group compared with
the control group (Pickering et al., 2012). They sug-
gested that the interaction between acetaminophen
and tropisetron could not be demonstrated because
pain scores were low in the ear surgery model studied.
A larger than expected inter-individual variability was
also mentioned to explain the negative findings
(Pickering et al., 2012).

Previous studies have shown in animals and then in
healthy volunteers the decreased antinociceptive
effect of acetaminophen by tropisetron and granis-
etron (Pelissier et al., 1996; Pickering et al., 2006).
Therefore, it would have been wise to study acet-
aminophen and setron interactions by using tropise-
tron or granisetron. However, we have chosen
to study ondansetron, rather than tropisetron or

Figure 4 Range of doses of morphine used (in

μg) and the distribution between the two

groups during titration in the recovery room.

Ondansetron group: acetaminophen/

ondansetron. Droperidol group:

acetaminophen/droperidol.
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granisetron/acetaminophen interaction, because tro-
pisetron and granisetron are not approved for use in
the paediatric population in France.

An interaction between droperidol and acetamino-
phen could have been possible although no data have
been found in the literature concerning this issue.
Droperidol could have also increased morphine seda-
tion. Furthermore, ondansetron (Vergne-Salle et al.,
2011) and droperidol (Richards et al., 2011) have
intrinsic analgesic properties that may have interfered
with the results of this trial. Finally, the similar inci-
dence of PONV between the two groups demonstrates
that droperidol is a valid antiemetic in the manage-
ment of PONV after tonsillectomy in children,
although its use is no longer recommended by most
medical societies due to its ability to cause a prolonged
QT interval. This is, however, also a concern with
ondansetron (Charbit et al., 2005, 2008; McKechnie
and Froese, 2010).

4.1 Limitations

In pain studies, guidelines from international experts
recommend the use of pain scores rather than mor-
phine consumption as a primary endpoint (Dworkin
et al., 2011; Gilron and Jensen, 2011). Nevertheless,
a recent publication contradicts this recommendation
in the paediatric population, as the authors recom-
mend that analgesic consumption is the best primary
endpoint to use in paediatric pain research (Berde
et al., 2012). In the present study and following
Berde et al.’s recommendations (that were not pub-
lished at the time of study design), because the
patients were titrated with morphine to decrease
their pain in the recovery room, pain scores at 4 h
may not have been an appropriate primary outcome.
Morphine consumption would have certainly been a
better choice. Indeed, in children, a significant opioid
sparing effect may be taken as a clinically relevant
result.

Although the results presented in this trial are in
favour of an analgesic interaction between acetamino-
phen and ondansetron, the fact that this occurred in a
paediatric population is to be kept in mind as the
interaction was not observed in the two previous clini-
cal studies performed in adults (Jokela et al., 2010;
Pickering et al., 2012). We did not measure plasma
concentrations of acetaminophen and ondansetron to
exclude a pharmacokinetic interaction. Other authors
have already demonstrated that the administration of
tropisetron and granisetron did not affect plasma con-
centrations of acetaminophen (Pickering et al., 2006).
Furthermore, it is unlikely that ondansetron has any

impact on the plasma concentrations of acetamino-
phen, as their metabolic pathways are largely differ-
ent. In order to best demonstrate an ondansetron/
acetaminophen interaction, a placebo/acetaminophen
group could have been used. However, the use of an
antiemetic placebo in a paediatric population of high
risk of nausea and vomiting was not considered
ethical. Finally, although many analgesic drugs (niflu-
mic acid, infiltration with levobupivacaine) were
administered in this trial during surgery, these could
have interfered with pain scores and morphine con-
sumption, but it was decided to allow their use to
study the interaction between acetaminophen and
ondansetron in ‘real life’ conditions.

In conclusion, although the combined administra-
tion of ondansetron with acetaminophen in paediatric
tonsillectomy did not significantly modify the pain
scores 4 h after administration compared with dro-
peridol with acetaminophen, morphine consumption
was three times higher in the former group, suggesting
a drug interaction. Considering that more than 230
million major surgical procedures are performed
annually worldwide (Devereaux et al., 2012) and that
many hundreds of million more are minor operations
such as tonsillectomy, such an interaction may prove
to be extremely frequent and may interfere with post-
operative pain management although a reduction of
opioid-mediated side effects was not observed in this
study. Further studies are needed to evaluate whether
this interaction is present in other types of surgery;
and if this interaction is confirmed, the management
of post-operative pain will be modified on a large
scale.
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