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 CURRENT
OPINION Postoperative nausea and vomiting in pediatric

anesthesia

Claudia Höhne

Purpose of review

Postoperative nausea and vomiting (PONV) has a high incidence in children and requires prophylactic and
therapeutic strategies.

Recent findings

PONV can be reduced by the avoidance of nitrous oxide, volatile anesthetics, and the reduction of
postoperative opioids. The use of dexamethasone, 5-HT3 antagonists, or droperidol alone is potent, but
combinations are even more effective to reduce PONV. Droperidol has a Food and Drug Administration
warning. Hence, dexamethasone and 5-HT3 antagonists should be preferred as prophylactic drugs. It is
further reasonable to adapt PONV prophylaxis to different risk levels. Prolonged surgery time, inpatients,
types of surgery (e.g. strabismus and ear–nose–throat surgery), and patients with PONV in history should
be treated as high risk, whereas short procedures and outpatients are to be treated as low risk.

Summary

Concluding from the existing guidelines and data on the handling of PONV in children at least 3 years, the
following recommendations are given: outpatients undergoing small procedures should receive a single
prophylaxis, outpatients at high risk a double prophylaxis, inpatients with surgery time of more than 30 min
and use of postoperative opioids should get double prophylaxis, and inpatients receiving a high-risk
surgical procedure or with other risk factors a triple prophylaxis (two drugs and total intravenous
anesthesia). Dimenhydrinate can be used as a second choice, whereas droperidol and metoclopramide
can only be recommended as rescue therapy.
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INTRODUCTION

Although anesthetists are aware of postoperative
nausea and vomiting (PONV/POV) as a common
complication in pediatric anesthesia, its incidence
in daily routine is still too high. During the last
decade, different guidelines tried to standardize
clinical practice, but failed to provide clear algo-
rithms. Therefore, this review discusses the effec-
tiveness, safety, adverse events, and economics of
the currently available prophylaxis options and
aims to give easy-to-use recommendations for every-
day clinical practice.

INCIDENCE AND ASSESSMENT

The average incidence of PONV in childhood
of between 33.2 and 82% can be twice as high
compared with adults [1–5]. This high incidence
warrants the use of antiemetic prophylaxis instead
of therapy [2,6

&

,7].

Eberhart et al. [8] identified four risk factors for
PONV or POV in pediatric anesthesia: previous
PONV or a positive family history, duration of anes-
thesia (>30 min), age (�3 years), and strabismus
surgery. The risk of POV was predicted as 9, 10,
30, 55, and 70%, respectively, depending on the
presence of 0, 1, 2, 3, and 4 risk factors. Furthermore,
excluding strabismus, the incidence of POV is
11.6% in the presence of only one risk factor,
28.2% POV with two risk factors, and up to 42.3%
in the presence of three risk factors [9].
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In addition, postdischarge nausea and vomiting
(PDNV) describes nausea and vomiting even after
discharge up to 7 days. In adults, the risk for PDNV is
10–80% depending on the number of risk factors
such as female sex, age 50 years or less, or nausea in
the postanesthesia care unit [10]. The incidence of
PDNV in children highly depends on the type of
surgery. After tonsillectomy, 20% of children experi-
ence PDNV on day 3 and still 8% on day 7 [11]. Davis
et al. [12] were able to reduce this high risk from 32
to 14.5% treating the children with ondansetron-
disintegrating tablets (two times daily for 3 days).

SPECIFIC EMETIC SURGICAL
PROCEDURES IN CHILDREN
PONV has a multifactorial cause [13]. One import-
ant risk factor is the surgical procedure. Strabismus
and ear–nose–throat surgery like tonsillectomy or
adenoidectomy are associated with PONV inciden-
ces as high as 54 and 82%, respectively [1,14]. Even
after prophylaxis, this incidence is still as high as 36
and 33%. Interestingly, new data show that appen-
dectomy (42% nausea and 19.9% PONV) and com-
bined small pediatric surgery (herniotomy and
orchidopexy) are also associated with a very high
risk for PONV (42.9% nausea and 28.6% PONV) [15].
Further, as outpatients have a lower PONV
(10–29%) risk than inpatients (10–50%), the length
of the procedure seems to be another influencing
factor. As a result of this already lower PONV risk in
very short procedures (surgery time of only about
19 min), it seems to be difficult to further reduce the
incidence pharmacologically [16].

GENERAL ANTIEMETIC STRATEGIES
DURING ANESTHESIA
Anesthetists are able to reduce the so-called baseline
risk factors and can decrease the incidence of PONV
with simple strategies [6

&

]:

(1) avoidance of volatile anesthetics and preferen-
tial use of total intravenous anesthesia (TIVA)
with propofol;

(2) preferential use of regional anesthesia or com-
bined general and regional anesthesia to reduce
postoperative opioids;

(3) multimodal postoperative pain therapy to
reduce postoperative opioids;

(4) avoidance of nitrous oxide; and
(5) adequate hydration.

One part of a multimodal postoperative pain
therapy to reduce opioid requirements is the use
of nonsteroidal anti-inflammatory drugs (NSAIDs).
However, there is still an ongoing debate about the
potentially increased postoperative bleeding risk,
especiallyaftertonsillectomy.Inarecent publication,
Cardwell et al. [17

&

] reviewed 12 trials evaluating the
effect of NSAIDs on POV in 928 children. Apart from
the expected decrease in emesis, Cardwell found no
increase in bleeding events after the use of NSAIDs
following tonsillectomy and adenoidectomy.

Another simple strategy to reduce emesis is
super-hydration. Goodarzi et al. [14] and Elgueta
et al. [1] showed that high-dose intravenous fluids
(30 ml/kg/h) were associated with less emesis than
the standard therapy (10 ml/kg/h) during strabismus
repair (54 vs. 22% PONV) and tonsillectomy (82 vs.
62% PONV without any other prophylaxis).

The hypothesis that evacuation of gastric con-
tents under anesthesia may reduce PONV could not
be confirmed by two randomized controlled trials
(RCTs) [18,19]. This maneuver, therefore, cannot
be generally recommended as a nondrug PONV
reduction strategy.

Further, Radke et al. [20] showed that prolonged
postoperative fasting did not reduce the incidence
of vomiting after general anesthesia in children
when compared with a liberal regimen.

DRUGS FOR ANTIEMETIC STRATEGIES
Many drugs may reduce PONV. Dexamethasone,
5-HT3 antagonists, dimenhydrinate, droperidol,
and metoclopramide will be discussed in detail.

Dexamethasone
Dexamethasone as glucocorticoid is one of the PONV
prophylactic drugs. In adults, 4–5 mg of dexametha-
sone at the beginning of the procedure is effective to
reduce PONV by 25% [21

&

]. In children, there is no
consent on the dose–response relationship. Kim et al.
[22] could not show any difference in POV rate in
children after adenotonsillectomy using dexametha-
sone 0.0625, 0.125, 0.25, 0.5, or 1 mg/kg (maximum
dose 24 mg). In contrast, Czarnetzki et al. [23] found a
dose-dependent reduction of POV, favoring higher

KEY POINTS

� PONV has a higher incidence in children than in adults
and warrants prophylactic strategies.

� Reduction of baseline risk factors is reasonable in all
pediatric anesthesia cases.

� Dexamethasone, 5-HT3 antagonists, and TIVA are
feasible pharmacologic strategies.

� Droperidol, dimenhydrinate, and metoclopramide
can only be recommended as therapeutic rescue
medication.

� Inpatients and outpatients have different PONV risk
mainly because of variable anesthesia and surgery.

Pediatric anesthesia
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doses of up to 0.5 mg/kg dexamethasone. A recent
Cochrane analysis concluded that ‘appropriate dos-
ing remains still unanswered and final recommen-
dations must await randomized dose-control trials’
[24]. Following these shortcomings, a prospective,
randomized double-blind study by Hermans et al.
[25

&

] showed that 0.15 mg/kg dexamethasone was
as effective as 0.5 mg/kg in reducing PONV incidence
from 49% in placebo to 21 and 22%.

Side-effects of dexamethasone

One of the most severe complications of low-dose
dexamethasone is the tumor lysis syndrome with
consecutive hyperuricemia, hyperkalemia, hyper-
phosphatemia, and hypocalcemia. These electrolyte
and metabolic disturbances may progress very fast to
clinical toxic effects, including renal insufficiency,
cardiac arrhythmias, seizures, and death [26].
Clinical toxic effects have been reported in children
with hematologic cancers who received intraoper-
ative dexamethasone [27,28].

A second major concern is a potential increase
in the bleeding incidences in children undergoing
tonsillectomy. One randomized trial studying the
dose–response of perioperative dexamethasone to
PONV in children undergoing tonsillectomy was
prematurely terminated because of a strong trend
toward an increased risk for hemorrhagic events
[23]. However, this effect was lost when primary
hemorrhage cases, which are largely related to sur-
gical technique, were excluded [29]. The following
studies could not show an increased postoperative
bleeding incidence comparing children receiving
dexamethasone and placebo [30,31]. Subsequently,
a clinical practice guideline from the American
Academy of Otolaryngology-Head and Neck Surgery
recommends the use of a single dose of dexametha-
sone in children undergoing tonsillectomy. Here,
the benefits from dexamethasone such as decreased
throat pain and POV incidence as well as earlier
resumption of oral intake outweigh the risks [32].

The effect of dexamethasone on glucose meta-
bolism and tolerance is another important issue.
Dexamethasone may increase blood glucose con-
centration in adults undergoing bariatric surgery
presenting with diabetes mellitus type II and high
BMI [33]. In children, this increase in blood glucose
could even be found independently of BMI [34].

5-HT3 antagonists
Ondansetron as one agent of the 5-HT3 antagonist
group is widely used for PONV prophylaxis and
therapy [6

&

]. Different reviews and meta-analysis
give good evidence for this strategy [7,35,36].
Ondansetron may have a dose-dependent effect,
but reduces PONV effectively with doses as low as

0.1–0.15 mg/kg intravenously [7]. Schnabel et al.
[35] concluded in a systematic review that 5-HT3

antagonists (ondansetron or granisetron) were more
effective antiemetics than perphenazine in children.
Further, Engelman et al. [36] did a Bayesian meta-
analysis comparing six single antiemetics with five
combination therapies, and concluded that single-
drug prophylaxis with 5-HT3 antagonists resulted in
a relative risk reduction of 50%. However, Liechti
et al. [37] found a further reduction in PONV inci-
dence from 53% using tropisetron only to 24.4% by
applying additional dexamethasone. In a RCT in
218 children undergoing orthopedic surgery, Park
et al. [38

&

] showed a clear advantage of ramosetron
(8.3% PONV) vs. ondansetron (21.3%), especially
concerning late PONV (6–24 h). There were no sig-
nificant side-effects in both groups. Byon et al. [39]
report a PONV incidence of 9% using ramosetron
alone in a double-blind randomized trial in 405
children undergoing strabismus surgery.

Side-effects of 5-HT3 antagonists

In general, the 5-HT3 receptor antagonists have a
favorable side-effect profile and are considered
equally well tolerated except palonosetron [6

&

].
For chemotherapy-induced nausea and vomiting,
the Food and Drug Administration (FDA) has recom-
mended a dose of ondansetron not exceeding 16 mg
in adults. The major concern regarding 5-HT3

antagonists is the induction of cardiac dysrhythmias
because of their QT interval lengthening effect.
Mehta et al. [40] measured QT intervals and Tp-e
intervals after the administration of droperidol or
ondansetron in 108 children. Both drugs length-
ened QT intervals by 10–17 ms and increased Tp-e
intervals by 0–7 ms, with no intergroup differences.
There were no instances of dysrhythmia. They
concluded that droperidol and ondansetron, in
therapeutic antiemetic doses, produce equivalent,
clinically insignificant QT prolongation and negli-
gible Tp-e prolongation, suggesting that neither is
torsadogenic in healthy children at these doses, but
clinicians have to be aware of this effect in children
with long QT syndrome.

On the basis of the currently available data, dexa-
methasone 0.15 mg/kg (maximum 4–5 mg) and, for
example, ondansetron 0.1 mg/kg (maximum 4 mg)
can be recommended for prophylactic use in pedia-
tric patients with risk forPOV, unless therearecontra-
indications. This is in accordance to the recom-
mendation by the Association of Pediatric Anaesthe-
tists of Great Britain, Ireland [41], and Germany [42].

Dimenhydrinate
Dimenhydrinate is an antihistamine drug with
antiemetic effects. Kranke et al. [43] concluded in

Postoperative nausea and vomiting in pediatric anesthesia Höhne
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a meta-analysis that dimenhydrinate is an in-
expensive and clinically effective antiemetic. The
reviewed placebo-controlled trials even suggest that
its antiemetic efficacy may be similar to the 5-HT3

receptor antagonists, dexamethasone, and droper-
idol. However, dimenhydrinate-treated patients
tend to be more sedated and require significantly
longer observation in the postanesthesia care unit
(PACU) [44]. Further, optimal timing and dose–
response have not yet been studied.

Droperidol

Droperidol has an antiemetic effect via dopamin-
ergic receptors. As a result of its possible extrapyr-
amidal symptoms, sedation, and QT prolongation
leading to a FDA ‘black box warning’, the drug is
currently recommended as rescue medication in
therapy-refractory PONV only [45]. Schroeter et al.
[46] showed in 144 children that a low dose of
droperidol 10 mg/kg up to 1.25 mg was sufficient
without neurological or cardiopulmonary side-
effects. The risk of a prolonged QT syndrome is an
absolute contraindication.

Metoclopramide

Metoclopramide is a dopaminergic antagonist
with antiemetic properties. Bolton et al. [47]
showed that in children undergoing tonsillec-
tomy, prophylactic ondansetron was more effec-
tive in reducing PONV than metoclopramide with
a dose of 0.5 mg/kg. A meta-analysis [7] of four
studies investigating the effect of metoclopramide
suggests that it is an effective agent, with no dose
dependency. Thus, ondansetron 0.15 mg/kg is as
effective as metoclopramide 0.5 mg/kg. The con-
clusion should be interpreted with caution because
of the small amount of available data. Metoclopra-
mide should not routinely be used as a prophylac-
tic drug.

Concluding from all data, dimenhydrinate, dro-
peridol, and metoclopramide seem to be effective
drugs for rescue medication.

MULTIMODAL PROPHYLAXIS

In addition to reduction of general anesthesia-
related baseline risk factors, pharmacologic prophy-
laxis with antiemetics should always be considered.
Dose and time points are given in Table 1. Different
combinations of drugs from different substance
classes may be selected in order to optimize the
effect. Meta-analyses showed that 5-HT3 receptor
antagonist combined with either dexamethasone
[36,55] or droperidol [45,56] was more effective than

monotherapy with any of the drugs. Further,
droperidol alone was less effective than when com-
bined with dexamethasone [57]. No differences
were found between the efficiency of the following
combinations: 5-HT3 antagonist and dexametha-
sone, 5-HT3 antagonist and droperidol, and dexa-
methasone and droperidol [56,57]. As a result of
the ‘black box warning’ of the FDA because of
the potential adverse events of droperidol, what
remains as PONV prophylaxis in children is 5-HT3

antagonist and dexamethasone.

ECONOMICS

PONV is the main cause of unplanned admission in
all surgical specialties after day case surgery in 23.5%
of children [58]. In 166 children after adenoidec-
tomy and tonsillectomy, each episode of PONV
increased the patient’s length of stay in the PACU
by 0.5 h [59].

RECOMMENDATION

Baseline risk reduction of PONV with avoidance
of nitrous oxide and volatile anesthetics and
preferential use of propofol instead, reduction of
postoperative opioids with regional anesthesia
and multimodal pain therapy, and adequate
hydration are absolutely necessary in every
pediatric anesthesia. The high incidence of PONV,
existing not only in strabismus or ear–nose–throat
surgery but also in general pediatric surgery,
makes pharmacologic prophylaxis more than
reasonable.

The following antiemetic interventions are feas-
ible with a sensible risk–benefit ratio: TIVA, dexa-
methasone, and 5-HT3 antagonist.

Concluding from all the reviewed data and
guidelines, the author’s recommendation for chil-
dren at least 3 years are:

(1) outpatients (short anesthesia or surgery time
less than 30 min, rare use of postoperative
opioids):
(a) small pediatric surgery: single prophylaxis;
(b) strabismus or ear–nose–throat surgery or

high-risk patients: double prophylaxis;
(2) inpatients (longer anesthesia or surgery time

greater than 30 min, frequent use of postoper-
ative opioids):
(a) different pediatric surgical procedures:

doubl prophylaxis;
(b) strabismus or ear–nose–throat surgery or

high risk: triple prophylaxis; and
(3) rescue therapy:

(a) dimenhydrinate;

Pediatric anesthesia
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(b) droperidol; and
(c) metoclopramide.

These recommendations aim to avoid unnecess-
ary risks for rare but well described side-effects of
antiemetic drugs in low-risk patients, but to reduce
the high PONV incidence in medium and high-
risk patients.

The high incidence of PDNV in children can be
reduced with ondansetron disintegrated tablets
given until the third day after tonsillectomy and
this makes continued prophylaxis with 5-HT3

antagonists reasonable. Further RCTs are necessary
to highlight this topic.

CONCLUSION
The incidence of PONV in children is still too high
in outpatients and inpatients. There are simple
strategies to reduce baseline risk. Additionally, pro-
phylactic drugs should be used in adaption to the
risk: inpatients and outpatients, surgical procedure,
and individual risk.
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